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1. Introduction
At RAN1#100-e meeting [1], we had many discussions via email and many agreements were reached for 5G V2X with NR-SL WID. There are a few remaining issues to make RAN1 specifications completed. In this contribution, we share our views on SL RA mechanism mode 1 for 5G V2X with NR-SL, including HARQ report on UL and DCI contents.


2. Discussions
2.1. PSFCH-to-HARQ timing indication
2.1.1. Async case between Uu and SL
	RAN1#99
Working assumption:
· The timing of the PUCCH used for conveying SL HARQ is indicated in DCI or RRC (only for transmissions without a DCI) in terms of PSFCH-to-PUCCH physical slots, where the slot duration is defined based on the PUCCH SCS. 
· Note: it is not intended to define any new sync requirements for gNBs
RAN1#100-e
Agreements:
· The working assumption from RAN1#99 is confirmed.
· To derive the time of SL HARQ-ACK to the gNB the timing of Uu is used (i.e., assuming that the SL and the Uu timing are the same).


At the last e-meeting, the working assumption of RAN1#99 was confirmed and it was agreed that Uu timing is used to determine feedback slot. Although there were discussions of how to capture these agreements, the conclusion was no TP in the e-meeting since a concern was raised.
The concern is SL scheduling issue due to resource pool configuration and offset between Uu carrier and SL carrier. In our understanding, the concern is involved with not only feedback on UL but also SL scheduling itself. Let us use the examples illustrated in Fig. 1. Async case between Uu carrier and SL carrier is assumed. gNB schedules SL resource. In this case, UE uses the first slot in the resource pool that does not start earlier than the gNB’s intended timing. Here, let us assume resource pool configuration that includes not all slots in a carrier but a part. 
Firstly, in case 1, gNB scheduled SL resource with slot offset KSL = 1. The slot#0 in DFN0 is the corresponding SL slot included in the resource pool. The UE transmits PSCCH/PSSCH on the scheduled resource in the slot#0 of DFN0.
Secondly, in case 2 as well, gNB scheduled SL resource with slot offset KSL = 1. However, the first slot in the resource pool that does not start earlier than the gNB’s intended timing is the next slot of the determined slot in case 1. In other words, scheduled SL slot depends on the resource pool configuration and offset between Uu carrier and SL carrier.
Thirdly, in case 3, gNB scheduled SL resource with slot offset KSL = 2. Offset between Uu carrier and SL carrier is the same as in case 2. As abovementioned, the actuallly scheduled slot in case 2 is the next slot of that determined in case 1. That is, the scheduling of case 2 is collided with that of case 3. gNB assumes different slots between case 2 and case 3, and the same frequency-domain resource would be scheduled. However, actually both transmissions are overlapped, as a result, the decoding will be failed.
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Fig. 1: SL scheduling issue due to resource pool configuration and
 offset between Uu carrier and SL carrier.
Considering such a situation, system does not work in the above examples. To address this issue, offset between Uu carrier and SL carrier shall be less than one slot. If the offset is less than one slot, the scheduled slot is not overlapped with other scheduling at all. In LTE, an indication of offset for DFN determination is supported as below so that the offset is less than one slot. eNB provides valid offsetDFN. It is noted that, offset can be zero when the resource pool is configured with all slots in a carrier. Because, the above discussed scheduling issue does not occur in this case, even with the offset over one slot. Scheduling offset between gNB’s intention and the actually scheduled slot is less than one slot.
	36.331
[bookmark: _Toc518998759]5.10.14	DFN derivation from GNSS
When the UE selects GNSS as the synchronization reference source, the DFN used for V2X sidelink communication is derived from the current UTC time, by the following formulae:
DFN= Floor (0.1*(Tcurrent –Tref–offsetDFN)) mod 1024
SubframeNumber= Floor (Tcurrent –Tref–offsetDFN) mod 10
Where:
Tcurrent is the current UTC time that obtained from GNSS. This value is expressed in milliseconds;
Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900). This value is expressed in milliseconds;
OffsetDFN is the value offsetDFN if configured, otherwise it is zero. This value is expressed in milliseconds.
NOTE:	In case of leap second change event, how V2X UE obtains the scheduled time of leap second change to adjust Tcurrent correspondingly is left to UE implementation. How V2X UE handles the sudden discontinuity of DFN is left to UE implementation.


