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8.1.4	Current Challenges
As noted above, the 2.4GHz band is of major importance for IEEE802.11 technology as it is  the only frequency band that is available worldwide. Although many products, notably consumer products, are dual band and operate in the 2.4GHz and 5GHz bands, “2.4GHz only” products are widely used in many sectors of industry, transportation and healthcare and surveillance. The applications range from typical IoT, low data rate applications to high data rate video transport over IP. The latter, together with the consumer applications, are facilitated by new a version of the standard – known as Amendment ax – that is intended to provide multi-user capabilities such as MU-MIMO and OFDMA as well as a 4-fold improvement in throughput in dense deployments. These technology improvements assure a more efficient use of RF spectrum regardless of the operating frequency band. The improvements will be introduced in products for many applications and environments and for all frequency bands.
8.1.4.1	IEEE 802.11, Amendment ax
Amendment ax extends the IEEE802.11 specification into new territory. The primary objective is to improve capacity by a factor 4 relative to the previous Amendment – ac – and so improve spectrum efficiency:
· Uplink + Downlink MU-MIMO for improved spectrum sharing in both directions
· OFDMA for improved efficiency for multiple sessions in parallel
· 1024-QAM modulation for higher transmission rates
· Hybrid medium access using dynamic contention thresholds and scheduled medium access
· Reduced protocol overhead
All of these improvements are relevant in all frequency bands. In case of the 2.4GHz band, operating bandwidth is necessarily restricted to either 20 or 40MHz; the latter may not be useful in busy spectrum conditions. Therefore, it is of great importance to maximize the efficiency of use of the available bandwidth and here the above improvements make a large difference by reducing transmission time for a given throughput. 
MU-MIMO, OFDMA and higher modulation rates (i.e. MCS 5 and higher) all require a high level of signal quality, i.e.: the Signal to Noise + Interference Ratio (SNIR) required is as high as 29dB. The required received signal level depends on implementation factors as well; assuming 10dB for these factors puts the required SNIR at 39dB. In a 20MHz channel, this implies an RSSI of  at least -62dBm.
 Figure X.1 shows how the data rate depends on the received signal strength for a reasonable link quality of 1% PER or 10^-5.5 BER and a background noise level of 3dB.
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Figure X.1: IEEE802.11ax, SNIR vs Data Rate, single stream

8.1.4.2 	Implications of the 100mW EIRP limit 
8.1.4.2.1 	Limited Operating Range 
Although demand for 2.4GHz based IEEE802.11 equipment, including -ax versions is robust and growing, the high data rate applications are discouraged by the unfavourable range/rate characteristic resulting from the regulatory limit of 100mW EIRP per box. 
Wireless LAN use takes place in a variety of environments with widely varying propagation conditions. Generally, the indoor propagation loss exponent is in the range of 3 to 4. Figure X.2 shows how the effective range drops with the higher data rates for a pathloss exponent of 3.6 and a PER of 1%. 
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Figure X.2: Data rates and operating range for 802.11ax,  4x4 MIMO, MCS 3,5, and 8 
Other parameters used are implementation loss (~9 dB) and 3 dB background noise.
The figure shows that from MCS3 to MCS8, the area served drops with a factor 9 as the data rate increases by a factor 3. 

8.1.4.2.2 	Reduced Link Quality  
A major implication of the high signal level required at higher data rates and complex signal coding schemes such a MU-MIMO and OFDMA, is that in many cases, the received signal strength is close to the minimum required. In such cases the link error rate depends strongly on received signal strength, e.g. a factor 5 per dB.  At maximum operating range, a few dB lower signal strength reduces the SNIR and that causes a large increase in error rate and re-transmissions resulting in a large reduction in spectrum efficiency. 

8.1.4.2.3	Use of multiple APs instead of  MU-MIMO
Access Points (AP) are a key element in IEEE802.11 networks and their performance determines to a large extent the performance of the network as perceived by the user. The limited operating range of MU-MIMO equipment at higher data rates shown above leads to user disappointment and a search for “solutions”. 
An obvious, if costly, solution is to install more APs in the same building or area. This allows a shorter operating range and therefore higher transmission speeds. The single AP serving multiple users in MU-MIMO mode is replaced by multiple APs each serving a small number of users. Although this solution may be obvious, its impact on spectrum utilization is negative: each AP transmitter contributes to the local spectrum load in an additive manner. Another downside of this solution is that the APs typically have to (time)share the same channel so that the gain in transmission rate is offset by the reduction in throughput due to channel sharing. In situations where each AP could use a separate channel, the timesharing is replaced by spectral separation which preserves the throughput but is highly inefficient from a spectrum point of view. The 2.4GHz band supports only 3 separate channels in the same physical space.

8.1.4.2.4 	Use of Amplifiers and Range Extenders 
A popular solution to the above link performance issues in the consumer space is to install “Wi-Fi amplifiers” or “Range Extenders”. In some offerings, these amplifiers are actually APs interconnected by “power line adapters”. Whereas the latter are comparable to regular APs, the former pick up the transmissions from other APs and re-transmit the packets received. Here the downside of having multiple transmitters is exacerbated by the re-transmission protocol: every packet is transmitted at least twice, worst case on the same channel. Clearly, these solutions, like the multiple AP solution increase spectrum occupation and are very spectrum inefficient. Channel re-use by multiple transmitters largely negates the gain in transmission rate but since this type of product is  widely available and relatively low cost, these solutions remain popular.
The improved spectrum efficiency offered by IEEE 802.11 ax equipment requires a better range and/or link reliability to displace the popular but inefficient consumer solutions.

8.1.4.2.5 	Summary
As the preceding shows, evolving IEEE802.11 technology has much to offer in terms of performance as well as spectrum efficiency, notably in dense, high data rate conditions. These improvements require a good link budget with a large SNIR margin above basic receiver sensitivity. Improving receiver sensitivity does not help because in the busy operating environment, link performance is interference limited. Better receiver sensitivity would not improve the required SNIR. 
Background noise in the increasingly “electronic” environment in which this technology is typically used further reduces this margin. Realization of the full potential of this technology would be served well with an adapted regulation rewarding spectrum efficiency. Redefining the transmitted RF power limit as a limit per transmitter would increase the operating link budget and so improve not only the performance but also the spectrum efficiency of this technology.

8.1.5	Current fit within the regulation / standard
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