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Abstract

This submission contains answers to TGh Functional requirements 01/071 as well as TGh Comparison Criteria 01/085r1 for Tiered Transmit Power Control 01/215r1. 
1 Answers to functional requirements for proposal 01/215r1

1.1 General requirement

	Req. 

FR 1
	A device implementing TGh functionality shall meet the functional requirements of ERC/DEC/(99)23 (IEEE802.11-00/171), "ERC Decision of November 1999 on the harmonized frequency bands to be designed for the introduction of High Performance Radio Local Area Networks (HIPERLANS)"

	Answer
	The functional requirements for TPC can be met by this proposal. See information below and details in 01/215r1.


	Req. 

Fr 2
	No functionality specified by TGh shall cause an existing IEEE 802.11 MAC and IEEE802.11a PHY mechanisms to become non-conformant.

	Answer
	The proposal has as intent to ensure full backward compatibility to existing mechanisms. No mechanisms or formats are introduced that will adversely affect or disturb the operation of existing IEEE 802.11 MAC and IEEE 802.11a Phy mechanisms. However, as inherently in any other TPC proposal, controlling transmit power will interact with the MAC mechanism. It has therefore been a vital objective to retain backward compatibility to legacy mechanisms as well as carefully introduce TPC mechanism that enables efficient operation. 


	Req. 

Fr 3
	All devices that implement functionality specified by TGh shall remain compatible with legacy equipment (both Aps and stations, and both DCF and PCF modes).

	Answer
	The proposal ensures full backward compatibility to legacy stations and APs. Legacy stations and APs neglect all information elements that are introduced for TPC purpose as dictated by the IEEE 802.11-1999 standard. Moreover, the TPC enabled stations and APs are responsible to adapt transmit power level in the presence of a legacy station and not vice versa.

Finally, legacy stations and APs can derive duration information from newly defined frame formats. The same argument as used in TGe to introduce TCID is employed here. 


	Req. 

FR 4
	Changes to the existing standard and new functionality introduced to meet TGh requirements shall be kept to a minimum.

	Answer
	It is believed that this proposal represents the bare minimum of complexity amendments required to ensure handling of IBSS networks in addition to the simpler BSS network scenario, and at the same time enabling very fast and precise TPC. A few information elements are added as well as a transmit power request frame field used in a response to a TPC enabled stations or AP when closed loop TPC is applied.


1.2 Transmit Power Control Requirements

	Req. 

FR 5
	Support transmit power control requirements as defined in ERC/DEC/(99)23, "ERC Decision of November 1999 on the harmonized frequency bands to be designed for the introduction of High Performance Radio Local Area Networks (HIPERLANS)".

	Answer
	The proposed transmit power control scheme enables both absolute (open loop) and relative (closed loop) transmit power changes and as such enable control over a large dynamic range. The proposal thereby provide the mechanism to control transmit power such that the 3 dB reduction requirement can be fulfilled, but does not explicitly state the algorithm to do so. One possibility is however that each node monitor its own average transmit power and ensures that average transmit power remain below required level. At the same time it allows nodes to use the maximum transmit power for shorter times. Therefore, one can guarantee good coverage whenever needed. Such scheme may be used within both IBSS and BSS networks, but other algorithms are conceivable in a BSS situation.


	Req. 

FR 6
	Protocol mechanisms shall be defined to allow transmit power control to be implemented that meets the requirements in this document.

	Answer
	Such protocol mechanism is defined, thus permitting TPC to be implemented that meet the requirements herein.


	Req.

FR 7
	The supported transmit power levels shall ensure a mitigation factor of at least 3dB.

	Answer
	A TPC mechanism applicable both in IBSS and BSS ensures that transmit power can be set to any desired value. Requirement 5 describes a method to achieve a mitigation factor of 3 dB while retaining the possibility of using maximum transmit power over shorter periods of time for maximum range. 


	Req. 

FR 8
	Define new information elements within existing frames, and new management frames as required to support transmit power control.

	Answer
	3 new information elements are defined which can be sent within existing management frames. This extension is backward compatible. 


	Req. 

FR 9
	Define a mechanism at an STA to allow aCurrentTXPowerLevel to be set from the MLME on receipt of appropriate management information elements.

	Answer
	No changes.


	Req. 

FR 10
	Define the BSS initial power level set at MLME-START.

	Answer
	No changes.


	Req. 

FR 11
	Modify the MIB parameter aNumberSupportedPowerLevels to match the number of possible power settings

	Answer
	To be specified when the draft is written


	Req. 

FR 12
	Define appropriate settings for use in the 5470-5725 MHz bands.



	Answer
	This proposal is in favor of enabling domain specific regulatory transmit power setting per frequency basis. It therefore supports and adopts the same method as proposed in 01/169.  


2 Spectrum Management Requirements

	Answer
	The proposal present a solution for transmit power control. As DFS is to great extent a complementary function, it is  recognized that this proposal can be complemented with a DFS proposal of choice as presented in the TGh working group 


. 

Answers to Comparison Criteria for proposal 01/215r1

2.1 Interoperability and Coexistence

	Req. 
CC 1
	Means of achieving backward compatibility and interoperability with 802.11 MAC / 802.11a PHY (Power saving, Probing and Association, Roaming and handoff, Security, QoS)

	Answer
	The proposed TPC method does not affect Power saving, Probing and Association, Roaming and handoff, Security, or QoS adversely.

Power saving

The proposed scheme takes advantage of opportunities given by the 802.11 power save scheme, for open loop power control purpose. In this manner, power consumption can be diminished.


	Req.

CC 2
	Consider options in 802.11 MAC /802.11a PHY e.g. PCF

	Answer
	It is permissible for the transmitter to adjust transmit power if required for link adaptation purpose and provided other known ongoing communication is not disturbed.