The above mechanism has already been captured in the current 38.331 as well. Therefore, the same assumption as in LTE is valid.
In the above assumption, there seems to be no concern. We believe that the following TP, which was almost agreed in the e-meeting, can be adopted. The TP should be supported to conclude this topic.
Observation 1:
· Under resource pool configuration that includes not all slots in a carrier but a part, SL scheduling does not work if the offset between Uu carrier and SL carrier is one slot or more.
· In both LTE and NR, OffsetDFN can be configured so that the offset is less than one slot.
· SL scheduling works well without the offset restriction if the resource pool is configured with all slots in a carrier.
Proposal 1:
· Apply the following TP to TS 38.213.
	[bookmark: _Toc29894887][bookmark: _Toc29899186][bookmark: _Toc29899604][bookmark: _Toc29917340][bookmark: _Toc36498215]16.5	UE procedure for reporting HARQ-ACK on uplink
[…]
With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending in slot , the UE provides the generated HARQ-ACK information in a PUCCH transmission within slot , subject to the overlapping conditions in Clause 9.2.5, where  is a number of slots indicated by a PSFCH-to-HARQ_feedback timing indicator field, if present, in a DCI format indicating a slot for PUCCH transmission to report the HARQ-ACK information, or  is provided by sl-ACKToUL-ACK.  corresponds to a last slot for a PUCCH transmission that would overlap with the last PSFCH reception occasion assuming that the starting time of the frame for sidelink transmission is given by the starting time of the frame for the downlink reception.
[…]




2.1.2. Processing time for HARQ feedback on UL
For SL feedback on UL, sufficient time gap between PSFCH and the corresponding PUCCH is definitely necessary as PDSCH processing time, PUSCH preparation time, etc. in NR-Uu. PSFCH processing time and PUCCH preparation time might be different among UEs, and then UE capability agenda could treat the value of the required processing time for each UE.
However, at least the definition of the processing time (i.e. which time gap shall be larger than the defined processing time) should be discussed here and clearly specified in specification. As agreed at the last e-meeting, PUCCH timing is determined based on Uu carrier timing, i.e. the nominal PSFCH timing. In this case, time gap between the actual PSFCH and the corresponding PUCCH is unknown to gNB. If the processing time is defined for the time gap between the nominal PSFCH and the corresponding PUCCH, the actual time gap may be insufficient for the processing time.
To address this issue, the processing time can be defined based on the maximum PSFCH offset between the nominal PSFCH and the actual PSFCH. This is the same as the maximum SL scheduling offset from Uu carrier. It is noted that, valid scheduling offset is less than one slot as discussed in the previous section. Examples are provided in Fig. 2. Example 1 is the case that SL carrier is minimally earlier than UL carrier. As seen in Example 1, the PSFCH offset is almost one slot but less than one slot. To ensure this situation, the processing time can be defined as time from T_PSFCH + T_slot, where T_PSFCH is the end time of the nominal PSFCH, and T_slot is the SL slot duration. This definition should be applied in any case. In Example 2, the PSFCH offset is less than one SL slot. When the above definition is applied, the PSFCH processing time starts not right after the actual PSFCH but in a slightly delay time. The case that the actual time gap is not sufficient for the processing time does not occur as this example.
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(a) Example 1
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(b) Example 2
Fig. 2: Processing time for SL feedback on UL.
Observation 2:
· To guarantee processing time for feedback on UL in async case, at least start timing of the processing time should clearly be specified in specfication.
· Start timing of the processing time can be defined based on the maximum PSFCH offset between the nominal PSFCH and the actual PSFCH.
Proposal 2:
· The processing time of feedback on UL is defined as the time gap started from T_PSFCH + T_slot, where
· T_PSFCH is the end time of the nominal PSFCH.
· T_slot is the SL slot duration.


2.1.3. Set of feedback timing values
	Agreements:
For reporting SL HARQ-ACK to the gNB: 
· For dynamic grant and configured grant type-2 in SL, the Rel-15 procedure and signalling for DL HARQ-ACK are reused for the purpose of selecting PUCCH offset/resource and format in UL. 
· The configuration for SL is separate from Uu link for a UE
· FFS how to indicatae timing of transmission in PUCCH, including whether physical or logical slots are used
· For configured grant type-1 in SL, RRC is used to configure PUCCH offset/resource and format in UL (if supported)


At the RAN1#98bis meeting, the above agreements were agreed for SL HARQ-ACK report on UL. In the above agreements, it is clearly described that signaling of PUCCH offset in NR Rel-15 is reused and the configuration is separate from Uu. In NR Rel-15, DCI format 1_1 indicates the slot offset for PUCCH by PDSCH-to-HARQ_feedback indicator field, where the candidates are provided by dl-DataToUL-ACK. For NR-SL, DCI format 3_0 indicates the slot offset for PUCCH by PSFCH-to-HARQ_feedback indicator field. However, there is no corresponding higher layer parameter for the candidate set. To follow the above agreements, the corresponding parameter should newly be introduced. Note that sl-PSFCH-ToPUCCH-r16 in the current specification is defined only for SL CG.
Observation 3:
· For PSFCH-to-HARQ_feedback indicator field, a candidate set needs to be provided by a higher layer parameter, which is separate from Uu according to the previous agreements.
Proposal 3:
· New RRC parameter sl-PSFCHToUL-ACK is introduced in SL-TimingConfig-r16 to use in PSFCH-to-HARQ_feedback indicator field.



