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1. Introduction
At RAN1#101-e meeting [1], we had many discussions via email and many agreements were reached for 5G V2X with NR-SL WID. In this contribution, we share our views for maintenance of SL physical layer procedure.


2. Discussions
2.1. HARQ feedback
2.1.1. PSFCH occasion alignment in a resource pool
	38.213 V16.2.0
[bookmark: _Toc29894885][bookmark: _Toc29899184][bookmark: _Toc29899602][bookmark: _Toc29917338]16.3	UE procedure for reporting HARQ-ACK on sidelink 
…
A UE can be provided, by periodPSFCHresource, a number of slots in a resource pool for a period of PSFCH transmission occasion resources. If the number is zero, PSFCH transmissions from the UE in the resource pool are disabled.  
…
If a UE receives a PSSCH in a resource pool and the HARQ feedback enabled/disabled indicator field in an associated SCI format 2-A or a SCI format 2-B has value 1 [5, TS 38.212], the UE provides the HARQ-ACK information in a PSFCH transmission in the resource pool. 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.
…


As the above description from specification, a PSFCH transmission occasion is set per periodPSFCHresource slots. HARQ-ACK corresponding to a PSSCH reception is transmitted on a PSFCH at a first PSFCH occasion after MinTimeGapPSFCH slots from the PSSCH reception, in the resource pool; i.e., time-domain resource of each PSFCH is determined based on (pre-)configuration. Once PSFCH occasion is determined, there is no ambiguity among UEs, of PSSCH-PSFCH association in a resource pool.
However, to determine PSFCH occasion, parameters periodPSFCHresource and MinTimeGapPSFCH are not sufficient. The following two aspects are unclear in the current specification.
A. Which slot is the initial PSFCH slot in a period of a resource pool?
For any periodic feature, e.g. configured grant, two parameters are necessary: 1) starting point (offset) and 2) periodicity. For PSFCH occasion, 1) starting point is used to determine the initial PSFCH slot in a period of a resource pool, and from the initial PSFCH slot, occasions occur at equal time-interval of 2) periodicity  given as periodPSFCHresource. 2) is clear, while the initial PSFCH slot in a period of a resource pool, i.e. 1) has not discussed yet. To fix PSFCH occasion in a period of a resource pool, the initial PSFCH slot should clearly be defined. Fig. 1 is the illustration of this issue. Note that PSFCH slot means slot with PSFCH occasion.
[image: ]
Fig. 1: PSFCH occasion ambiguity due to no definition of the initial PSFCH slot in a period of a resource pool.
The following options can be considered to address this issue. It is noted that, PSFCH occasion is determined based on logical slots, i.e. slots in a resource pool. The initial PSFCH slot should be defined based on logical slots as well.
Option A-1: 0-th slot in a period of a resource pool is the initial PSFCH slot.
Option A-2: (periodPSFCHresource - 1)-th slot in a period of a resource pool is the initial PSFCH slot.
Option A-3: MinTimeGapPSFCH-th slot in a period of a resource pool is the initial PSFCH slot.
We slightly prefer option A-1 and option A-2. Firstly, system works with any option. Secondly, in option A-3, the rule is a little strange when periodPSFCHresource < MinTimeGapPSFCH. Between option A-1 and option A-2, there seems to be no difference from technical perspective. For better structure, option A-2 is slightly preferred to option A-1.
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Fig. 2: Initial PSFCH occasion in a period of a resource pool
(periodPSFCHresource = 4, MinTimeGapPSFCH = 2).
Observation 1:
· For PSFCH occasions, UEs could have different understanding due to no definition of the initial PSFCH slot in a period of a resource pool.
· PSFCH occasion is not determined only with periodicity, which is defined as higher layer parameter periodPSFCHresource.
Proposal 1:
· (periodPSFCHresource - 1)-th slot in a period of a resource pool is the initial PSFCH slot in the period.