The principle used for open as well as closed loop TPC may be carried over to PCF or HCF. In such case and when applicable, certain frames will require inclusion of the TPC_req field.


2.2 Robustness

	Req.

CC 3
	Stability

	Answer
	Stability for TPC is inherently an algorithmic issue and not a protocol item per se. As systems, or systems adjacent to each other, may have stations and APs from different vendors it is believed that some algorithmic policies are required to avoid the so called party effect. This refer to the problem where transmit power is increased successively to over-voice the general interference level. Note that this is a generic problem for all TPC proposal. In the worst case, nodes may transmit with similar power levels as today’s 802.11 system.
It is suggested that to manage this issue, i.e. for the open loop power control method, an algorithm used to determine PRxmin use a slower interference averaging time-constant for attack than decay. This ensures a tendency to use lowest needed transmit power throughout the system but still enables adaptation to a highly loaded network. In this manner, equipment from different vendors can coexist without undesired power increases.


	Req.

CC 4
	Error recovery

	Answer
	Only frames that are correctly decoded are used in the TPC process. The open loop TPC is a slow process and can use earlier correctly received information in case a frame reception fails which relate to open loop TPC. Frames conveying fast closed loop TPC information must also be correctly received in order to be useful, but that is already dictated by the MAC protocol itself. As each closed loop round provides new TPC adjustment information, error recovery is not a issue.

In addition, 802.11 as such ensure error recovery through the simple ARQ method.


	Req.

CC 5
	Robustness to channel assessment errors

	Answer
	Not applicable for TPC


	Req.

CC 6
	Consider fairness in throughput in the presence of co-channel radio users



	Answer
	Each station adapts desired minimum receive power level relative to the experienced interference. Each station thereby strives in an equal manner to ensure that data is received with sufficient quality.

The backoff procedure in DCF ensures an additional level of fairness.


	Req.

CC 7
	Potential loss of unicast data during channel assessment and channel changes



	Answer
	Not applicable for TPC


2.3 System Performance

	Req.

CC 8
	Performance



	Answer
	Throughput (per unit area):

The speed of avoiding interference through an instantaneous and precise closed loop TPC is an important mechanism to ensure efficient operation.  In this proposal, the transmit power is determined by the receiving station as it has the best knowledge of interference. It knows the interference level and it has the most recent information. This stands in contrast to TPC directed by the transmitter that only have an old and obscure picture of what the reception situation looks like at the time of transmission. As more precise information enables a more precise transmit power setting the proposed scheme will ultimately result in that fewer transmissions failures than other more blind approaches. This provides high throughput with least investment of transmit energy.

Another issue determining the throughput per unit area performance is the desire of efficient spatial reuse of the channel. Hence, floor acquisition through RTS-CTS frames that is sufficient in range but does not extend too far is of vital importance. This is achieved through group based TPC of RTS and CTS frames such that the whole (I)BSS is reached but not more than necessary, provided the interference situation does not dictate otherwise.

Improved throughput will of course in turn a have a positive influence on the delay characteristic for a given load.

Overhead:

There is no additional OH incurred by the PTX_req field in a 14 Byte MAC frame that is extended to 15 Bytes as no new OFDM symbol need to be generated. Instead, existing OFDM symbol is more efficient utilized. . The algorithmic complexity is low, merely O(N), for the proposal to determine open loop transmit power levels for all N STAs within an (I)BSS. As the complexity is low, the OH will be low as well.

Link adaptation:

The proposed method allows the transmitter to select a link rate of choice as indicated power levels relates to a known rate. Link adaptation can in turn be used for performance enhancements. However link adaptation is not a part of the TGh work nor the proposal presented here.

Power consumption:

Several features prolong battery lifetime by reducing the overall power consumption. First of all, wake up periods are used to distribute open loop TPC information. Second, in contrast to two or four way TPC handshake mechanisms that have been proposed, the proposal requires merely one transmission for the open loop TPC to inform about required transmit power to reach the destination. The algorithmic complexity is O(N) for the proposal whereas it is O(N2) for a two/four way request reply approach. Low algorithmic complexity caters for low additional power consumption. Group oriented TPC for RTS and CTS frames, minimize energy required to manage hidden terminals within the own (I)BSS, but with an adaptive receive threshold PRX_min adjustment to interfering (I)BSSs is also enabled. Closed loop TPC enables precise fine-tuning to instantaneous receiving conditions for bulk traffic. Consequently, power consumption can be aggressively reduced to a bare minimum. Note that closed loop TPC only exchange TPC information via a two-way handshake when traffic which is sent. Other two or four way handshake mechanisms may need to exchange TPC information even if traffic is not flowing.


	Req.

CC 9
	Maturity of solution and technology



	Answer
	Open and Closed loop TPC is well known and deployed techniques in e.g. cellular systems. The principle of indicating desired receive power as used in open loop TPC is well established in e.g. Hiperlan 2.


2.4 Complexity

	Req.

CC 10
	MAC implementation complexity relative to current 802.11 MACs



	Answer
	The additional implementation complexity increase is low and judged manageable from SW point of view. The open loop power control is extremely slow and so is the process to determine the average interference that is internal for each station. The closed loop power control is fast in accordance with its purpose, but sufficient time exists to determine relative power adjustment.

An important aspect is here to remember is that the implementation complexity of the existing MAC is negligible relative the existing PHY. This relation will remain unchanged. 


	Req.

CC 11
	Baseband processing complexity relative to current 802.11a PHYs 



	Answer
	No changes.


	Req.

CC 12
	RF/IF complexity relative to current 802.11a PHYs



	Answer
	No changes apart from standardizing transmit power RSSI levels which is not a result of the proposal as such, but rather the regulatory requirement and objective of the TGh WG.
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