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Introduction
The NR-U WI is in progress in RAN1 [1]. In the RAN1 #98 meeting, several agreements were reached on channel access [2]:
Agreement:
For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.

Agreement:
For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.

Agreement:
For a gNB initiated channel occupancy, for a DL burst without unicast PDSCH and with one or multiple UL grants, and for each set of LBT bandwidths for which a single contention window is maintained, CWS adjustment is based on the success or failure (FFS: CB, CBG, or TB) of reception of PUSCH transmissions in the granted resources
· FFS: Details of CWS adjustment based on the reception of a successful transmission
· FFS: Handling of PUCCH/PRACH/SRS and PUSCH without UL-SCH


This contribution discusses open issues in channel access, some of which are as captured above and in [3].
NR-U Channel Access

COT Sharing Aspects
One issue is LBT indication to a UE prior to transmission of a UL burst within a gNB-initiated COT, for DL-UL gap durations shorter than 25 microseconds. It has already been concluded that if a category 2 LBT with a duration of 25 microseconds is required, no changes to the baseline method as followed in LAA for such LBT are needed. It is considered beneficial to allow the gNB to indicate Cat 2 LBT to the UE. This allows more flexibility in terms of gaps at any point within a COT if gNB does not need to ensure that gaps between 16 and 25 us do not occur. In LAA, Cat 2 LBT is indicated either in the UL grant or inferred from C-PDCCH, however, enhancements compared to LAA can be further considered in NR-U.
· Proposal 1: Cat 2 LBT can be indicated explicitly to the UE if the gap is 16 microseconds (allowing for implementation tolerances).

A second issue relates to the channel access schemes captured in TR 38.889 Table 7.2.1.3.1-3 for a UL burst within a gNB-initiated COT. The note on Cat 1 Immediate transmission is highlighted below.
Table 7.2.1.3.1-3: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
-	When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
-	For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
-	Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 µs. Transmissions from a UE having a gap of more than 16 µs are considered as separate UL bursts. The number of LBT attempts within a COT should be determined when specifications are developed.
The current EN BRAN 301893 specification does not impose any restrictions on the duration of a transmission of a responding device within a shared COT, as per Sec. 4.2.3.2.7:The Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 μs after the last transmission by the Initiating Device that issued the grant.
.
.
.
The Responding Device may perform transmissions on the current Operating Channel for the remaining Channel Occupancy Time. The Responding Device may have multiple transmissions on this Operating Channel provided that the gap in between such transmissions does not exceed 16 μs.


The above text is interpreted as allowing responding device transmissions within the shared COT for the remainder of the MCOT limit. Therefore, it is proposed to update Table 7.2.1.3.1-3 by removing the note within the Cat 1 section.
Proposal 2: Update Table 7.2.1.3.1-3 in 38.889 by removing the note within the Cat 1 section.

Cat 2 LBT aspects
The sensing design for Cat 2 LBT in a 16 µs gap currently has several alternatives for the energy measurement period. The closest counterpart to the NR-U 16 µs gap is the Short Interframe Space (SIFS) used in IEEE 802.11, which does not have a sensing period. For NR-U, the gap should avoid collisions with SIFS-based WiFi transmissions, such as ACKs and Block ACKs. The gap should also avoid collisions with other NR-U transmissions using a 16 µs gap. If an adjacent node (WiFi or NR-U) receives NR-U above the ED threshold, then such collisions will not occur since the node will be deferring for a period longer than 16 µs. If an adjacent node does not receive NR-U above the ED threshold and is transmitting concurrently, then placing the NR-U measurement period anywhere within the 16 µs gap gives the NR-U node a chance to detect the concurrent transmission, i.e., Alt-1 or Alt-3 are sufficient. In Alt-2, two sensing periods are proposed. If the intention is to avoid collisions with WiFi ACKs, then Alt-2 assumes concurrent WiFi transmissions repeatedly end within 1 to 15 µs before the symbol boundary of the last symbol of the NR-U transmission and the ensuing ACK falls anywhere in the gap. This is a low-probability event since WiFi and NR-U are not synchronized. Furthermore, block ACKs can be long enough to be detected with a single sensing period if they are transmitted in the gap.
Proposal 3: Adopt either Alt-1 or Alt-3 for Cat 2 LBT in a 16 µs gap.