2.2. Multiplexing multiple SL HARQ-ACK bits on a PUCCH
	RAN1#98bis
Agreements
· NR supports reporting of multiple SL HARQ-ACKs in a single PUCCH resource.
· The Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized.
· Reports carry SL HARQ-ACKs for dynamic grants and/or configured grants.
· A UE does not expected to be indicated to transmit SL HARQ-ACK information for more than one SL configured grant in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL HARQ-ACK reporting.
· […]
· For SL HARQ-ACK reporting, both Type-1 and Type-2 codebook are supported: 
· The same codebook type is used for SL HARQ-ACK and DL HARQ-ACK reporting.
· SL HARQ-ACK bits are generated using the Rel-15 procedures and concatenated to the DL HARQ-ACK bits, which are independently generated using the corresponding procedures. 
· FFS changes or restrictions to the Rel-15 procedures for generating the SL HARQ-ACK bits.
· FFS other details on how the codebook(s) are constructed
· […]
RAN1#99
Conclusion:
· No support of multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH in Rel-16
· Note: this reverts the agreements made during RAN1#98b email discussion


At the email discussion after the RAN1#98 meeting, multiple SL HARQ-ACK bits on a PUCCH resource were agreed as above. It is noted that, this mechanism has not been reverted while multiplexing SL HARQ-ACK with Uu UCI was changed to NOT support.
As the multiplexing mechanism, two types of HARQ-ACK codebook are supported; semi-static HARQ-ACK CB (type-1) and dynamic HARQ-ACK CB (type-2). The following four aspects should be discussed.
A. How to decide which CB type is used
Firstly, how to decide which type is used should be clarified. In NR-Uu, higher layer parameter pdsch-HARQ-ACK-Codebook is used to determine CB type. For NR-SL, the following two options are considerable.
· Option A-1: The higher layer parameter is shared between Uu and SL
· Option A-2: New higher layer parameter is introduced for SL
Option A-1 is better one in terms of less parameter. However, less number of higher layer parameters seems not to be so important. From flexibility perspective, option A-2 is better than option A-1. Meanwhile, the same HARQ-ACK CB type seems to be more feasible situation in actual deployments. Thus, strong advantage is not identified. For us, scheduling flexibility is more attractive; therefore, we slightly prefer option A-2.
B. General description
HARQ-ACK codebook construction is described in section 9.1.2 and 9.1.3 of 38.213. Basically, these descriptions should be reused for multiplexing multiple SL HARQ-ACK bits on a PUCCH. Some texts need to be updated, which will be referred as ‘exceptions’ in section 16.5 of 38.213. The following should be included in the exceptions.
· pdsch-HARQ-ACK-Codebook is replaced with the higher layer parameter for NR-SL, if a new higher layer parameter is introduced as the above.
· CBG-based transmission is not supported in NR-SL Rel-16. Regardless of higher layer parameter PDSCH-CodeBlockGroupTransmission, the procedure for the case that the parameter is not provided is applied.
· DCI format 1_0 or DCI format 1_1 is replaced with DCI format 3_0.
· Higher layer parameters configured for PDSCH are not related to SL operation. Regardless of these parameters, the procedure for the case that the parameter is not provided is applied. The parameters are, pdsch-AggregationFactor, harq-ACK-SpatialBundlingPUCCH, CORESETPoolIndex, ACKNACKFeedbackMode, CA-slot-offset.
· SPS PDSCH reception is replaced with configured grant.
C. Details of type-1 HARQ-ACK CB
Type-1 CB uses not actual but possible scheduling information. In NR-Uu, the possible scheduling is determined based on candidates of slot timing values K1 (feedback slot), pdsch-TimeDomainAllocationList, and TDD config. DL assignment indicates slot offset K0 (scheduling in slot-level) and SLIV (scheduling in symbol-level) as one index from pdsch-TimeDomainAllocationList. For NR-SL, instead of the above, candidates of PSFCH-to-HARQ_feedback indicator field and candidates of time gap field should be used.
D. Details of type-2 HARQ-ACK CB
Type-2 CB uses actual scheduling information. In NR-Uu, the actual scheduling is determined based on indicated slot timing value K1 (feedback slot), indicated slot offset K0 (scheduling in slot-level), and DAI in DL assignment. For K1, indicated timing by PSFCH-to-HARQ feedback timing indicator field can be used instead of that by PDSCH-to-HARQ feedback timing indicator field. For K0, indicated timing by time gap field can be applied instead of that by Time domain resource assignment field.
Regarding DAI, DAI is used to have the same understanding of PUCCH payload size between gNB and UE. Even if some DL assignment(s) is not detected at the UE, the UE can know the existence of the DL assignment(s) by DAI. That is, dynamic HARQ-ACK CB is defined with DAI as a fundamental part. To support dynamic HARQ-ACK CB for SL HARQ-ACK report on UL, the same field should be added in DCI format 3_0, where the name can be like sidelink assignment indicator (SAI) field. How to use SAI field can be the same as DAI field in DCI format 0_0/1_0.
Observation 4:
· How to decide which type is used should be clarified.
· Construction mechanism of HARQ-ACK CB in NR-Uu should be reused with some exceptions.
· For type-1 HARQ-ACK CB, parameters for PDSCH scheduling should be replaced with them for SL scheduling.
· For type-2 HARQ-ACK CB, DCI field to indicate the number of actual scheduling DCIs is essential for PDCCH misdetection.
Proposal 4:
· HARQ-ACK CB type for SL HARQ-ACK multiplexing on a PUCCH is determined by new RRC parameter.
· For type-2 HARQ-ACK CB, sidelink assignment indicator (SAI) field is introduced in DCI format 3_0.
· How to use SAI field is the same as DAI field in DCI format 0_0/1_0.
· Apply the following TP to TS 38.212.
	7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213]
-	New data indicator – 1 bit as defined in clause 16.4 of [5, TS 38.213]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in clause x.x.x of [6, TS 38.214]
-	SCI format 0-1 fields according to clause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	PUCCH resource indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	Configuration index – 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI; otherwise [x] bits as defined in clause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled by SL-RNTI. 
-	Sidelink assignment index – number of bits as defined in the following
-	2 bits if the higher layer parameter pssch-HARQ-ACK-Codebook=dynamic, where the 2 bits are the counter SAI;
-	0 bits otherwise.


