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1 Introduction
The technical report on the study of NR-based access to unlicensed spectrum [1] recommends that DRS alone or DRS multiplexed with non-unicast data (such as OSI, paging, RAR) be transmitted with short fixed durations LBT (CAT2 LBT) of 25us up to 5% of the airtime per gNB (when the DRS duty cycle is <=1/20 and the total duration of each such transmission is up to 1ms). The recommendation is captured as below

	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms


Subsequently, an LS from ETSI-BRAN [2] was received in RAN1 which elicited a response on the Short Control Signalling clause of EN 301 893, specifically, whether it can be removed or the allowance of transmitting such signals can be reduced to 1% of the time instead of 5%.

This triggered a discussion in the RAN1 Ad hoc 1901 meeting and also a subsequent informal discussion on the RAN1 email reflector. Multiple companies have expressed their opinions regarding this topic.

This contribution discusses observations and proposals regarding use of short fixed duration LBT (CAT2 LBT) for transmissions outside a COT. Even though we believe that these observations and proposals are intuitively justified, we also present simulation results to further establish them.
2 Discussion
Two primary considerations used to support NR-U DRS transmissions with 25us LBT are:

1. The precedent of LAA where DRS was allowed to be transmitted with fixed 25us LBT. It is known that in view of the criterion of ensuring fair coexistence towards Wi-Fi, this decision was made due to a misunderstanding that Wi-Fi beacons are transmitted with fixed 25us LBT. The understanding has been corrected since.

2. Existence of the Short Control Signalling (SCS) clause in EN 301 893 [3] which allows for signals of the type “management and control” to be transmitted without LBT if they are transmitted less than 5% of the time. This is the clause which has been called to question by the LS from ETSI-BRAN to RAN1 [2].


To begin with we note that the 25us LBT for DRS and other multiplexed messages is for transmissions outside a COT. Transmissions inside a COT also use 25us LBT or even no-LBT, in both LAA/NR-U and Wi-Fi. These latter transmissions are not a cause of concern and are not a part of this discussion, since there is an umbrella CAT4 LBT performed to win the COT in the first place. This CAT4 LBT ensures that channel access becomes a function of the congestion, collisions and priority of traffic in the channel.
2.1 Theoretical Considerations
We consider the following three aspects of such fixed duration LBT procedures outside a COT:

1. Whether transmissions with short fixed LBT are allowed by regulations, say the ETSI-BRAN harmonized standard for 5GHz EN 301 893 [3].

2. Whether transmissions with short fixed LBT are a good design choice, that can even be adopted by legacy and future generations of Wi-Fi.

3. Whether transmissions with short fixed LBT can be fair to coexisting technologies such as co-channel Wi-Fi.

On point 1: The Short Control Signalling clause in EN 301 893 section 4.2.7.3.3 does allow transmission of messages even without any LBT (no-LBT) for up to less than 5% of the airtime per device. It says that “management and control frames” can be sent with no-LBT without defining what such “management and control frames” are. 

It is not known how and why the Short Control Signalling clause was introduced in EN 301 893. It is likely to have been introduced to accommodate (H)ARQ feedback that are transmitted immediately after the reception of a packet, since there wasn’t any concept of a COT in earlier versions of EN 301 893.  Definition of a COT and hence transmission of such (H)ARQ feedback within the same COT has already been provisioned in the later revisions of EN 301 893, and so technically the Short Control Signalling clause is no longer needed to support the probable original intent of introducing the clause.

Observation 1: The Short Control Signalling clause in ETSI-BRAN EN 301 893 is likely to have been introduced to accommodate transmission of (H)ARQ feedback that are transmitted immediately after the reception of a packet, since there wasn’t any concept of a COT in earlier versions of EN 301 893. Definition of a COT and hence transmission of such (H)ARQ feedback within the same COT has been provisioned in the later revisions of EN 301 893, and so technically the Short Control Signalling clause is no longer needed to support the probable original intent of introducing the clause.

On point 2: The Short Control Signalling clause has been cited extensively in RAN1 to justify the inclusion of 25us LBT for DRS and other transmissions for up to 5% of the air time. Given this, we discuss if this clause leads to good design choices for transmission in the unlicensed spectrum. The following points should be noted:

1. The clause allows such transmissions for up to 5% of the time “per device”. In a dense network with many devices, if all of them were to use this clause and transmit without LBT up to 5% of the time, it could lead to the majority of air time being occupied by transmissions happening without LBT. This in turn would lead to collisions in the channel from which devices would have no mechanism to adapt and recover. 

