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1. Introduction
In this contribution, we provide our view on the remaining issues on the physical layer procedure for NR sidelink.
2. HARQ
2.1. PSFCH location in a resource pool
With PSFCH period N and minimum PSSCH-PSFCH gap K, it can be derived that the time gap between associated PSSCH and PSFCH should be within the time range [K, N+K-1].
To determine the HARQ-ACK feedback occasion in a resource pool, several points need to be clarified.
· The period for PSFCH mapping
There are two options of the period for PSFCH mapping:
Option 1. The period for PSFCH mapping is 10240 ms
Option 2. The period for PSFCH mapping is the same as the pool period, e.g. the length of the resource pool configuration bitmap L_bitmap
Based on the below agreement, either the number of SL slots in a pool period or the number of SL slots of a pool in an SFN/DFN cycle may not be a multiple of N. 
	Agreements:
· The periodicity of resource pool bitmap is 10240 ms.
· The (pre-)configured length of the bitmap (L_bitmap) can be one among 10, 11, 12, …, 160.


In option.1, if the number of SL slots in a pool in a 10240ms is not divisible by N, there may be some ‘orphan’ PSSCH slots that cannot find any associated PSFCH slots in a SFN/DFN cycle. If option.2 is used, the number of this kind of PSSCH resources increases. 
To handle these ‘orphan’ PSSCH slots, RAN1 may need to specify some additional rules or mechanisms. Thereby, from the perspective of simplicity, we prefer to build the PSFCH mapping in a period of 10240ms which has less ‘orphan’ PSSCH resources to be handled. With this approach, the PSFCH mapping can be performed across different pool periods in an SFN/DFN cycle.


Figure 1. Comparison between option1 and option2
[bookmark: _Ref47365103]Proposal 1: PSFCH mapping is reset per 10240ms, which means PSFCH mapping can across different resource pool periods in an SFN/DFN cycle.
· Mapping of PSSCH and PSFCH at the SFN/DFN boundary
If the number of SL slots of a resource pool in a 10240ms cycle is divisible by N, which means the PSFCH-PSSCH mapping repeats integer times over SFN/DFN cycles, it is feasible to use the PSFCH in the next period for HAQK-ACK transmission/reception for its associated PSSCH slots in the current period. Otherwise, some ‘orphan’ PSSCH slots at the end of each cycle and ‘orphan’ PSFCH slot at the start of the cycle will be wasted. 
As illustrated in Figure 2, PSSCH slots are associated with PSFCH in the same color. PSSCH slot#7/8/9/10 should be associated with PSFCH slot n’ in the next cycle, otherwise, they don't have any feedback resources to use.


[bookmark: _Ref47468347]Figure 2. PSSCH-PSFCH association across periods
Similarly, if there is a remainder after the number of SL slots divided by N, RX UE should also follow the same design principle as in the case where a perfect division is achieved. To be specific, UE can try to find a PSFCH occasion that satisfies the [K, N+K-1] requirement in the following period for HARQ-ACK feedback purposes. 
[bookmark: _Ref47365107]Proposal 2: The mapping of PSSCH and PSFCH can across the SFN/DFN boundary, i.e., RX UE can use a PSFCH occasion in the next SFN/DFN cycle for HARQ-ACK feedback as long as the PSFCH occasion satisfies the requirement of the gap between PSFCH and PSSCH based on N and K.
· The first PSFCH slot in a SFN/DFN period.
[bookmark: _Hlk46950372]The spec only specifies that the PSFCH occasion occurs every N slot in a resource pool. However, the first location of the PSFCH occasion in a period remains unclear. 
If the first PSFCH slot is not the first slot in the period (i.e., SFN/DFN cycle), then the gap between the first PSFCH occasion in the next period and the PSSCH slots before the last PSFCH slot in the current period can be larger than N+K-1, which means some of the PSSCH slots have no associated PSFCH occasion. An example is shown in Figure 3, it can be noted that PSSCH slot n+2~n+4 cannot find any associated PSFCH in the current period or in the next period. 


[bookmark: _Ref47468757]Figure 3. PSSCH slots without associated PSFCH resources
[bookmark: _Ref47365114]Observation 1: If the period is not times of N, and if the first PSFCH slot is not the first slot in the SFN/DFN period, then some of the PSSCH slots may have no associated PSFCH occasion.
[bookmark: _Ref47365405]Proposal 3: The first PSFCH slot of a pool in a SFN/DFN period is the first SL slot of the pool in the SFN/DFN period.

