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Abstract

This paper proposes modifications in Channel Switch Information Element to enable an IEEE 802.11h WLAN to siwtch to a new channel in a short time irrespective of beacon interval period. The modified channel switch information element allows that an AP can require that no further transmission shall occur on the medium. Furthermore, the new channel switch announcement information element takes into account the possbility that some STAs may not correctly receive the broadcast information and it includes a mechanism to remedy this situation.

1. Frame Definitions

1.1 Channel Switch Announcement Element

The Channel Switch Announcement Information Element allows an AP to announce the channel number where the BSS/IBSS will move to and the timing of such a move. 

We propose to add a single byte Switch Mode byte in to the current channel switch announcement information element as defined in Figure 1.


	
	Element ID
	Length
	Switch Mode
	Channel to Switch
	Channel Switch Count

	octets
	1
	1
	1
	1
	2


Figure 1: Channel Switch Announcement Information Element

The sub-fields ‘Element ID’ and the ‘Channel to Switch’ shall be set as defined in [1] § 7.3.2.20.

The format of sub-field Switch Mode shall be as defined in Figure 2.



	
	F
	Q
	R
	Reserved

	bit
	0
	1
	2
	3
	4
	5
	6
	7


Figure 2: Switch Mode Sub-field Format


The ‘F’ bit when set, a STA may retransmit the channel switch information before the announced channel switch time once after reception of a management or a data frame, belonging to the same BSS. However, before re-transmitting the channel switch information the STA shall wait for a random backoff interval. If during the backoff time a channel switch information element, belonging to the same BSS, is received the re-transmission shall not be done.

The ‘Q’ bit when set, all STAs in the BSS or the IBSS shall not initiate any new frame exchange sequences in the current channel. A STA shall only transmit in the announced channel after the announced channel switch time and after the first TBTT in the new channel. In a BSS network, a STA shall wait to hear a beacon or a probe response from the AP before transmitting any Class 2 or Class 3 frames. When used in combination with ‘R’ bit some exceptions are noted below.

The ‘R’ bit when set, a STA may retransmit the channel switch information before the announced channel switch time once after reception of a management or a data frame, belonging to the same BSS. However, before re-transmitting the channel switch information a STA shall wait for a random backoff interval. If during the backoff time a channel switch information element, belonging to the same BSS, is received the re-transmission shall not be done. The STA re-transmitting the channel switch information shall take into the account the time elapsed between since its own reception of the channel switch anouncement frame frame and the end of transmission of the re-transmit frame, and update the channel siwtch count field accordingly. The retransmission shall be done at the minimum of the mandatory rates supported by the STA.

The bits 3 through 7 shall be set to zeros and are reserved for future use.
2. The channel switch mechanism

In some regulatory domains and in some circumstances there might be a need to vacate the operating channel in a short period of time. This may, for example, be needed when certain types of radars are detected in certain bands. With the current channel switch announcement information element the earliest possible time a channel can switch is at the next TBTT and it may not be suffcient to meet some future requirements. It is noted here that the current regulations governing the use of WLAN equipment in 5GHz bands are in the making [2], and, therefore, it cannot be said with certaintly what form or shape these requirements will take and how they will apply to certain bands. 

It is quite possible, and likely, that the requirement to vacate the channel in a very short time would not be applicable when any type of interferer is detected. For example, if an overlapping IEEE 802.11 BSS is detected which is causing performance degradations then it might be acceptable to wait a little while longer to ensure that the entire membership of BSS/IBSS moves simultaneously to the new channel without adversely affecting the performance of the network. It is also quite likely that for some types of radar, and in some bands, that the operating channel would need to be vacated immediately or in very short amount of time. While vacating the channel immediately all the time would satisfy all the requirements, it may not be necessary. The resulting trade-off to severely sacrifice performance may not be needed in some circumstances. Therefore, the IEEE TGh should specify a flexible channel switching mechanism, which could be adapted to both the scenarios. The philosophy that the standard should adapt is that it provides a flexible solution that can cater the needs of foreseeable regulatory scenarios while at the same time giving latitude to vendors to implement and adapt the policies and algorithms of their own liking.

In view of the aforementioned, we propose to add a single byte ‘Switch Mode’ byte to the channel switch announcement information element. The format and contents of this field are given in Figure 2. The defintion of the bit fields is given in earlier section and it sheds light on the use of these bits. Nevertheless, a brief note on their usage follows.

The ‘F’ bit would enable a BSS/IBSS network to move to a new channel in a very short amount of time by specifying the channel switch time in microseconds. This has two advantages: 1) the channel siwtch instant can now be defined in microseconds in the range from 1 us to 65 ms; and 2) it removes the dependence of channel switch instant from TBTT. It could be argued that a immediate channel switch would be sufficient to address situations where a fast action is required. The reasons, that it may not suffice in some circumstances is that the very nature of wireless communications is unreliable and it is due to two causes: 1) the dynamic nature of the channel medium; and 2) the inherent access method of IEEE 802.11. Since the channel conditions are changing constantly, it is possible that one particular channel switch information element is not received by several STAs properly. It may be desirable to send channel switch information multiple times to increase its likelihood of reception. Furthermore, due to inherent nature of IEEE 802.11 DCF access mechanism the frame may collide with other frames transmitted simultaneously and may not reach any STA. This is the worst case scenario. So, to ensure smooth network performance a time delay to ensure that STAs have indeed received the new channel information might be desirable.

The ‘Q’ bit enables an AP to enforce that no further transmissions shall take place on this channel. While the network is scheduled to switch to a new channel at some later time, there are some anticipated requirements to limit transmissions in the current channel, for example, [2] proposes a similar requirement. The setting of this bit would help meeting such type of requirements.

The ‘R’ enables a mechanism whereby those STAs that have not received the initial channel switch information with ‘Q’ bit set can be informed of pending channel switch. If a STA happens to send any traffic on the channel medium unrelated to channel switch annoucement element, this STA can be detected by other STAs as well as by the AP. Therefore, it is allowed, AP permitting by setting ‘R’ bit, that such STAs be notified of pending channel switch by retransmitting channel switch information element with . Since each STA intending to re-transmit the channel siwtch information element has to wait for a random backoff interval, the contention among them would be resolved. All STAs that hear a subsequent channel switch announvement information element shall not do their own re-transmission.

3. CONCLUSIONS

We have presented some modifications to the existing channel switch announcement information element to enable fast channel switching. A new ‘Switch Mode’ single byte field is proposed with three bit-field positions defined and these are: 1) ‘F’; 2) ‘Q’; and, 3) ‘R’. The ‘F’ bit defines the contents of the channel count field in units of microseconds. The ‘Q’ bit forbids further traffic on the current channel and the ‘R’ bit relaxes constraints enforced by ‘Q’ bit to allow channel switch information transmission. This is expected to ensure that all members of BSS move to the new channel simultaneosly.

The proposed modification is equally applicable in IBSS case.
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