2. CAT4 LBT i.e. a scheme which uses an exponentially increasing contention window is the only known channel access scheme that adapts the channel wait time to the congestion and collision in an unlicensed channel. It does so by making the contention window size smaller and the wait time shorter in a less congested channel with low/no collision, while in a congested channel with more collisions the contention window is made larger leading to a longer but more optimal and fairer wait time. Transmissions without LBT or with short LBT cannot adapt in this manner. 

3. We compare below the relative performance of 25us LBT vs CAT4 LBT in less congested and highly congested channels respectively:
a. In a less congested channel:  25us LBT leads to 25us of wait time. CAT4 LBT at the gNB/AP with the two highest access priorities leads to the same 25us wait time. This can also be confirmed by noting the following text in the LAA specification “If an eNB has not transmitted a transmission including PDSCH/PDCCH/EPDCCH on a carrier on which LAA Scell(s) transmission(s) are performed after step 4 in the procedure above, the eNB may transmit a transmission including PDSCH/PDCCH/EPDCCH on the carrier, if the channel is sensed to be idle at least in a slot duration Tsl  when the eNB is ready to transmit PDSCH/PDCCH/EPDCCH and if the channel has been sensed to be idle during all the slot durations of a defer duration Td  immediately before this transmission” and by noting that Td = 25us for channel access priority classes 1 and 2 in the DL.
b. In a congested channel:  fixed duration LBT of 25us will lead to increased collisions in two ways:
i. In the presence of hidden nodes: parallel transmissions from the nodes that lead to collision will not perform random backoff to reduce the chance of subsequent collisions. For example, if the DRS transmission from two nodes collide at time T and these nodes have the same DRS transmission opportunities, the subsequent DRS transmissions from these nodes would likely collide again.
ii. In the absence of hidden nodes: collisions can happen due to multiple nodes that are sensing the channel counting down at the same time. The probability of such collision is 100% if the nodes count down at the same time and use 25us LBT. However, if the nodes use CAT4 LBT with the highest access priority, the probability of collision is 25% at the first transmission attempt (since CWmin = 3), and in case of collisions the probability can subsequently reduce to 12.5% (since CWmax = 7). 

Given the above, it is clear that CAT4 LBT is a better channel access scheme than 25us LBT since it leads to the same latency in a less congested channel and optimal “tunable/adaptable” latency and overall better network performance in a more congested channel.

Observation 2: CAT4 LBT is a better channel access scheme than 25us LBT since it leads to the same latency in a less congested channel and optimal “tunable/adaptable” latency and overall better network performance in a more congested channel.
Observation 3: 25us LBT for LAA DRS uses a higher Energy Detection threshold of -67dBm compared to the nominal LAA Energy Detection threshold of -72dBm for all other transmissions. It is recommended that NR-U DRS too use the same. This means that 25us LBT for NR-U DRS will be more aggressive than 25us LBT in a nominal configuration.   
On point 3: We examine if transmissions with 25us LBT can be fair to transmissions with CAT4 LBT. Such “fairness” can be unidirectional (such as LAA/NR-U has to be fair to incumbent 802.11ac in 5GHz) or the “fairness” can be bidirectional or mutual (such as mutual fairness between new technologies in 6GHz). For the discussion below, it suffices to consider mutual fairness, since if a scheme doesn’t ensure mutual fairness it will also not ensure unidirectional fairness. “Equal probability of channel access” or equivalently “Equal wait times of channel access” can be a metric to evaluate mutual fairness i.e. two schemes are mutually fair when they have similar probability of channel access or similar channel access wait times. We again consider two cases: a less congested channel and a more congested channel.

1. In a less congested channel: as discussed in the earlier section, the wait time for transmissions with 25us LBT and CAT4 LBT with the highest two channel access priority classes is the same. So, both schemes are mutually fair.