If the first PSFCH slot is the first slot in the SFN/DFN period, then the gap between the first PSFCH occasion in the next period and the PSSCH slots after the last PSFCH slot in the current period is always no larger than N+K-1, implying that every PSSCH slot can find its associated PSFCH occasion. 
However, some PSSCH slots may even find multiple PSFCH occasions whose distances from the PSSCH fall within [K, N+K-1]. For example, for PSSCH slot n+2~n+4, its associated PSFCH slot can be either slot n+6 or n+7 since both PSFCH slots satisfy the [K, N+K-1] requirement. 
[bookmark: _Ref47365160]Observation 2: If the number of SL slots in a period is not times of N, and if the first PSFCH slot is the first SL slot of the pool of the PSFCH in the SFN/DFN period, then some PSSCH slots may find multiple PSFCH occasions whose distances from the PSSCH fall within [K, N+K-1].


Figure 4. special PSSCH slot with multiple potential PSSCH slots
According to the text in 38.213: “The UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception.”, the RX UE for PSSCH slot n+2~n+4 shall report HARQ-ACK only in PSFCH slot n+6. 
On the other hand, from the TX UE perspective, if a dynamic grant or a configured grant providing one ‘special’ PSSCH slot with multiple potential associated PSFCH slots is received, it is unclear which PSFCH slot is the ‘last PSFCH’ for PUCCH determination. Moreover, since N HARQ-ACK bits should be reported for each PSFCH occasion involved in a type1 SL HARQ codebook, it is also not clear what should be reported in response to the PSSCH slot for PSFCH slot n+7 if PSFCH slot n+7 is involved in a type1 codebook. 
To avoid impact on the current procedure of the determination of PUCCH location as well as type1 codebook construction, the last PSFCH in the above case should be the first associated PSFCH slot satisfying the requirement of [K, N+K-1]. Additionally, TX UE is still expected to report one HARQ-ACK bit in response to each ‘special’ PSSCH slot for each associated PSFCH slot related to the codebook construction. Given that RX UE only transmits PSFCH in the first PSFCH slot that is K slots after the PSSCH reception, there is no PSFCH transmitted from RX UE in response to these ‘special’ PSSCH slots for the second associated PSFCH slot, hence it is natural to set the bit in response to the corresponding HARQ-ACK bit to NACK in the codebook.
[bookmark: _Ref47365162]Observation 3: For each PSFCH occasion involved in a type1 SL HARQ codebook, N HAQK-ACK bits are expected to be reported. How to set the HARQ-ACK bit corresponding to a PSSCH slot that has more than 1 PSFCH occasion whose distances from the PSSCH fall within [K, N+K-1] in a type1 codebook is unclear.
[bookmark: _Ref47365166]Proposal 4: For PSSCH slots with multiple PSFCH occasions satisfying the requirement of [K, N+K-1], UE should set the corresponding HARQ-ACK bit(s) corresponding to the PSSCH in response to the second associated PSFCH slot to NACK in a type1 codebook.
---------------------------------------- Start of Draft TP of TS 38.213 --------------------------------
The cardinality of the set  defines a total number  of PSFCH reception occasions corresponding to the HARQ-ACK information bits. A UE determines  HARQ-ACK information bits, for a total number of   HARQ-ACK information bits as  = HARQ-ACK information bit for candidate PSSCH transmission with corresponding PSFCH reception with index , for  , as described in Clause 16.5. If the UE does not receive a PSFCH in a PSFCH reception occasion, due to the UE not detecting a corresponding DCI format 3_0, the UE generates a NACK value for the PSFCH reception occasion. In the case that there is a first PSFCH reception occasion associated with at least one candidate PSSCH transmission that is also associated with a second PSFCH reception occasion, if the UE does not receive a PSFCH in the second PSFCH reception occasion, the UE generates NACK value for the second PSFCH reception occasion. 
---------------------------------------------- End of Draft TP --------------------------------------------
2.2. HARQ RTT restriction
	Agreements:
· In Step 2, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· ‘a’ is a time gap between the end of the last symbol of the PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by resource pool configuration and higher layer parameters of MinTimeGapPSFCH and periodPSFCHresource 
· ‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time and is determined by UE implementation