B. How to handle PSFCH slot across resource pool periods?
PSFCH occasions in a period of a resource pool can be fixed by agreeing the above proposal. However, further discussion would be necessary to clarify PSFCH slot determination across periods of a resource pool. For example, let us assume that the number of slots in a period of a resource pool is not a multiple of periodPSFCHresource N as illustrated in Fig. 3. In this case, there is an issue of unclear relationship between the last PSFCH occasion in a resource pool period and the first PSFCH occasion in the next period. The following options can be discussed:
Option B-1: The initial PSFCH slot in a period of a resource pool is the same among periods.
a. PSSCH resources at the last few slots without associated PSFCH occasion in the period of a resource pool is NOT associated with any PSFCH slot.
b. PSSCH resources at the last few slots without associated PSFCH occasion in the period of a resource pool is associated with the first PSFCH slot in the next period. More PSFCH resources are prepared in the PSFCH occasion to ensure PSSCH-PSFCH associations.
Option B-2: The initial PSFCH slot in the next period of a resource pool is determined based on the current period.
Option B-3: No. of slots in a period of a resource pool shall be a multiple of periodPSFCHresource N.
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Fig. 3: PSFCH occasion ambiguity across periods of a resource pool.

Based on the above options, our preferred option is either option B-1-a or option B-3. 
· In option B-1-a, the last few slots of each resource pool do not have corresponding PSFCH resources. ‘Smart UE’ can use the resources for e.g. bling retransmissions, broadcast transmissions. ‘Unsmart’ UE can set the resources to out of resource selection window.
· In option B-1-b, more RAN1 works are necessary to handle associations between PSCCH/PSSCH and PSFCH when PSFCH resource amount are not sufficient. Further RAN1 work is not desirable.
· In option B-2, if this determination is applied, the initial PSFCH slot in a period could be different between period #p and period #p+1 as Fig. 3. UEs have misalignment for PSFCH occasions unless RAN1 has further discussion: which period is proposal 1 applied to?
· In option B-3, associations between PSCCH/PSSCH and PSFCH are well-structured while this is a restriction of (pre-)configuration. Specification and UE implementation can be easy.
Observation 2:
· PSFCH occasion across periods of a resource pool is unclear in the current specification/agreements.
· Whether the last few slots in period #p of a resource pool is associated with the first PSFCH occasion in period #p+1?
· If YES, which slot in period #p+1 is the initial PSFCH occasion? Whether proposal 1 is applied to all periods or only initial period?
Proposal 2:
· Either of the following options is supported:
· Option 1: The initial PSFCH slot in a period of a resource pool is the same among periods. PSSCH resources at the last few slots without associated PSFCH occasion in the period of a resource pool is not associated with any PSFCH slot.
· Option 2: No. of slots in a period of a resource pool shall be a multiple of periodPSFCHresource N.


2.1.2. Groupcast option 1 by SCI format 2
	RAN1#101-e
Conclusion:
· It is feasible from L1 signaling perspective to use Groupcast option 1 (i.e., NACK only feedback) when Zone ID or Communication range requirement is not provided, if RAN2 decides to support this operation.
· No action in RAN1 unless RAN2 informs RAN1 about their decision (to support or not)
· Note that if RAN2 decides to support it, RAN1 needs to further discuss 

R1-2005206 (R2-2005977): LS from RAN2
Agreements on groupcast HARQ:
1: 	When TX UE enabled distance-based HARQ feedback by a SCI but RX UE’s location information is not available, RX UE sends HARQ feedback according to the decoding status of the MAC PDU.
2:	For sidelink groupcast option1, TX UE can enables HARQ feedback without the distance-based operation when range configuration for sidelink logical channel or zone_id is not (pre-)configured.
3: 	The following additional condition is needed for HARQ option1:
	- The group size is greater than the number of candidate PSFCH resources associated with the selected PSSCH resource.