2. In a congested channel: there are expected to be collisions both due to a) devices with data to transmit sensing the channel and counting down at the same time and b) due to the presence of hidden nodes. In either case, if a packet that has been transmitted with 25us LBT collides with a packet that has been transmitted with CAT4 LBT, the former packet will sense the channel for an idle time of 25us before its next transmission opportunity while the latter packet will double its contention window and sense the channel for an idle time equal to (k1+1)*25us + k2*9us (where k1 is the number of times the channel is sensed to be busy while the device is sensing the channel and 0<=k2<=m+1; m = {3,..6}). Clearly, the latter wait time is much higher than the former. In other words, in presence of collision, 25us LBT will lead to a much lower channel wait time than CAT4 LBT with the highest access priority class and hence transmissions with 25us LBT will not be fair to transmissions with CAT4 LBT.

It has been argued by some companies in RAN1 that there is no evidence, either via field tests or via simulations that transmissions with 25us LBT with up to 5% of the airtime are unfair to transmissions with CAT4 LBT. In this regard we note the following:

1. On simulations: The 3GPP Indoor sub 7GHz simulation configuration consists of 3 gNBs and 3 APs in a 120m x 80m area. So, transmissions with 25us LBT are limited to just 3 nodes in a 120m x 80m area with up to 5% of air time. Noting that a simulation output can only capture statistically significant events, it is highly unlikely that DRS transmissions from such a sparse configuration of gNBs will pick up any statistically significant degradation in a coexisting Wi-Fi network. For this reason, in section 2.2, we present a set of simulation results using a configuration where there are multiple nodes that use 25us LBT.
2. On field tests: We are not aware of any tests that show either fairness or unfairness. At least for DRS transmissions in 5GHz in presence of the incumbent 802.11, the onus is on 3GPP to conduct field tests in suitable scenarios to prove fairness before standardizing 25us LBT.   

Observation 4: It is clear from theoretical considerations that the use of 25us LBT for transmission of NR-U DRS will not be fair to the transmission of equivalent messages in Wi-Fi, such as Wi-Fi beacons. The simulations and field tests that currently exist are not sufficient to evaluate the impact of 25us LBT for NR-U DRS transmissions.
Note also that the concern regarding the 5% upper bound being “per device” and not “per network” has been recognized in RAN1 too with regards to DRS transmissions in LAA. RAN1 had written the following to IEEE 802.11 in its LS response [4] “Furthermore, it is technically sound for the eNBs at least of the same operator in a given area to coordinate their DRS transmissions within a small window so that UEs may be able to measure and report other serving cells in the vicinity. This strongly limits the incentive for the eNBs of the same operator to use multiple DRS transmissions which are significantly spaced apart in time. Thus, medium occupancy would be minimal overall when observed from a network perspective which is especially beneficial in dense deployments with a lot of eNBs.” In the above, RAN1 assures IEEE 802.11 that even though the 5% upper bound is per-device, eNBs of a given operator are expected to coordinate and transmit DRS in the same time window and so the total airtime for DRS transmissions would not scale up with the number of eNBs in the network. However, this argument does not hold for DRS transmissions in NR-U, for example in a standalone NR-U configuration where transmissions are expected to be uncoordinated. Hence the concern regarding the total DRS airtime as visible to a co-channel Wi-Fi network far exceeding the 5% upper bound is valid for such a configuration and must be addressed.
Observation 5: If 25us LBT is enabled for NR-U DRS, NR-U nodes, for example in case of standalone deployments may occupy large durations of time with transmissions performed using only 25us LBT. Hence the concern regarding the total DRS airtime as visible to a co-channel Wi-Fi network far exceeding the 5% upper bound is valid for such NR-U configurations and must be addressed.
Finally, please note that Wi-Fi devices can be easily updated to use the Short Control Signalling clause in EN 301 893 and say transmit beacons with 25us LBT. This can be done for newer Wi-Fi standards as well as for legacy Wi-Fi devices with minimal software change. This is an easily available path for Wi-Fi to adopt in order to annul any unfairness due to use of 25us LBT for DRS. However, in our view, this will only lead to increased collision in the network and consequently poor performance for both NR-U and Wi-Fi in a co-channel network.