Based on agreement made at RAN1 #100e e-meeting, in Step 2, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB transmission with enabled a HARQ feedback. The motivation to introduce such restriction is to improve the resource efficiency by avoiding unnecessary PSSCH re-transmission of a TB, e.g., PSSCH retransmission will not be performed before reception of HARQ feedback of a prior PSSCH transmission.
However, the above timing restriction is applied only to step 2, where the resource time gap for periodically reserved resources may not meet the timing restriction. An example is shown in Figure 5, assuming PSFCH period is 4 logical slots, for resource selection of a given sidelink grant, resources for the first TB transmission can meet the HARQ RTT time gap restriction, while the resource of a following period may violate the HARQ RTT time gap restriction. 
[image: ]
[bookmark: _Ref47706437][bookmark: _Ref47707035]Figure 5 violation of HARQ RTT time gap restriction
To resolve the issue, a UE can be required to ensure a minimum time gap Z = a + b between any two periodically reserved resources for a TB transmission as mentioned in companion paper [2]; if not, multiple shortcomings are observed. On one side, the resource efficiency cannot be guaranteed as analyzed in above discussion. One the other side, reliability of PSFCH transmission may be decreased as well, since simultaneous multiple transmissions of PSFCH corresponding a single TB may occur as shown in Figure 5. Based on above discussion, if HARQ RTT restriction is not applied to each resource period of a sidelink grant, the simultaneous multiple transmissions of PSFCH corresponding to a single TB should be forbidden, i.e., regarding HARQ feedback corresponding a given TB transmission, only one PSFCH transmission is allowed per PSFCH occasion. 
[bookmark: _Ref47719899]Proposal 5: When HARQ RTT time gap restriction is violated for a given TB transmission, regarding HARQ feedback corresponding a given TB transmission, only one PSFCH transmission is allowed per PSFCH occasion.
---------------------------------------- Start of Draft TP of TS 38.213 --------------------------------
16.3	UE procedure for reporting HARQ-ACK on sidelink
<Unchanged parts omitted>
When a UE transmit PSFCH corresponding a given TB transmission, only one PSFCH transmission is allowed per PSFCH occasion. If multiple PSFCH transmission resources corresponding to the TB transmission are derived in a PSFCH occasion, it is up to UE implementation to select one for PSFCH transmission.

---------------------------------------------- End of Draft TP --------------------------------------------
2.3. SL HARQ feedback on PUCCH
	Working assumption:
· In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is: FFS).
Agreements:
· When the maximum number of HARQ re-transmissions is reached for a TB and the UE sends one bit on the UL resources for SL HARQ-ACK reporting
· the priority of the “PUCCH carrying SL HARQ reporting” is defined as the priority value of the associated PSSCH


In the previous meeting, RAN1 reached the above agreements, which is not captured in the specification. Thereby we propose to adopt the following TP.
[bookmark: _Ref47719887]Proposal 6: Adopt the TP to capture the agreement related to UL HARQ feedback when UE reaches the maximum transmission times.
---------------------------------------- Start of Draft TP of TS 38.213 --------------------------------
16.5	UE procedure for reporting HARQ-ACK on uplink
The UE generates an ACK if the UE does not transmit a PSCCH with a SCI format 1-A scheduling a PSSCH in any of the resources provided by a configured grant in a single period and for which the UE is provided a PUCCH resource to report HARQ-ACK information. The priority value of the ACK is same as the largest priority value among the possible priority values for the configured grant.
For a sidelink configured grant, the UE generates an ACK if the number of the re-transmission times reaches the maximum number of HARQ re-transmissions on the sidelink configured grant. The priority value of the ACK is the same as the priority value of the associated PSSCH.
---------------------------------------------- End of Draft TP --------------------------------------------
2.4. Clarification of DTX for RLM
RAN2 has agreed on a HARQ-based Sidelink RLF detection mechanism based on a number of consecutive DTX on PSFCH reception occasions for a PC5-RRC connection. However, there is no definition of DTX in the current physical layer specification, as discussed in our paper in [1].The following TP for TS 38.213 is provided to define the DTX in RAN1.
---------------------------------------- Start of Draft TP of TS 38.213 --------------------------------
[bookmark: _Toc45699243]16.3.1	UE procedure for receiving HARQ-ACK on sidelink 
A UE receives HARQ-ACK information in PSFCH, and reports the HARQ-ACK information to higher layer.
A UE reports Discontinuous Transmission (DTX) to higher layer if it does not detect HARQ-ACK information in a PSFCH associated with its transmitted PSSCH.
---------------------------------------------- End of Draft TP --------------------------------------------
[bookmark: _Ref47532795]Proposal 7: Agree the TP to clarify the DTX reception in RAN1 specification.
3. CSI acquisition
3.1. CSI reference resource
The CSI reference resource determination has been agreed at the RAN1#100bis e-meeting. 
	Agreements: 
The time and frequency location of the SL CSI reference resource is determined as follows:
· For a given CSI trigger, CSI reference resource in time domain is the slot where the CSI trigger is received
· For a given CSI trigger, CSI reference resource in frequency domain is the PRBs scheduled for the PSSCH in the CSI reference resource slot


