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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
In RAN2 #120bis, the following agreements have been made regarding the LBT in SL-U. This paper will further discuss the RAN2 work on LBT aspect. 
=> RAN2 will study whether/how LCP is impacted from COT sharing.  
Discussion on UE processing timeline 
Here there are two processing threads, one is the thread for the resource (re)selection and PDU generation as in legacy, and the other is the LBT check (type-1 or type-2).
Time for resource (re)selection:
Based on TS 38.214 clause 8.1.4, resource selection window is defined as [n+T1, n+T2], where 
· T1 is up to implementation, and 0 <= T1 <= T_proc,1 (for 30kHz, T_proc,1 = 5 slots), and 
· T2 is also up to implementation, and <= PDB. And for multi-shot resource reservations, the reserved resource may be after multiple periodicities on top of the current resource selection window.
Time for PDU generation / LCP
Based on TS 38.214 clause 8.6 (although the requirement comes from mode-1, we borrow it here for mode-2 as well), up to T_proc is needed for UE PDU generation and L1 processing (for 30kHz, T_proc = 13 symbols).
Time for Type-1 LBT
Based on the agreed CAPC table, i.e., as TS 37.213 clause 4.2.1, we can get a general view of the possible value of type-1 LBT check, yet due to the various randomness during the type-1 LBT (due to the uncertainty of N_init, N countdown, p and etc..) 
Still, if we take 30kHz as an example, then
	CAPC
	M_p
	CW_min
	CW_max
	allowed CW
	A
	B
	C
	D

	1
	2
	3
	7
	{3,7}
	1.7 
	2.7 
	4.6 
	9.4 

	2
	2
	7
	15
	{7,15}
	2.7 
	4.7 
	9.4 
	19.0 

	3
	3
	15
	1023
	{15,31,63,127,255,511,1023}
	5.0 
	259.2 
	23.1 
	1492.1 

	4
	7
	15
	1023
	{15,31,63,127,255,511,1023}
	6.0 
	260.3 
	39.2 
	2525.3 


Where A-D are four example procedures, for which the consumed time (in symbols) is calculated
A: N_init = CW_min, N count down without busy slot detected
B: N_init = CW_max, N count down without busy slot detected
C: N_init = CW_min, every N count down includes a single busy slot detected
D: N_init = CW_max, every N count down includes a single busy slot detected
Time for type-2 LBT (COT sharing)
Based on the agreed CAPC table, i.e., as TS 37.213 clause 4.2.1, there is an upper limit of each COT, which however is CAPC-specific, in the range from 2ms (for CAPC=1) to 6ms (for CAPC = 3/4, and 10ms is still FFS).


Figure 1 An example of UE processing timeline
NOTE: The figure does not intend to restrict the order of different operations, but just to give an example given the feasible latency range. 
So based on the analysis and the figure here, it can be observed
[bookmark: _Toc127260340]It is possible that UE initially starts a type-1 LBT procedure, and later observes an available COT covering the reserved resource. 
[bookmark: _Toc127260341]It is possible that PDU generation is done after type-1 LBT being initiated.
[bookmark: _Toc127260342]It is possible that PDU generation is done before or after type-2 LBT / COT sharing information being available.

Issue-1: Due to Observation-1, the issue is how UE should behave when COT info being available after type-1 LBT has been initiated.
Since COT sharing requires type-2 LBT only, UE does not have to pass the type-1 LBT check to use the resource. In this case, UE has two options
1. UE continues type-1 LBT
2. UE relies on COT-sharing, i.e., type-2 LBT
2 is easier than 1 from LBT checking perspective, yet is more restrictive than 1, since 2 must satisfy the COT sharing restriction rule, on both destination selection and CAPC selection, i.e., the COT may require a CAPC p1’ which is less than the CAPC p1 that was used for type-1 LBT check, yet UE may fail to satisfy p1’ anyway, e.g., if the reserved resource is for a re-transmission for which LCP change cannot help.
Yet this issue can be a R1-centric issue, so that may be better to leave it to R1 to decide.
[bookmark: _Toc127541269]If UE observes available COT initiated by other UEs covers the reserved resource, for which the type-1 LBT has been initiated already, R2 relies on R1 to decide whether 1) UE continues the type-1 LBT, or 2) UE relies on COT-sharing, i.e., type-2 LBT.

