[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #100			R1-2000918
e-Meeting, February 24th – March 6th, 2020

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Remaining issues on sidelink physical layer procedure
[bookmark: Source]Agenda Item:	7.2.4.5
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At RAN1#99 meeting [1], we had many discussions and agreements on NR-V2X WID. There are a few remaining issues to make RAN1 specs completed. In this contribution, we share our views on SL physical layer procedure for NR-V2X including HARQ and CSI acquisition.

2. Discussions
2.1. Cyclic shift on PSFCH
This discussion is the same as in our contribution for structure agenda [2]. In the RAN1#99 meeting, the following working assumption was made for PSFCH resource determination.
	Working assumption:
· For the PSFCH candidate resource set with Z PRBs and Y cyclic shift pairs in each PRB,
· Each PSFCH resource is indexed in the manner of frequency first and cyclic shift second.
· FFS the order of cyclic shift indexing in a PRB.
· PSFCH resource with the index ((K+M) mod (Z*Y)) is used for PSFCH transmission of a RX UE.
· K is the L1 source ID of the associated PSCCH/PSSCH.
· M is 0 for unicast and groupcast feedback option 1 and M is the member ID of the RX UE for groupcast feedback option 2.
· FFS whether to have the following restriction. 
· Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB).
· Note: RAN1 assumes that the member ID M is an integer between 0 and X-1.


The working assumption is captured in 38.213 [3] as follows, where A) m_CS value for a pair and B) association between cyclic shift (CS) pair and the CS pair index are still FFS. It is noted that, CS value  is dependent on .
	[bookmark: _Toc29894885][bookmark: _Toc29899184][bookmark: _Toc29899602][bookmark: _Toc29917338]16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH transmission as  where  is a number of cyclic shift pairs for the resource pool and, based on an indication by higher layers,
-	 and the  PRBs are in one sub-channel 
-	 and the  are located in one or more sub-channels from the  sub-channels
The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. The PSFCH resources are first indexed according to an ascending order of the PRB index, from the  PRBs, and then according to an ascending order of the cyclic shift pair index from the  cyclic shift pairs.  
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a sequence associated with the resource pool [4, TS 38.211], as  where  is a physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.
A UE determines a  value, for computing a value of cyclic shift  [4, TS 38.211], from a cyclic shift pair of a PSFCH resource as in Table 16.6-1. 
Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	First cyclic shift
	Second cyclic shift





Regarding A), two CSs for ACK and NACK should be defined with the largest CS gap. PUCCH format 0 with one bit HARQ-ACK uses  for NACK and  for ACK as illustrated in Fig. 1. There is no reason to change the CS values, where the largest CS gap is provided. Therefore, we propose  for NACK and  for ACK in table 16.6-1.
For B), similarly, available CS pairs and each CS pair index should be defined with CS gap as large as possible. From this reason, discussions are provided per  value. Fig. X is related to these discussions.

In this case, only one CS pair is used; hence,  is sufficient. (CS pair index, ) is defined as (0, 0).

When two CS pairs are available, then the achievable maximum CS gap is three as illustrated in Fig. 3. The gap is provided by using . The order of the two CS pairs is not related to the performance. (CS pair index, ) can be defined as (0, 0) and (1, 3).

When three CS pairs are available, the achievable maximum CS gap is two as illustrated in Fig. 3. The gap is provided by using . As the previous case, the order of the three CS pairs is not related to the performance. (CS pair index, ) can be defined as (0, 0), (1, 2), (2, 4).

 was agreed in the RAN1#99 while  cannot provide CS pairs with equal gap. The reason of the candidate values for  was to make minimum CS gap selectable from 0, 1, 2, 3. In this sense,  is not reasonable. If possible,  should be dropped from NR-SL spec.

