3GPP TSG RAN WG1 Meeting #97  			                                                                 	R1-1907122
Reno, NV, May 13th – 17th, 2019
[bookmark: Source]Agenda Item:	7.2.2.2.1
Source:	Charter Communications
Title:	Remaining Aspects of Channel Access
[bookmark: DocumentFor]Document for:	Discussion/Approval

Introduction
The NR-U WI is in progress in RAN1 [1]. In the RAN1 #96BIS meeting, several agreements were reached on channel access [2]:
Conclusion:
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

Agreement:
The following agreement from the SI is updated as shown:
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	[bookmark: _Hlk5777585]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
[bookmark: _Hlk5777630]Cat4 with any channel access priority class value can be used 

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



Agreement:
For a UCI-only transmission on PUSCH in a channel occupancy initiated by the UE, Cat4 with lowest channel access priority class value can be used by the UE

Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap durations shorter than 25 microseconds, choose one of the following alternatives
· Alt 1: Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
· Alt 2: Cat 2 LBT is not indicated to the UE for gaps less than 25 microseconds
· Notes (applicable to both alternatives): 
· This means that the gNB ensures that gaps between 16 and 25 microseconds do not occur
· This doesn’t change the previous agreement for Cat 1 and Cat 2 LBT for gaps of 16 microseconds or less
· FFS: Conditions on channel occupancy after a Cat. 1 or Cat. 2 LBT after a gap of 16 microseconds or less


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: Support Alt. 1, i.e., Cat 2 LBT can be indicated 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.

Number of Cat 2 LBT attempts
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. Therefore, restricting Cat 2 LBT attempts for DRS will impede these transmissions, which is particularly deleterious for deployment Scenarios C-E.
Proposal 3: gNB can attempt Cat 2 LBT for any candidate SSB position within the DRS transmission window.

Wideband LBT
The exact design of wideband operation in carriers wider than 20 MHz is awaiting inputs from RAN4 regarding feasibility of non-contiguous transmission across sub-band clusters. RAN4 has classified wideband operation into the following categories [4]:
· Mode 1: LBT is successful in all LBT sub-bands
· Mode 2: LBT is successful in a subset of the LBT sub-bands which are contiguous
· Mode 3: LBT is successful in a subset of the LBT sub-bands which are non-contiguous
[bookmark: _GoBack]Setting aside RAN4 discussions on feasibility, spectral masks, and guard-band restrictions for Modes 2 and 3, wideband LBT should be designed as follows. Both Type-A and Type-B multicarrier LBT on LBT sub-bands of 20 MHz for 5 GHz are applicable for all three modes. This will ensure consistency in coexistence with WiFi, LTE-LAA, and CA-based multi-carrier NR-U. 
Proposal 4: Both Type-A and Type-B multicarrier LBT on LBT sub-bands of 20 MHz for 5 GHz are applicable for all three modes of wideband operation.

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 5: 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: Support Alt. 1, i.e., Cat 2 LBT can be indicated 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: gNB can attempt Cat 2 LBT for any candidate SSB position within the DRS transmission window.
Proposal 4: Both Type-A and Type-B multicarrier LBT on LBT sub-bands of 20 MHz for 5 GHz are applicable for all three modes of wideband operation.
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.
Proposal 5: Receiver-assisted LBT is not introduced in Rel-16.
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