· Apply the following TP to TS 38.213.
	16.5	UE procedure for reporting HARQ-ACK on uplink
 […]
For each PSFCH reception occasion, from a number of PSFCH reception occasions that the UE generates HARQ-ACK information to report in a PUCCH or PUSCH transmission, the UE can be indicated by higher layers to perform one of the following and the UE constructs a HARQ-ACK codeword with HARQ-ACK information, when applicable. 
-	generate HARQ-ACK information with same value as a value of HARQ-ACK information the UE determines from a PSFCH reception in the PSFCH reception occasion and, if the UE determines that a PSFCH is not received at the PSFCH reception occasion, generate NACK
-	generate ACK when the UE determines ACK from each PSFCH reception for the number of PSFCH reception occasions; otherwise, generate NACK if the UE determines absence of PSFCH reception or determines a NACK value from a PSFCH reception at a corresponding PSFCH reception occasion 
-	generate ACK when the UE determines absence of PSFCH reception for each PSFCH reception occasion from the number of PSFCH reception occasions; otherwise, generate NACK 
-	generate ACK when the UE determines ACK from at least one PSFCH reception for the number of PSFCH reception occasions of a PSFCH resource with an index with , as determined in Clause 16.3, for every identity  of the UEs expected to receive the PSSCH, as indicated by higher layers; otherwise, generate NACK.
The UE constructs a HARQ-ACK codeword with HARQ-ACK information, when applicable. The HARQ-ACK codeword is constructed by clause 9.1.2 if the UE is configured with pssch-HARQ-ACK-Codebook = semi-static, or by clause 9.1.3 if the UE is configured with pssch-HARQ-ACK-Codebook = dynamic, with the following exceptions:
-	Procedure for the case that PDSCH-CodeBlockGroupTransmission, pdsch-AggregationFactor, harq-ACK-SpatialBundlingPUCCH, CORESETPoolIndex, ACKNACKFeedbackMode, and CA-slot-offset are not provided is used regardless of whether the higher layer parameters are provided or not;
-	DCI format 1_0 or DCI format 1_1 is replaced with DCI format 3_0;
-	SPS PDSCH reception is replaced with SL configured grant Type 1 or Type 2;
-	The set of slot timing values is provided by [sl-PSFCHToUL-ACK];
-	PDSCH-to-HARQ feedback timing indicator field is replaced with PSFCH-to-HARQ feedback timing indicator field;
-	Time domain resource assignment field is replaced with time gap field;
-	Time domain resource allocation table is replaced with the set of slot timing values provided by sl-DCI-ToSL-Trans;
-	DAI is replaced with SAI.
[…]