When six CS pairs are available, the achievable maximum CS gap is one as illustrated in Fig. 3. The gap is provided by using . It is noted that, the order of the six CS pairs is related to the performance. For example, a UE transmits one traffic with groupcast option 2. Three UEs are RX-UEs with , and they would report HARQ-ACK on PSFCH. The available number of PRBs for the report is one. In this case, the UEs use the adjacent CS pair indices, i.e. CS pair index = 0, 1, 2. To achieve the maximum CS gap for this case, (CS pair index, ) should be defined as (0, 0), (1, 3), (2, 1), (3, 4), (4, 2), (5, 5).
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(a)  for ACK and NACK
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(b)  and CS pair index
Fig. 1: CS list and indices for PSFCH
Observation 1:
· For , the order of the six CS pairs is related to the decoding performance.
· There seems no motivation to support  in NR-SL.
Proposal 1:
· On PSFCH transmission,  for NACK and  for ACK.
· Available CS pairs and index of each CS pair should be defined with CS gap as large as possible.
· Apply the following TP:
	38.213
16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH transmission as  where  is a number of cyclic shift pairs for the resource pool and, based on an indication by higher layers,
-	 and the  PRBs are in one sub-channel 
-	 and the  are located in one or more sub-channels from the  sub-channels
The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. The PSFCH resources are first indexed according to an ascending order of the PRB index, from the  PRBs, and then according to an ascending order of the cyclic shift pair index from the  cyclic shift pairs.  values used for the  cyclic shift pairs are indexed for each  value as in table X.
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a sequence associated with the resource pool [4, TS 38.211], as  where  is a physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.
A UE determines a values  and  value, for computing a value of cyclic shift  [4, TS 38.211], where  is determined from the PSFCH resource index and  is determined from a cyclic shift pair of a PSFCH resource as in Table 16.6-1. 
Table X: Indexing of cyclic shift pairs for PSFCH resources
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Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	First cyclic shift 
	Second cyclic shift 



38.211
[bookmark: _Toc29230455]8.3.4.2	PSFCH format 0
[bookmark: _Toc11324487][bookmark: _Toc29230456]8.3.4.2.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with the following exceptions:
-	 is given by clause XXX of [5, TS 38.213];
-	 is given by clause XXX of [5, TS 38.213];
-	 is the OFDM symbol number in the PSFCH transmission where  corresponds to the first OFDM symbol of the PSFCH transmission;
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213]




2.2. CSI reference resource
At the RAN1#99 meeting, the following agreements were made for CSI-RS transmission.
	Agreements:
· SL CSI-RS is transmitted by a UE only if: 
· when the corresponding PSSCH is transmitted (as agreed before) by the UE, and,
· when SL CQI/RI reporting is enabled by higher layer signaling, and 
· when enabled, if the corresponding SCI by the UE triggers the SL CQI/RI reporting 


CSI-RS is transmitted with SCI triggering CSI reporting according to the above agreements. One remaining issue is CSI reference resource for CSI reporting. In the above CSI-RS triggering mechanism, the natural solution seems that CSI for a CSI report is measured based on the CSI-RS corresponding to the SCI triggering the CSI report. 
However, if CSI report is triggered multiple times before reported, which should CSI-RS be used? This case is illustrated in Fig. 2. One CSI request is received from UE#A, and another CSI request is received from UE#A as well. In SL operation, TX collision between multiple UEs on the same resource is a possible case. In consideration of TX collision, i.e. CSI triggering failure, multiple CSI request from a UE to the same UE seems feasible. Then, the two CSI triggers would be received by the UE. Following options are considerable:
· Option 1: Measure CSI based on the 1st CSI-RS
In this option, CSI report can be done earlier since the report is not related to the 2nd trigger. Meanwhile, CSI measured based on the old CSI-RS is not good choice from accuracy perspective.
· Option 2: Measure CSI based on the 2nd CSI-RS
More accurate CSI can be reported by this option. On the other hand, CSI measurement/reporting require some time to process. CSI reporting will be delayed, which may lead to SL TX with higher latency.
· Option 3: Measure CSI based on the 2nd CSI-RS if time is allowed; otherwise, based on the 1st CSI-RS
This option is the mixture of option 1 and option 2. CSI is measured based on CSI-RS as latest as possible. Good balance between faster reporting and more accurate CSI.
According to the above analysis, and the next discussion (i.e. CSI reporting timing), we prefer option 3 to option 1 and option 2 for CSI reference resource. The detailed time is related to the next discussion.
[image: ]
Fig. 2: Reception of two CSI triggers from the same UE
Observation 2:
· CSI reference resource should be defined in consideration of the case that CSI report is triggered multiple times before reported.
Proposal 2:
· CSI reference resource of a CSI report is the latest CSI-RS among CSI-RSs from the UE where CSI report based on the CSI-RS is satisfied with time requirement of the CSI report. 