Issue-2: Due to Obervation-2, the issue is how the UE should behave if the buffer status changes after type-1 LBT has been initiated
The issue is: initially when UE initiates type-1 LBT, it is based on an assumed CAPC p1, yet later, that assumption may become invalid, due to the buffer status change, e.g., it may change to p2. 
If p2 <= p1, there seems no problem. Else, if p2 > p1, there seem several options. 
1. Do nothing. This is aligned with NR-U, i.e., when the UE buffer status may change after the type-1 LBT has been initiated (i.e., the CAPC change is not due to DCI reception)
2. Keep the on-going type-1 LBT, and later during LCP, exclude the data with CAPC > p1;
3. Initiate another type-1 LBT using the updated p2, which seems aligned with NR-U rule in the following case (i.e., the CAPC change is due to the DCI reception). 
4.2.1.0.2	Conditions for maintaining Type 1 UL channel access procedures
If a UE receives a DCI indicating a UL grant scheduling a PUSCH transmission using Type 1 channel access procedures or indicating a DL assignment scheduling a PUCCH transmission using Type 1 channel access procedures, and if the UE has an ongoing Type 1 channel access procedures before the PUSCH or PUCCH transmission starting time:
-	If the UL channel access priority class value p_1 used for the ongoing Type 1 channel access procedures is same or larger than the UL channel access priority class value p_2 indicated in the DCI, the UE may transmit the PUSCH transmission in response to the UL grant by accessing the channel by using the ongoing Type 1 channel access procedure.
-	If the UL channel access priority class value p_1 used for the ongoing Type 1 channel access procedure is smaller than the UL channel access priority class value p_2 indicated in the DCI, the UE shall terminate the ongoing channel access procedure.
[bookmark: _Toc127541270]For type-1 LBT, if UE observes buffer status change after LBT initiation (i.e., before MAC PDU generation), which leads to a higher CAPC than the value used for type-1 LBT, R2 discuss whether to handle this issue, and if yes, how to handle it, e.g., 1) rely on LCP change, or 2) Initiate an new type-1 LBT procedure using the updated CAPC. 

Issue-3: Due to observation-3, the issue is the CAPC restriction by the COT is not aligned with the CAPC based on the latest buffer status.
The issues: based on the buffer status, the applicable CAPC is p1, yet based on the COT sharing rule, the required CAPC is p2 
If p2 >= p1, there seems no problem. Else, if p2 < p1, there seem two options. 
· If PDU generation is done before COT info being available, e.g., for re-transmission, the UE anyway cannot rely on LCP to adjust the data CAPC
· Or if PDU generation is done after COT info being available, e.g., for new transmission, the UE can rely on LCP to adjust the data CAPC
[bookmark: _Hlk127443926][bookmark: _Toc127541271]For type-2 LBT (i.e., due to COT sharing case), if the responding UE has not generated the PDU, the LCP should be done to satisfy CAPC requirement due to the COT. Otherwise, if the UE has generated the PDU (e.g., for retransmission case) which does not satisfy the CAPC requirement due to the COT, or there is no data available in the buffer that satisfy the CAPC requirement due to the COT, the responding UE drop the grant. 
Conclusion
We have the following observations:
Observation 1	It is possible that UE initially starts a type-1 LBT procedure, and later observes an available COT covering the reserved resource.
Observation 2	It is possible that PDU generation is done after type-1 LBT being initiated.
Observation 3	It is possible that PDU generation is done before or after type-2 LBT / COT sharing information being available.

We have the following proposals:
Proposal 1	If UE observes available COT initiated by other UEs covers the reserved resource, for which the type-1 LBT has been initiated already, R2 relies on R1 to decide whether 1) UE continues the type-1 LBT, or 2) UE relies on COT-sharing, i.e., type-2 LBT.
Proposal 2	For type-1 LBT, if UE observes buffer status change after LBT initiation (i.e., before MAC PDU generation), which leads to a higher CAPC than the value used for type-1 LBT, R2 discuss whether to handle this issue, and if yes, how to handle it, e.g., 1) rely on LCP change, or 2) Initiate an new type-1 LBT procedure using the updated CAPC.
Proposal 3	For type-2 LBT (i.e., due to COT sharing case), if the responding UE has not generated the PDU, the LCP should be done to satisfy CAPC requirement due to the COT. Otherwise, if the UE has generated the PDU (e.g., for retransmission case) which does not satisfy the CAPC requirement due to the COT, or there is no data available in the buffer that satisfy the CAPC requirement due to the COT, the responding UE drop the grant.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] TS 38.321 Medium Access Control (MAC) protocol specification V17.1.0 
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