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1	Introduction
During RAN1#93 [1] the following agreement was made: 

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition

In this contribution, we provide our view on considering 802.11a preamble as a candidate signal for those use cases. 
[bookmark: _Ref178064866]2	Claimed benefits of 802.11a preamble
2.1		Power saving
It has been argued that reception of a preamble can help save power. The receiver of the preamble can defer from sensing the channel during the indicated transmission duration. The latter statement does not accurately describe the situation. Therefore, here we list some aspects that should not be ignored. 
· If an NR-U UE in active time has to check a signal that can arrive on a fine time grid, since a signal can arrive at basically anytime, the UE will consume power essentially continuously. Such signals may involve activation of additional hardware that is not part of NR operations.
· Going to sleep after detecting the preamble comes with additional tradeoffs. For Wi-Fi devices, the IEEE 802.11-2016 specification clearly mandates that a node that chooses to sleep after detecting a preamble, shall perform CCA until a frame is detected by which it can set its NAV, or until a period of time indicated by the NAVSyncDelay (Clause 11.2.3.2 of IEEE 802.11-2016). Therefore, the node has to defer from accessing the channel for an additional re-synchronization period beyond the indicated transmission length. This is due to the fact that by sleeping, the node could have missed other preambles that are transmitted during the defer duration indicated by the first preamble. This should not give a node the right to sense immediately after waking up using ED threshold because of the missed preamble while in sleep mode. This means, if the node decides to go into sleep mode after reading the preamble, it needs to pay the cost of deferring for duration longer than the one indicated by the preamble. 
· A node senses only when it has data to transmit. If there is low contention for the wireless medium, the UE/gNB gets the chance to access the channel without a long deferral time even without the use of a preamble. Thus, power savings with the use of a preamble are diminished due to the additional sensing time needed for detection of the preamble as discussed above. If the deployment is highly congested, the probability of successfully decoding the preamble reduces significantly, and therefore the UE/gNB needs to continue sensing based on ED threshold. Our studies show that in the specified NR-U indoor scenario [2], preamble is being missed more than 60% of the time for high load in the reference Wi-Fi-Wi-Fi scenario, as shown in figure 1. 
· [image: C:\Users\ereekar\Desktop\Missed PD (002).png]
Figure 1: ratio of missed preamble in Wi-Fi-WiFi coexistence scenario using the NR-U indoor scenario

[bookmark: _Toc525912415][bookmark: _Toc525936757][bookmark: _Toc525940522]Adopting the 802.11a preamble does not guarantee power saving gains for NR-U. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations. 

2.2		Spatial reuse 
While NR-U is well equipped for operating at a frequency reuse factor of one, introducing the 802.11a preamble for NR-U would mean lower spatial reuse and consequently, reduced performance in some environments, since detecting the preamble would require deferring at a lower threshold than -72dBm. 
[bookmark: _Toc525912416][bookmark: _Toc525936763][bookmark: _Toc525940523] Lower spatial reuse among NR-U nodes is expected if 802.11a preamble is used. 
2.3		DL burst identification 
In IEEE 802.11, if the preamble is missed, the whole transmission cannot be received. While, on the other hand, in NR-U/LAA, each slot can be self-contained, i.e. data and the corresponding control in same slot. Failure or reception of one slot, in most cases does not impact the reliability or reception of another slot. 
If NR-U uses the 802.11a preamble as a means to detect the start of the DL transmission, this will put NR-U at risk of missing the whole DL burst if the preamble is missed. And it is worth noting, that detection of 802.11a preamble is less reliable than NR-based signalling.
By counting on the preamble to detect the start of the DL transmission, we are sacrificing one of NR-U’s advantages as compared to other technologies. 
[bookmark: _Toc525912417][bookmark: _Toc525940524][bookmark: _Toc525936758]Use of the 802.11a preamble DL burst identification has significant disadvantages

2.4		Coexistence 
In this section, we quantify coexistence gains, if any, in both an NR-U-NR-U coexistence scenario as well as in a Wi-Fi-NR-U coexistence scenario. 
2.4.1		NR-U outdoor scenario 1
NR-U outdoor scenario 1 has been identified as an outdoor hot-spot like scenario. Here, we evaluate the impact of introducing the 802.11a preamble on the system-level performance. 
2.4.1.1		NR-U coexistence with NR-U 
Figure 2: Mean object bitrate per UE (UL and DL) in two cases: both NR-U networks do not use preamble(blue) , both networks use preamble (orange).

