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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Two liaisons were received by RAN1 with questions on the intended use of LBT for NR-U, based on text developed for TR38.889 [1] and based on contributions submitted to 3GPP by companies as proposals for NR-U. The LS from ETSI BRAN [2] first clarified the rule for using a paused COT in EN 301 893 [3], and informed RAN1 about a proposal received by ETSI BRAN for revising the rule for allowing short control signaling transmissions. 
The LS from the IEEE 802.11 WG [4] more specifically asked RAN1 about the intended LBT for the transmission of DRS with NR-U, emphasizing potential coexistence issues if the use of short LBT was expanded beyond DRS to other signals or channels, and in case of multiple NR-U networks transmitting DRS asynchronously. This paper discusses the above points one-by-one, and proposes some elements of response to the IEEE 802.11 WG.
[bookmark: _Ref129681832]Discussion on “no LBT” for short control signaling transmissions
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]TC BRAN informed RAN1 that it had received a proposal [5] to (1) ban the use of no LBT transmissions and (2) to restrict the use of short LBT transmissions so that it can only be used 1% of time rather than 5% as currently defined in the clause on Short Control Signaling Transmissions. The IEEE802.11 WG has asked 3GPP whether such proposal is considered especially for the transmission of DRS.
It is to be understood that the proposal to ban the use of no LBT transmissions only applies to the exception granted for short control signaling transmissions, but not to the continuation of a COT by a responding device less than 16 us after the end of the preceding transmission.
LTE-LAA DRS needs to use the clause for short control signal to be compliant in Europe, but additionally requires a short LBT before the transmission of DRS, although the clause in EN 301 893 allowed no LBT for this exception. The same would apply to NR-U for the transmission of DRS using Cat 2 LBT, where the transmissions are limited within a DMTC. Transmission of a 1 ms DRS every 20 ms reaches the 5% limit granted by the exception. Reducing this limit to 1% would allow the DRS to be transmitted only once every 100 ms, which would impact the quality of RRM measurements.
Discussion on short LBT for other signals or channels than DRS
In their LS to RAN1, IEEE 802.11 emphasized proposals submitted to RAN1 for the design of NR-U for:
· Transmission of DRS by the gNB up to 5% of the time when the total duration of such transmissions is up to 1 ms 
· UEs to use short LBT for Random Access, HARQ-ACK, Scheduling Request, Channel State Information, etc. 
It was unclear whether recent evolutions of 802.11 standards are also allowing or exploring the use of more short LBT, although the LS noted that “the simulations also do not appear to model the impact if 802.11ax (or some other systems) suddenly making more use of short LBT too”. The transmission of DRS is addressed in section 4.
The use of short LBT for other signals or channels was discussed and RAN1 concluded that Cat 2 LBT is not used for initiating a UE transmission outside of a gNB COT for PUSCH (with or without UCI), SRS-only, PUCCH-only (or any combination of them), while not precluding the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths.
For signals and channels that are more critical for the system operation, a higher priority class could be used with Cat4 LBT. Further discussions are needed in RAN1 to conclude on those proposals. In any case, if such short LBT was allowed for other DL signals than DRS, then those transmissions would count in the 5% allowance together with the DRS. The impact on the performance of RRM measurements should therefore be considered in this decision, as it would only allow less than 5% duty cycle for the DRS.
The following agreements were reached at RAN1#96:
Agreement:
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

[bookmark: _Ref792626]Discussion on channel access for DRS
The IEEE 802.11 WG is asking RAN1 to consider the proposed revisions on the short control signaling transmissions submitted to ETSI BRAN, or to consider the use of Category 4 LBT for the transmission of DRS for NR-U. The IEEE 802.11 WG expressed a concern that the use of short LBT for DRS may be problematic particularly if multiple DRSs were sent by multiple gNBs operating independently on the same channel, i.e. if those gNBs do not have synchronized occasions for transmitting the DRS. While gNBs deployed by the same operator would normally be synchronized, the concern seems to stem for the support of standalone NR-U operation where more than a few (2 or 3) uncoordinated operators could be operating standalone NR-U networks in the same area.
RAN1 is assuming that the same mechanism as for LTE-LAA DRS will be used for NR-U DRS. It should be noted that Wi-Fi Beacon can transmit almost any time once LBT succeeds within the beacon transmission interval. However, the potential transmission position of NR-U DRS is quite limited, e.g. every half slot within a DRS transmission window. Coexistence of LAA or NR-U DRS with Wi-Fi beacon is somewhat similar to coexistence between FBE and LBE. In high traffic load FBE will not be able to access the channel as much as LBE, so in all likelihood in such cases attempts would be made to transmit data and DRS together with an access based on Cat4 LBT, but if there is no data to be transmitted then in all likelihood DRS will not be transmitted and the network will switch to a less loaded operating channel. In low load it should not be problematic to use up to 5% duty cycle with short LBT, but if many networks transmit DRS in uncoordinated manner, then once a network has data to transmit it will likely switch to a less loaded operating channel once it is observed that CCA is frequently unsuccessful. 
It has been suggested that 3GPP should depart from the synchronized and scheduled nature of transmissions used for NR and LTE. However 3GPP needs to consider not only the probability of successful transmission of DRS, but also constraints on implementations. It is beneficial for the 3GPP ecosystem to reuse UE implementations and for specifications development to be able to reuse mechanisms specified in Rel-15 NR, such as RRM measurements and the related requirements. The choice to go to a fully unsynchronized type of operation for NR-U may have significant impact on UE and network implementations. While carefully considerations are needed for the design of NR-U, limiting the transmission opportunities for DRS within a periodic DMTC window should relieve concerns about using Cat2 LBT for DRS.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The discussion in this paper provides some elements of response to the LS from the IEEE 802.11 WG, as well as considerations for the specification work on NR-U in 3GPP.
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