Next, Cat 2 LBT has been agreed for at least the following DL and UL transmissions:
· DRS transmissions with duty cycle of 1/20 or less and a duration of at most 1 ms
· UL transmissions following a DL burst within a gNB-initiated COT with a gap of at most 25 us.
· DL transmissions following an UL burst within a gNB-initiated or UE-initiated COT with a gap of at most 25 us.
A related detail is how many subsequent Cat 2 LBT attempts are permissible in the event that the first attempt fails. With regard to DRS, no restrictions are in place for LTE-LAA DRS transmissions that use Cat 2 LBT. Furthermore, even the short control signaling clause in EN BRAN 301893 does not have any restriction on how many consecutive transmissions can be made with Cat 1 LBT, only a limit on the aggregate number. The DRS transmission window with the Y candidate SSB positions (out of which X are actually transmitted) is fixed and does not slide based on LBT outcome. In sub-6 GHz, practical implementations are expected to have X values between 1 to 2. Therefore, restricting Cat 2 LBT attempts for DRS will impede these transmissions, which is particularly deleterious for deployment Scenarios C-E.
Proposal 4: gNB can attempt Cat 2 LBT for any candidate SSB position within the DRS transmission window.

CWS Adjustment
Given the progress on reference DL and UL slots for CWS adjustment, what remains to be finalized is the treatment of HARQ feedback, CBG/wideband aspects, and so forth.
It is well-known that LAA CWS with unicast PDSCH on the DL is increased if at least 80% of the DL HARQ feedback(s) for the reference subframe are NACKs. For the special case of PDCCH-only DL, the CWS is increased if less than 10% of the UL transport blocks scheduled by the eNB using Type 2 channel access procedure are received successfully. In our understanding, this setting was used for the majority of the NR-U coexistence evaluations in TR 38.889. If this understanding is correct and HARQ feedback delay with the above thresholds was also incorporated in these evaluations, then this design should be adopted in the specifications. 
Proposal 5: Reuse the HARQ NACK threshold and UL TB reception threshold from LTE LAA for NR-U DL CWS adjustment, if these settings with HARQ feedback delay were used for the majority of the NR-U coexistence evaluations.


Receiver-Assisted LBT
Receiver-assisted LBT is a potential enhancement that has been proposed for NR-U for the purpose of mitigating collisions due to hidden nodes. In our understanding, receiver-assisted LBT refers to a handshake mechanism between transmitting and receiving nodes prior to the start of data transmissions in each COT (similar to RTS/CTS in WiFi). Therefore, this mechanism is different from longer-term reports from UEs (e.g., CO or LBT statistics) that can also assist the gNB in detecting hidden nodes. 
Two types of receiver-assisted LBT can be envisioned:
1. One or both the transmitter request and the receiver feedback is on a licensed carrier.
2. Both the transmitter request and receiver feedback are sent on unlicensed carrier(s).
Category 1 only applies to NR-U Scenario A and D deployments and not to Scenarios B, C, and E. Therefore, priority should be given to Category 2 solutions that may potentially benefit all NR-U deployment scenarios.
Category 2 implies that each COT has at least two switching points (D->U->D for all-DL burst, U->D->U for all UL burst),  and shared COTs have three or more switching points. In order to transmit an all-DL burst, the UE needs to quickly detect the start of the transmission, process the gNB’s Tx request, and respond with its feedback within 16 us of the end of the Tx request in order to avoid UL LBT, if the RTS/CTS mechanism is mimicked. The following complexities are observed:
Observation 1: With regard to receiver-assisted LBT,
· The initial signal used to detect the start of the burst may be based on (wideband) DM-RS or GC-PDCCH. It is unclear if UE can perform this detection within 16 us.
· If the initial signal is cell-specific (e.g., based on GC-PDCCH DM-RS or payload), then receiver feedback from multiple UEs will be triggered, which can cause unnecessary congestion on the unlicensed carrier. Additional enhancements will be needed if only a particular UE is expected to provide feedback.
Based on the above observations, it is recommended not to support receiver-assisted LBT in Rel-16.
Proposal 6: Receiver-assisted LBT is not introduced in Rel-16.
Summary
In this contribution, we examined channel access for NR-U. The following proposals and observations ensued.
Proposal 1: Cat 2 LBT can be indicated explicitly to the UE if the gap is 16 microseconds (allowing for implementation tolerances).
Proposal 2: Update Table 7.2.1.3.1-3 in 38.889 by removing the note within the Cat 1 section.
Proposal 3: Adopt either Alt-1 or Alt-3 for Cat 2 LBT in a 16 µs gap.
Proposal 4: gNB can attempt Cat 2 LBT for any candidate SSB position within the DRS transmission window.
Proposal 5: Reuse the HARQ NACK threshold and UL TB reception threshold from LTE LAA for NR-U DL CWS adjustment, if these settings with HARQ feedback delay were used for the majority of the NR-U coexistence evaluations.
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