According to the results in figure 2, NR-U coexistence becomes worse if 802.11a preamble is used. 
2.4.1.2		NR-U coexistence with Wi-Fi Figure 3: Mean object bitrate per UE (UL and DL) when NR-U coexists with Wi-Fi in two cases: NRU network does not use preamble (blue), and NR-U network uses preamble (orange).


Similar to NR-U-NR-U coexistence, both technologies have slight degradation in performance if NR-U uses 802.11a preamble. In such a scenario, preamble transmission lowers the spatial reuse ratio and therefore negatively impact the performance. Figure 4: Mean object bitrate per UE (UL and DL) for Wi-Fi network in three cases: (blue) coexisting with Wi-Fi, (orange) when coexisting with NR-U network that does not use preamble, (green) when coexisting with NR-U network that uses preamble. 

2.4.2		NR-U indoor scenario
2.4.2.1		NR-U coexistence with NR-U 
Figure 5: Mean object bitrate per UE (UL and DL) in two cases: both NR-U networks do not use preamble(blue), both networks use preamble (orange).










The observation does not change as compared to the outdoor deployment. Even in the indoor scenario, with significantly high weak links, NR-U coexistence becomes worse if 802.11a preamble is used. 
2.4.2.2		NR-U coexistence with Wi-Fi Figure 7: Mean object bitrate per UE (UL and DL) for WiFi network in three cases: (blue) coexisting with WiFi, (orange) when coexisting with NR-U network that does not use preamble, (green) when coexisting with NR-U network that uses preamble.
Figure 6: Mean object bitrate per UE (UL and DL) when NR-U coexists with Wi-Fi in two cases: NR-U network does not use preamble (blue), and NR-U network uses preamble (orange).


[bookmark: _GoBack]Comparing the performance of Wi-Fi when coexisting with NR-U with and without preamble, the difference is quite small for realistic load points and no more than 10% when the system is congested. NR-U already provides very good coexistence with Wi-Fi even without the usage of the preamble. Similar observation can be made for the NR-U performance with and without preamble when coexisting with Wi-Fi. Also, it is worth noting that the used NR-U setup here is very basic, using 30KHz SCS, scheduled UL and no mini-slots. We expect that the gains will be even further diminished if NR-U configuration is optimized, e.g. when using configured UL grant. 

2.5		Implementation Complexity and Specifications Impact
Adopting the 802.11a preamble will likely require additional hardware that enables reception and transmission of signals that NR does not support since the preamble signal is not compliant with the NR frame structure or with its numerologies, sample rates etc. 
Furthermore, supporting the preamble has implications for existing NR procedures. For example, it is not clear if preamble transmission is meaningful in case of frequency multiplexing. The preamble transmission from different UEs will overlap in time and will cause interference to each other. 
Other problems will also appear if UEs are time multiplexed. If different UEs are time multiplexed, gaps should be introduced between consecutive transmission from different UEs. Since, the 802.11a preamble is not compliant with NR numerology, it does not perfectly fit in symbol duration. Puncturing symbols partially would be needed. This adds complications and requires additional signalling.  
According to the results we conclude the following:
[bookmark: _Toc525912418][bookmark: _Toc525936761][bookmark: _Toc525940525]Significant changes to existing NR procedures and signalling are expected if 802.11a preamble is adopted. It is not clear that minor performance gains, and only in limited scenarios, warrant such large changes.
[bookmark: _Hlk525906066][bookmark: _Toc525940526]The use of a preamble significantly compromises key features of NR-U such as frequency multiplexing of uplink transmissions with a fine granularity and robust coverage. 
Given what we have discussed, we believe that the disadvantages of using an 802.11a preamble far outweigh the advantages.
[bookmark: _Toc525940226]The disadvantages of supporting an 802.11a preamble for NR-U significantly outweigh the benefits.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Adopting the 802.11a preamble does not guarantee power saving gains for NR-U. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations.
Observation 2	Lower spatial reuse among NR-U nodes is expected if 802.11a preamble is used.
Observation 3	Use of the 802.11a preamble DL burst identification has significant disadvantages
Observation 4	Significant changes to existing NR procedures and signalling are expected if 802.11a preamble is adopted. It is not clear that minor performance gains, and only in limited scenarios, warrant such large changes.
Observation 5	The use of a preamble significantly compromises key features of NR-U such as frequency multiplexing of uplink transmissions with a fine granularity and robust coverage.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The disadvantages of supporting an 802.11a preamble for NR-U significantly outweigh the benefits.
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