2.3. Collision handling between PUCCH for SL HARQ-ACK and PUCCH/PUSCH for Uu commun.
2.3.1. Collision with different service types
In URLLC agenda, it was agreed that priority field is newly added in DCI formats for DL assignment and UL grant, to differentiate eMBB and URLLC in PHY layer. Based on the indication, UL channel collision is handled, e.g. when a PUCCH with higher priority is collided with another PUCCH with lower priority, the 2nd PUCCH is dropped. One question is, how is the collision handled between a PUCCH/PUSCH for Uu communication and a PUCCH for SL HARQ feedback with different service types?
NR-SL supports URLLC-type traffic as well as NR-Uu. To guarantee the URLLC-type traffic on SL, also the corresponding PUCCH should be treated as URLLC-type.  Therefore, we propose that the same mechanism should be adopted for SL HARQ-ACK report on UL. In other words, priority field is introduced in DCI format 3_0 as well. Priority field in DCI format 3_0 can be used to handle the collision based on the priority. It is noted that, SL BSR includes LCG IDs. Each LCG is configured with priority value. gNB can know from the SL BSR whether the UE has URLLC-type traffic or eMBB-type traffic on SL.
Another considerable option seems to treat PUCCH with SL HARQ-ACK as e.g. lower priority. In this case, however, PUCCH for SL HARQ-ACK corresponding to URLLC traffic cannot be prioritized, where required reliability performance would not be satisfied.
Observation 5:
· To support URLLC-type traffic on SL, the corresponding HARQ-ACK report on UL should be assumed as URLLC-type.
Proposal 5:
· Priority field is newly introduced in DCI format 3_0.
· ‘1’ indicates higher priority and ‘0’ indicates lower priority.
· Apply the following TP to TS 38.212.
	7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213]
-	New data indicator – 1 bit as defined in clause 16.4 of [5, TS 38.213]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in clause x.x.x of [6, TS 38.214]
-	SCI format 0-1 fields according to clause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	PUCCH resource indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	Configuration index – 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI; otherwise [x] bits as defined in clause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled by SL-RNTI. 
-	Priority indicator – 1 bit as defined in clause x.x.x of xxx




2.3.2. PUCCH with SL HARQ-ACK vs. PUCCH/PUSCH with Uu UCI
Note that this section discusses collision case with the same priority (e.g. URLLC vs. URLLC).
	Conclusion:
· No support of multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH in Rel-16
· Note: this reverts the agreements made during RAN1#98b email discussion


At the RAN1#99 meeting, the above conclusion was reached to avoid huge RAN1 work. However, UE behavior in collision case between a PUCCH with SL HARQ-ACK and another PUCCH/PUSCH with Uu UCI is not concluded yet. It is noted that, the current specification allows at least multiplexing of SL HARQ-ACK and CSI/SR on PUCCH/PUSCH. Clarification is necessary to avoid misalignment among companies. The following two options are considerable.
· Option 1: Error case
· Option 2: Drop either
From better scheduling flexibility perspective, option 2 is our preference. Option 1 is too restrictive at least for URLLC-type traffic since collision avoidance by gNB scheduler is not valid solution to meet the latency requirement. Then, for the details of option 2, which channel should be prioritized is dependent on services. In some case, Uu UCI is more important, while in other case, SL HARQ-ACK should have a priority. (Semi-)static prioritization seems to be sufficient for the service-specific mechanism. Therefore, higher layer parameter can be used to determine the prioritization.
Observation 6:
· UE behavior in collision case between a PUCCH with SL HARQ-ACK and another PUCCH/PUSCH with Uu UCI is not concluded yet.
· It is too restrictive that the collision is treated as an error case.
Proposal 6:
· For collision case between a PUCCH with SL HARQ-ACK and another PUCCH/PUSCH with Uu UCI, where these channel is associated with the same priority, either is dropped based on RRC parameter. New RRC parameter is introduced.


2.3.3. PUCCH with SL HARQ-ACK vs. PUSCH without Uu UCI
Note that this section discusses collision case with the same priority (e.g. URLLC vs. URLLC).
	RAN1#98bis
Agreements
· SL HARQ-ACK is reported in PUSCH when reporting in PUCCH overlaps with a PUSCH transmission.
· The Rel-15 procedures and signaling for multiplexing DL HARQ-ACKs in PUSCH are reutilized.


As agreed in RAN1#98bis, SL HARQ-ACK on a PUCCH is piggybacked on a PUSCH if the PUCCH is overlapped with the PUSCH in time-domain. In our understanding, the PUSCH is only that without Uu UCI since multiplexing SL HARQ-ACK and Uu UCI on a channel is not supported. Rel-15 mechanism is reused for the piggyback procedure. One question is, are betaOffsets and scaling configured for DL HARQ-ACK used for SL HARQ-ACK on UL as well? In NR-Uu, betaOffsets to apply rate matching of DL HARQ-ACK and UL-SCH can be determined either semi-statically or dynamically. In semi-static case, one value is configured by RRC parameter. Meanwhile, more than one values are configured and one is selected by UL grant in dynamic case. For scaling, one value is configured for rate matching as well.
Our preference is to configure parameters separately for SL HARQ-ACK report on UL. As agreed previously, PUCCH configuration is defined separately between Uu HARQ-ACK and SL HARQ-ACK. The reason is that required performance will be different. The same reason should be considered for betaOffsets and scaling as well. Performance of UL-SCH and SL HARQ-ACK is dependent on betaOffsets and scaling. If the parameters are shared between Uu HARQ-ACK multiplexing on PUSCH and SL HARQ-ACK multiplexing on PUSCH, the parameters are not optimal value for each performance requirement. To avoid this situation, new RRC parameters are the straightforward solution; otherwise, SL HARQ-ACK report on UL seems inconsistent mechanism.
Observation 7:
· Between Uu HARQ-ACK report and SL HARQ-ACK report on UL,
· PUCCH configuration is separately defined as agreed previously.
· Shared betaOffsets and scaling for multiplexing on PUSCH seem not to be a reasonable choice.
Proposal 7:
· For rate-matching of SL HARQ-ACK multiplexed on PUSCH, new RRC parameters sl-betaOffsets-r16 and sl-scaling-r16 are newly introduced.
· Apply the following TP to TS 38.213.
	16.5	UE procedure for reporting HARQ-ACK on uplink
A UE can be provided PUCCH resources or PUSCH resources [12, TS 38.331] to report HARQ-ACK information that the UE generates based on HARQ-ACK information that the UE obtains from PSFCH receptions, or from absence of PSFCH receptions. 
The UE multiplexes HARQ-ACK information in a PUSCH if the PUCCH resource overlaps in time with a PUSCH transmission, as described in Subclause 9 and Subclause 9.3 with the following exceptions:
-	betaOffsets is replaced with sl-betaOffset-r16;
-	scaling is replaced with sl-scaling-r16.
[…]