One reaming issue is the definition of CQI calculation assumption. In our opinion, the assumption of DL CQI derivation can be largely reused, as shown in the following TP. Noted that different from Uu, there is only one SL BWP is configured for a UE. Moreover, the reported CSI is considered resource pool agnostic. Therefore, the reference CQI model should not be based on the configuration for a specific resource pool.
[bookmark: _Ref32600177][bookmark: _Ref40349466][bookmark: _Ref40358202]Proposal 8: For SL CQI derivation, the following assumptions are used: 
-	The first 2 OFDM symbols are occupied by control signaling; 
-	The number of PSSCH symbols is equal to 10; 
-	The CP length and SCS configured for the SL BWP; 
-	Redundancy Version 0; 
-	Assume no REs allocated for NZP CSI-RS; 
-	Assume the same number of DM-RS symbols as that indicated by the SCI triggering CSI report.

---------------------------------------- Start of Draft TP of TS 38.214 --------------------------------
8.5.2.3 CSI reference resource definition
…
If configured to report CQI index, in the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, for deriving RI:
-	The first 2 OFDM symbols are occupied by control signaling.
-	The number of PSSCH and DM-RS symbols is equal to 10.
-	The subcarrier spacing and the CP length configured for the sidelink bandwidth part 
-	Redundancy Version 0.
-	Assume no REs allocated for NZP CSI-RS.
-	Assume the same number of DM-RS symbols as that indicated by the SCI triggering CSI report. 
---------------------------------------------- End of Draft TP --------------------------------------------
4. Conclusion
In the contribution, we provide our considerations on the remaining issues for the design of NR sidelink physical layer procedure with the following proposals.
Proposal 1: PSFCH mapping is reset per 10240ms, which means PSFCH mapping can across different resource pool periods in an SFN/DFN cycle.
Proposal 2: The mapping of PSSCH and PSFCH can across the SFN/DFN boundary, i.e., RX UE can use a PSFCH occasion in the next SFN/DFN cycle for HARQ-ACK feedback as long as the PSFCH occasion satisfies the requirement of the gap between PSFCH and PSSCH based on N and K.
Observation 1: If the period is not times of N, and if the first PSFCH slot is not the first slot in the SFN/DFN period, then some of the PSSCH slots may have no associated PSFCH occasion.
Proposal 3: The first PSFCH slot of a pool in a SFN/DFN period is the first SL slot of the pool in the SFN/DFN period.
Observation 2: If the number of SL slots in a period is not times of N, and if the first PSFCH slot is the first SL slot of the pool of the PSFCH in the SFN/DFN period, then some PSSCH slots may find multiple PSFCH occasions whose distances from the PSSCH fall within [K, N+K-1].
Observation 3: For each PSFCH occasion involved in a type1 SL HARQ codebook, N HAQK-ACK bits are expected to be reported. How to set the HARQ-ACK bit corresponding to a PSSCH slot that has more than 1 PSFCH occasion whose distances from the PSSCH fall within [K, N+K-1] in a type1 codebook is unclear.
Proposal 4: For PSSCH slots with multiple PSFCH occasions satisfying the requirement of [K, N+K-1], UE should set the corresponding HARQ-ACK bit(s) corresponding to the PSSCH in response to the second associated PSFCH slot to NACK in a type1 codebook.
Proposal 5: When HARQ RTT time gap restriction is violated for a given TB transmission, regarding HARQ feedback corresponding a given TB transmission, only one PSFCH transmission is allowed per PSFCH occasion.
Proposal 6: Adopt the TP to capture the agreement related to UL HARQ feedback when UE reaches the maximum transmission times.
Proposal 7: Agree the TP to clarify the DTX reception in RAN1 specification.
Proposal 8: For SL CQI derivation, the following assumptions are used: 
-	The first 2 OFDM symbols are occupied by control signaling; 
-	The number of PSSCH symbols is equal to 10; 
-	The CP length and SCS configured for the SL BWP; 
-	Redundancy Version 0; 
-	Assume no REs allocated for NZP CSI-RS; 
-	Assume the same number of DM-RS symbols as that indicated by the SCI triggering CSI report.
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