2.3. CSI reporting timing
CSI reporting is triggered by UE#A to UE#B, and the reporting resource will be selected by UE#B. In this case, one concern about this reporting mechanism is that TX-UE cannot know when the RX-UE reports the SL-CSI report. When TX-UE does not receive the SL-CSI report shortly, the SL-CSI report trigger may be failed, the SL-CSI report reception may be failed, or just the RX-UE may postpone the SL-CSI report. TX-UE cannot distinguish them. If SL-CSI reporting triggering or SL CSI reporting is failed, TX-UE will retrigger or transmit SL data with low coding rate to satisfy the PDB.
	R1-1913695 (reply LS to RAN2)
Regarding Sidelink CSI Reporting MAC CE agreed in RAN2, in order to avoid reporting an outdated CQI/RI, RAN1 is of the opinion that CQI/RI needs to be sent within a latency bound subject to the availability of its transmission (e.g., prioritization, congestion control, etc.). RAN1 agreed that the latency bound for Sidelink CSI Reporting MAC CE is configurable within a range of 3 – 20 ms, expressed in slots, where RAN1 will decide how the value is configured in the next meeting. RAN1 assumes that any MAC CE based reporting of CQI/RI will follow the same procedure in terms of sidelink resource allocation framework defined by RAN1, i.e. it is expected to be transparent to the physical layer.


In the email discussion after RAN1#99 meeting, LS including the above was agreed. For CSI reporting timing, further discussions will be done in this RAN1 meeting. Two aspects are the remaining issues:
· How is the value of latency bound for CSI report configured?
Required bound is dependent on each PDB. When multiple services are considered, PDB would be different among services and/or UEs. Fixed and/or common value is not desirable solution for the latency bound. Meanwhile, PC5-RRC signalling seems a good choice. SL-CSI reporting is available only for unicast transmission, where PC5-RRC signalling can be used. CSI-RS configuration is delivered on PC5-RRC signalling. The same solution seems reasonable.
· Which timing is the start timing to consider the latency bound?
As discussed in the previous section, multiple CSI triggers could be received from a UE. In this case, clarification of the start timing for the report latency bound is needed for triggering UE (UE#A) to know the understanding at the triggered UE (UE#B). When the start timing is the received trigger, some trigger may be failed, and then different understanding between UE#A and UE#B occurs. Further consideration is needed for this point.
Proposal 3:
· Latency bound of CSI report is PC5-RRC configured.
· CSI report window based on latency bound should not be started from the triggering reception.


2.4. PSFCH TX overlap to a UE
	RAN1#98
Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2
RAN1#99
Working assumption:
· One PSFCH transmission can include up to X HARQ-ACK bits.
· X=1
Agreements:
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE), 
· For PSFCH resource period N=2 and 4, 
· Solution of Case 2 applies, i.e., select M PSFCH(s) transmissions at least based on priority rule.


The above agreements were made at the RAN1#98 and the RAN1#99 meeting. In Case 2 and Case 3, M PSFCHs with higher priority are transmitted simultaneously. Case 2 and Case 3 are captured in 38.213; however, multiple PSFCH transmissions are not captured. To align with the agreements, spec modification is necessary. The number of M is dependent on RAN4 decision and it will be included in UE capability. Reference is still unclear; hence, we propose the following TP.
Proposal 4:
· Apply the following TP.
	38.213
16.2.4.2	Simultaneous PSFCH transmission/reception
[...]
If a UE 
-	would transmit a first PSFCH to a first UE and a second PSFCH to a second UE, and
-	a transmission of the first PSFCH would overlap in time with a transmission of the second PSFCH
the transmits only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI format 0_1 [5, TS 38.212] that are respectively associated the first PSFCH and the second PSFCH. When more than two PSFCH transmissions would be overlapped in time, the UE transmits M1 PSFCHs with the highest priorities, where M1 value is provided in [XXX].
If a UE 
-	would transmit a first PSFCH and a second PSFCH to another UE, and
-	a transmission of the first PSFCH would overlap in time with a transmission of the second PSFCH
the UE transmits only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI format 0_1 that are respectively associated the first PSFCH and the second PSFCH. When more than two PSFCH transmissions would be overlapped in time, the UE transmits M2 PSFCHs with the highest priorities, where M2 value is provided in [XXX].




2.5. Group size restriction for groupcast-option 2
	Working assumption:
· For the PSFCH candidate resource set with Z PRBs and Y cyclic shift pairs in each PRB,
· Each PSFCH resource is indexed in the manner of frequency first and cyclic shift second.
· FFS the order of cyclic shift indexing in a PRB.
· PSFCH resource with the index ((K+M) mod (Z*Y)) is used for PSFCH transmission of a RX UE.
· K is the L1 source ID of the associated PSCCH/PSSCH.
· M is 0 for unicast and groupcast feedback option 1 and M is the member ID of the RX UE for groupcast feedback option 2.
· FFS whether to have the following restriction. 
· Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB).
· Note: RAN1 assumes that the member ID M is an integer between 0 and X-1.