2.4. HPN/NDI in DCI format 3_0 and HPN/NDI in SCI format 0_2
	RAN1#100-e
Agreements:
· The mapping between the values of HPN signaled in DCI and HPN signaled in SCI is fixed for a TB, and is up to UE implementation.
· For dynamic grant, the toggling of NDI in DCI is used as the toggling of NDI in SCI for the first SL transmission scheduled by the DCI. The SCI for the remaining transmissions scheduled by the DCI, if any, have the NDI untoggled with respect to the first SL transmission.
· FFS NDI in SCI for PUCCH ACK-NACK error cases
38.213
[bookmark: _Toc29894886][bookmark: _Toc29899185][bookmark: _Toc29899603][bookmark: _Toc29917339][bookmark: _Toc36498214]16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 1 [6, TS38.214] 
-	sets a value of a HARQ process ID field as indicated by higher layers
-	for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the UE
-	toggles the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is toggled 
-	does not toggle the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is not toggled 
-	for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-RNTI, the UE does not toggle the NDI field value in SCI format 0_1.


At the last e-meeting, the above agreements were reached for the relation between HPN/NDI in DCI and HPN/NDI in SCI. The agreements were captured in 38.213 as the above. The following two issues should be solved.
A. Text error
HARQ process ID field and New data indicator field are included in SCI format 0_2 while the current specification for description of HPN/NDI explains SCI format 0_1. Update is necessary. There seems to be no valid section; thereby, a new section will be added.
B. Clarification of toggling target
The current specification explains that NDI in SCI is toggled if NDI in the corresponding DCI is toggled. However, the following two are unclear: Which SCI is the NDI toggled from? Which DCI is the NDI toggled from? According to the agreements, the SCI with the same HPN and the DCI with the same HPN are the target, respectively. This point should be captured. The following TP is based on the recommendation from FL, which was discussed after endorsement of the above description.
Observation 8:
· HPN field and NDI field is in SCI format 0_2, not SCI format 0_1.
· Toggling target of NDI in DCI and SCI is unclear in current description: Which SCI is the NDI toggled from? Which DCI is the NDI toggled from?
Proposal 8:
· Apply the following TP to TS 38.213.
· Text with blue color is updated/added to the text moved from section 16.4.
	16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 1 [6, TS38.214] 
-	sets a value of a HARQ process ID field as indicated by higher layers
-	for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the UE
-	toggles the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is toggled 
-	does not toggle the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is not toggled 
-	for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-RNTI, the UE does not toggle the NDI field value in SCI format 0_1.
[...]
16.7	UE procedure for transmitting PSSCH 
A UE that transmits a PSSCH with SCI format 0_2 using sidelink resource allocation mode 1 [6, TS38.214] 
-	sets a value of a HARQ process ID field as indicated by higher layers
-	for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the UE
-	toggles the NDI field value in SCI format 0_2 with a HARQ process number with respect to the most recent transmission of PSSCH with SCI format 0_2 with the same HARQ process number, if the NDI field value in DCI format 3_0 with a HARQ process number is toggled with respect to the most recent reception of DCI format 3_0 with the same HARQ process number
-	does not toggle the NDI field value in SCI format 0_2 with a HARQ process number with respect to the most recent transmission of PSSCH with SCI format 0_2 with the same HARQ process number, if the NDI field value in DCI format 3_0 with a HARQ process number is not toggled with respect to the most recent reception of DCI format 3_0 with the same HARQ process number
-	for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-RNTI, the UE does not toggle the NDI field value in SCI format 0_2.