Observation 6: Use of 25us LBT for NR-U DRS sets up a wrong precedent for access to the unlicensed spectrum. If other technologies too use such aggressive channel access schemes to prioritize their transmissions, the entire system performance will suffer due to increase in channel collision.
2.2 Simulation Results
· Topology: 8 nodes all of which see each other: 4 are Wi-Fi and 4 are NR-U
· Each node has 1 flow of channel access priority class 1 where traffic arrives every 20 ms. For Wi-Fi, this flow consists of beacon and voice. For NR-U, this flow consists of DRS and occupies 1ms. The “1ms every 20ms” is configured to exercise the 5% upper bound for transmissions with 25us LBT for NR-U.
· Half of the nodes have 1 flow of channel access priority class 3 (best effort).
· CCA Scheme: 
· Wi-Fi uses CAT4 LBT of priority class 1 beacon/voice and of priority class 3 for best effort. 

· NR-U uses CAT4 LBT of priority class 3 for best effort.
· The following schemes are compared:

· Scheme 1: NR-U uses CAT4 LBT of priority class 1 for DRS.
· Scheme 2: NR-U uses CAT2 LBT of 25us for DRS. 
· Results: Delay CDFs of successfully received Wi-Fi beacon/voice in terms of percentage increase in delay of Scheme 2 compared to Scheme 1.
	Percentile of Wi-Fi beacon/voice delay
	Percentage increase in Wi-Fi beacon/voice delay of Scheme 2 (25us LBT for NR-U DRS) over Scheme 1 (CAT4 LBT for NR-U DRS)

	5
	150

	25
	57.9

	50
	42.2

	75
	29.3

	95
	21.8


Observation 7: Even in a simple simulation scenario, the percentile delays of latency sensitive messages in Wi-Fi such as beacon/voice increase by 22% to 150% when NR-U uses CAT2 25us LBT for transmission of DRS with 5% duty cycle compared to when NR-U uses CAT4 LBT of channel access priority class 1 for transmission of the DRS.
3 Conclusions
Observation 1: The Short Control Signalling clause in ETSI-BRAN EN 301 893 is likely to have been introduced to accommodate transmission of (H)ARQ feedback that are transmitted immediately after the reception of a packet, since there wasn’t any concept of a COT in earlier versions of EN 301 893. Definition of a COT and hence transmission of such (H)ARQ feedback within the same COT has been provisioned in the later revisions of EN 301 893, and so technically the Short Control Signalling clause is no longer needed to support the probable original intent of introducing the clause.

Observation 2: CAT4 LBT is a better channel access scheme than 25us LBT since it leads to the same latency in a less congested channel and optimal “tunable/adaptable” latency and overall better network performance in a more congested channel.
Observation 3: 25us LBT for LAA DRS uses a higher Energy Detection threshold of -67dBm compared to the nominal LAA Energy Detection threshold of -72dBm for all other transmissions. It is recommended that NR-U DRS too use the same. This means that 25us LBT for NR-U DRS will be more aggressive than 25us LBT in a nominal configuration.   

Observation 4: It is clear from theoretical considerations that the use of 25us LBT for transmission of NR-U DRS will not be fair to the transmission of equivalent messages in Wi-Fi, such as Wi-Fi beacons. The simulations and field tests that currently exist are not sufficient to evaluate the impact of 25us LBT for NR-U DRS transmissions.
Observation 5: If 25us LBT is enabled for NR-U DRS, NR-U nodes, for example in case of standalone deployments may occupy large durations of time with transmissions performed using only 25us LBT. Hence the concern regarding the total DRS airtime as visible to a co-channel Wi-Fi network far exceeding the 5% upper bound is valid for such NR-U configurations and must be addressed.
Observation 6: Use of 25us LBT for NR-U DRS sets up a wrong precedent for access to the unlicensed spectrum. If other technologies too use such aggressive channel access schemes to prioritize their transmissions, the entire system performance will suffer due to increase in channel collision.

Observation 7: Even in a simple simulation scenario, the percentile delays of latency sensitive messages in Wi-Fi such as beacon/voice increase by 22% to 150% when NR-U uses CAT2 25us LBT for transmission of DRS with 5% duty cycle compared to when NR-U uses CAT4 LBT of channel access priority class 1 for transmission of the DRS.

Proposal 1: NR-U should consider using CAT4 LBT and un-slotted access for DRS transmission. 

Proposal 2: If Proposal 1 is not followed, the airtime of transmissions using 25us CAT2 LBT should be reduced. Reduction to 1% of the time can be a reasonable first step.
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