At the RAN1#99 meeting, the above working assumption was reached for PSFCH resource determination. One remaining issue is the last FFS part, i.e. whether groupcast option 2 can be used when X > Z*Y or not. In our understanding, definitely option 2 should not be allowed for the case of X > Z*Y.
It is noted that groupcast option 2 is motivated from DTX detection. In option 1, PSFCH resource is shared, and DTX cannot be detected. In option 2, each UE uses different PSFCH resource, and the UE receiving the PSFCHs can differentiate ACK/NACK/DTX. If groupcast option 2 is applied when X > Z*Y, the number of the corresponding PSFCH resources is insufficient, and PSFCH collision occurs among member UEs. The motivation of option 2 is lost in this case. To avoid such a strange situation, we propose the following.
Proposal 5:
· Groupcast HARQ feedback option is not used if X > Z*Y.


3. Conclusion
In this contribution, we discussed the remaining issues on SL physical layer procedure. Proposals are summarized as following: 
Observation 1:
· For , the order of the six CS pairs is related to the decoding performance.
· There seems no motivation to support  in NR-SL.
Proposal 1:
· On PSFCH transmission,  for NACK and  for ACK.
· Available CS pairs and index of each CS pair should be defined with CS gap as large as possible.
· Apply the following TP:
	38.213
16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH transmission as  where  is a number of cyclic shift pairs for the resource pool and, based on an indication by higher layers,
-	 and the  PRBs are in one sub-channel 
-	 and the  are located in one or more sub-channels from the  sub-channels
The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. The PSFCH resources are first indexed according to an ascending order of the PRB index, from the  PRBs, and then according to an ascending order of the cyclic shift pair index from the  cyclic shift pairs.  values used for the  cyclic shift pairs are indexed for each  value as in table X.
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a sequence associated with the resource pool [4, TS 38.211], as  where  is a physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.
A UE determines a values  and  value, for computing a value of cyclic shift  [4, TS 38.211], where  is determined from the PSFCH resource index and  is determined from a cyclic shift pair of a PSFCH resource as in Table 16.6-1. 
Table X: Indexing of cyclic shift pairs for PSFCH resources
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Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	First cyclic shift 
	Second cyclic shift 



38.211
8.3.4.2	PSFCH format 0
8.3.4.2.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with the following exceptions:
-	 is given by clause XXX of [5, TS 38.213];
-	 is given by clause XXX of [5, TS 38.213];
-	 is the OFDM symbol number in the PSFCH transmission where  corresponds to the first OFDM symbol of the PSFCH transmission;
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213]


Observation 2:
· CSI reference resource should be defined in consideration of the case that CSI report is triggered multiple times before reported.
Proposal 2:
· CSI reference resource of a CSI report is the latest CSI-RS among CSI-RSs from the UE where CSI report based on the CSI-RS is satisfied with time requirement of the CSI report. 
Proposal 3:
· Latency bound of CSI report is PC5-RRC configured.
· CSI report window based on latency bound should not be started from the triggering reception.
Proposal 4:
· Apply the following TP.
	38.213
16.2.4.2	Simultaneous PSFCH transmission/reception
[...]
If a UE 
-	would transmit a first PSFCH to a first UE and a second PSFCH to a second UE, and
-	a transmission of the first PSFCH would overlap in time with a transmission of the second PSFCH
the transmits only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI format 0_1 [5, TS 38.212] that are respectively associated the first PSFCH and the second PSFCH. When more than two PSFCH transmissions would be overlapped in time, the UE transmits M1 PSFCHs with the highest priorities, where M1 value is provided in [XXX].
If a UE 
-	would transmit a first PSFCH and a second PSFCH to another UE, and
-	a transmission of the first PSFCH would overlap in time with a transmission of the second PSFCH
the UE transmits only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI format 0_1 that are respectively associated the first PSFCH and the second PSFCH. When more than two PSFCH transmissions would be overlapped in time, the UE transmits M2 PSFCHs with the highest priorities, where M2 value is provided in [XXX].


Proposal 5:
· Groupcast HARQ feedback option is not used if X > Z*Y.
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