3. Conclusion
In this contribution, we discussed the remaining issues on SL RA mechanism mode 1. Observations/Proposals are summarized as following: 
Observation 1:
· Under resource pool configuration that includes not all slots in a carrier but a part, SL scheduling does not work if the offset between Uu carrier and SL carrier is one slot or more.
· In both LTE and NR, OffsetDFN can be configured so that the offset is less than one slot.
· SL scheduling works well without the offset restriction if the resource pool is configured with all slots in a carrier.
Proposal 1:
· Apply the following TP to TS 38.213.
	16.5	UE procedure for reporting HARQ-ACK on uplink
[…]
With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending in slot , the UE provides the generated HARQ-ACK information in a PUCCH transmission within slot , subject to the overlapping conditions in Clause 9.2.5, where  is a number of slots indicated by a PSFCH-to-HARQ_feedback timing indicator field, if present, in a DCI format indicating a slot for PUCCH transmission to report the HARQ-ACK information, or  is provided by sl-ACKToUL-ACK.  corresponds to a last slot for a PUCCH transmission that would overlap with the last PSFCH reception occasion assuming that the starting time of the frame for sidelink transmission is given by the starting time of the frame for the downlink reception.
[…]


Observation 2:
· To guarantee processing time for feedback on UL in async case, at least start timing of the processing time should clearly be specified in specfication.
· Start timing of the processing time can be defined based on the maximum PSFCH offset between the nominal PSFCH and the actual PSFCH.
Proposal 2:
· The processing time of feedback on UL is defined as the time gap started from T_PSFCH + T_slot, where
· T_PSFCH is the end time of the nominal PSFCH.
· T_slot is the SL slot duration.
Observation 3:
· For PSFCH-to-HARQ_feedback indicator field, a candidate set needs to be provided by a higher layer parameter, which is separate from Uu according to the previous agreements.
Proposal 3:
· New RRC parameter sl-PSFCHToUL-ACK is introduced in SL-TimingConfig-r16 to use in PSFCH-to-HARQ_feedback indicator field.
Observation 4:
· How to decide which type is used should be clarified.
· Construction mechanism of HARQ-ACK CB in NR-Uu should be reused with some exceptions.
· For type-1 HARQ-ACK CB, parameters for PDSCH scheduling should be replaced with them for SL scheduling.
· For type-2 HARQ-ACK CB, DCI field to indicate the number of actual scheduling DCIs is essential for PDCCH misdetection.
Proposal 4:
· HARQ-ACK CB type for SL HARQ-ACK multiplexing on a PUCCH is determined by new RRC parameter.
· For type-2 HARQ-ACK CB, sidelink assignment indicator (SAI) field is introduced in DCI format 3_0.
· How to use SAI field is the same as DAI field in DCI format 0_0/1_0.
· Apply the following TP to TS 38.212.
	7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213]
-	New data indicator – 1 bit as defined in clause 16.4 of [5, TS 38.213]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in clause x.x.x of [6, TS 38.214]
-	SCI format 0-1 fields according to clause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	PUCCH resource indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	Configuration index – 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI; otherwise [x] bits as defined in clause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled by SL-RNTI. 
-	Sidelink assignment index – number of bits as defined in the following
-	2 bits if the higher layer parameter pssch-HARQ-ACK-Codebook=dynamic, where the 2 bits are the counter SAI;
-	0 bits otherwise.


· Apply the following TP to TS 38.213.
	16.5	UE procedure for reporting HARQ-ACK on uplink
 […]
For each PSFCH reception occasion, from a number of PSFCH reception occasions that the UE generates HARQ-ACK information to report in a PUCCH or PUSCH transmission, the UE can be indicated by higher layers to perform one of the following and the UE constructs a HARQ-ACK codeword with HARQ-ACK information, when applicable. 
-	generate HARQ-ACK information with same value as a value of HARQ-ACK information the UE determines from a PSFCH reception in the PSFCH reception occasion and, if the UE determines that a PSFCH is not received at the PSFCH reception occasion, generate NACK
-	generate ACK when the UE determines ACK from each PSFCH reception for the number of PSFCH reception occasions; otherwise, generate NACK if the UE determines absence of PSFCH reception or determines a NACK value from a PSFCH reception at a corresponding PSFCH reception occasion 
-	generate ACK when the UE determines absence of PSFCH reception for each PSFCH reception occasion from the number of PSFCH reception occasions; otherwise, generate NACK 
-	generate ACK when the UE determines ACK from at least one PSFCH reception for the number of PSFCH reception occasions of a PSFCH resource with an index with , as determined in Clause 16.3, for every identity  of the UEs expected to receive the PSSCH, as indicated by higher layers; otherwise, generate NACK.
The UE constructs a HARQ-ACK codeword with HARQ-ACK information, when applicable. The HARQ-ACK codeword is constructed by clause 9.1.2 if the UE is configured with pssch-HARQ-ACK-Codebook = semi-static, or by clause 9.1.3 if the UE is configured with pssch-HARQ-ACK-Codebook = dynamic, with the following exceptions:
-	Procedure for the case that PDSCH-CodeBlockGroupTransmission, pdsch-AggregationFactor, harq-ACK-SpatialBundlingPUCCH, CORESETPoolIndex, ACKNACKFeedbackMode, and CA-slot-offset are not provided is used regardless of whether the higher layer parameters are provided or not;
-	DCI format 1_0 or DCI format 1_1 is replaced with DCI format 3_0;
-	SPS PDSCH reception is replaced with SL configured grant Type 1 or Type 2;
-	The set of slot timing values is provided by [sl-PSFCHToUL-ACK];
-	PDSCH-to-HARQ feedback timing indicator field is replaced with PSFCH-to-HARQ feedback timing indicator field;
-	Time domain resource assignment field is replaced with time gap field;
-	Time domain resource allocation table is replaced with the set of slot timing values provided by sl-DCI-ToSL-Trans;
-	DAI is replaced with SAI.
[…]


Observation 5:
· To support URLLC-type traffic on SL, the corresponding HARQ-ACK report on UL should be assumed as URLLC-type.
Proposal 5:
· Priority field is newly introduced in DCI format 3_0.
· ‘1’ indicates higher priority and ‘0’ indicates lower priority.
· Apply the following TP to TS 38.212.
	7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213]
-	New data indicator – 1 bit as defined in clause 16.4 of [5, TS 38.213]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in clause x.x.x of [6, TS 38.214]
-	SCI format 0-1 fields according to clause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	PUCCH resource indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	Configuration index – 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI; otherwise [x] bits as defined in clause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled by SL-RNTI. 
-	Priority indicator – 1 bit as defined in clause x.x.x of xxx


Observation 6:
· UE behavior in collision case between a PUCCH with SL HARQ-ACK and another PUCCH/PUSCH with Uu UCI is not concluded yet.
· It is too restrictive that the collision is treated as an error case.
Proposal 6:
· For collision case between a PUCCH with SL HARQ-ACK and another PUCCH/PUSCH with Uu UCI, where these channel is associated with the same priority, either is dropped based on RRC parameter. New RRC parameter is introduced.
Observation 7:
· Between Uu HARQ-ACK report and SL HARQ-ACK report on UL,
· PUCCH configuration is separately defined as agreed previously.
· Shared betaOffsets and scaling for multiplexing on PUSCH seem not to be a reasonable choice.
Proposal 7:
· For rate-matching of SL HARQ-ACK multiplexed on PUSCH, new RRC parameters sl-betaOffsets-r16 and sl-scaling-r16 are newly introduced.
· Apply the following TP to TS 38.213.
	16.5	UE procedure for reporting HARQ-ACK on uplink
A UE can be provided PUCCH resources or PUSCH resources [12, TS 38.331] to report HARQ-ACK information that the UE generates based on HARQ-ACK information that the UE obtains from PSFCH receptions, or from absence of PSFCH receptions. 
The UE multiplexes HARQ-ACK information in a PUSCH if the PUCCH resource overlaps in time with a PUSCH transmission, as described in Subclause 9 and Subclause 9.3 with the following exceptions:
-	betaOffsets is replaced with sl-betaOffset-r16;
-	scaling is replaced with sl-scaling-r16.
[…]


Observation 8:
· HPN field and NDI field is in SCI format 0_2, not SCI format 0_1.
· Toggling target of NDI in DCI and SCI is unclear in current description: Which SCI is the NDI toggled from? Which DCI is the NDI toggled from?
Proposal 8:
· Apply the following TP to TS 38.213.
· Text with blue color is updated/added to the text moved from section 16.4.
	16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 1 [6, TS38.214] 
-	sets a value of a HARQ process ID field as indicated by higher layers
-	for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the UE
-	toggles the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is toggled 
-	does not toggle the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is not toggled 
-	for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-RNTI, the UE does not toggle the NDI field value in SCI format 0_1.
[...]
16.7	UE procedure for transmitting PSSCH 
A UE that transmits a PSSCH with SCI format 0_2 using sidelink resource allocation mode 1 [6, TS38.214] 
-	sets a value of a HARQ process ID field as indicated by higher layers
-	for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the UE
-	toggles the NDI field value in SCI format 0_2 with a HARQ process number with respect to the most recent transmission of PSSCH with SCI format 0_2 with the same HARQ process number, if the NDI field value in DCI format 3_0 with a HARQ process number is toggled with respect to the most recent reception of DCI format 3_0 with the same HARQ process number
-	does not toggle the NDI field value in SCI format 0_2 with a HARQ process number with respect to the most recent transmission of PSSCH with SCI format 0_2 with the same HARQ process number, if the NDI field value in DCI format 3_0 with a HARQ process number is not toggled with respect to the most recent reception of DCI format 3_0 with the same HARQ process number
-	for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-RNTI, the UE does not toggle the NDI field value in SCI format 0_2.
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