At the last RAN1 meeting, it was agreed that groupcast option 1 without zone ID/communication range requirement is feasible from L1 signaling perspective. RAN1 assumed that after RAN2 decision, how to realize this operation. Then, RAN2 agreed to send to the above LS including agreements on groupcast option 1 without distance-based operation. Therefore, RAN1 should discuss how to signal groupcast option 1 without zone ID/communication range requirement.
Current SCI format 2-A can be used for groupcast option 2 while SCI format 2-B is used for groupcast option 1. The key point which should be discussed is, whether SCI format 2-A is used for groupcast option 1 as well or not. We believe that it should be allowed when zone ID/communication range requirement is not provided. SCI format 2-B has fields to indicate these parameters and their field sizes are not so small. When zone ID/communication range requirement is not available, these fields are wasted. To achieve better SCI performance, SCI format 2-A should be used for this situation. Note that, this situation would not be rare case since groupcast option 1 shall be used if the group size is greater than the number of candidate PSFCH resources associated with the selected PSSCH resource, as agreements in RAN2. Even when zone ID/communication range requirement is not provided, there would be cases to use groupcast option 1.
Regarding how to indicate groupcast option 1 or option 2 in SCI format 2-A, cast type indicator field would be the most valid solution. Current cast type indicator field has 2-bits, where 00, 01, 10 indicate broadcast, groupcast (option 2), unicast, respectively. 11 is not used in Rel-16 (i.e. reserved). The remaining state can be used for groupcast option 1. This solution avoids increasing SCI payload size.

Observation 3:
· SCI format 2-A should be possible to indicate groupcast option 1 without zone ID/communication range requirement so that better SCI performance is provided.
Proposal 3:
· Cast type indicator field in SCI format 2-A indicates groupcast option 1 or option 2.
· Apply the following TP for TS 38.212.
	[bookmark: _Toc29326640][bookmark: _Toc29327790][bookmark: _Toc36045980][bookmark: _Toc36046240][bookmark: _Toc36046386][bookmark: _Toc45209303]8.4.1.1	SCI format 2-A
...
Table 8.4.1.1-1: Cast type indicator
	Value of Cast type indicator
	Cast type

	00
	Broadcast

	01
	Groupcast (ACK/NACK feedback)

	10
	Unicast

	11
	Reserved Groupcast (only NACK feedback)







2.1.3. Clarification of group/sequence hopping parameters for PSFCH
Note that, this section is the same as one in our contribution for structure AI [2] since which AI is more appropriate for this discussion is unclear for us.
Regarding PSFCH sequence generation, the current specification describes the mechanism as follows.
	38.211 V16.2.0
[bookmark: _Toc29230455][bookmark: _Toc36026714]8.3.4.2	PSFCH format 0
[bookmark: _Toc11324487][bookmark: _Toc29230456][bookmark: _Toc36026715]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 16.3  of [5, TS 38.213]; 
-	 is given by clause 16.3 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]

[bookmark: _Toc19796426][bookmark: _Toc26459652][bookmark: _Toc29230301][bookmark: _Toc36026560]6.3.2.2	Sequence and cyclic shift hopping
PUCCH formats 0, 1, 3, and 4 use sequences  given by clause 5.2.2 with  where the sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
[bookmark: _Toc19796427][bookmark: _Toc26459653][bookmark: _Toc29230302][bookmark: _Toc36026561]6.3.2.2.1	Group and sequence hopping
The sequence group  and the sequence number  within the group depends on the higher-layer parameter pucch-GroupHopping:
-	if pucch-GroupHopping equals 'neither'



	where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'enable' 





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'disable'




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
The frequency hopping index  if intra-slot frequency hopping is disabled by the higher-layer parameter intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter intraSlotFrequencyHopping, [image: ] for the first hop and [image: ] for the second hop.

	38.331 V16.1.0
SL-PSFCH-Config-r16 ::=                SEQUENCE {
    sl-PSFCH-Period-r16                  ENUMERATED {sl0, sl1, sl2, sl4}       OPTIONAL,   -- Need M
    sl-PSFCH-RB-Set-r16                  BIT STRING (SIZE (10..275))           OPTIONAL,   -- Need M
    sl-NumMuxCS-Pair-r16                 ENUMERATED {n1, n2, n3, n6}           OPTIONAL,   -- Need M
    sl-MinTimeGapPSFCH-r16               ENUMERATED {sl2, sl3}                 OPTIONAL,   -- Need M
    sl-PSFCH-HopID-r16                   INTEGER (0..1023)                     OPTIONAL,   -- Need M
    sl-PSFCH-CandidateResourceType-r16   ENUMERATED {startSubCH, allocSubCH}   OPTIONAL,   -- Need M
   ...
}


At previous e-meeting, definitions of m0 and mCS were agreed. That is, cyclic shift  for PSFCH sequence  is clearly defined. On the other hand, sequence group  and sequence number  in  seems not to be described for PSFCH. Further discussion and conclusion are necessary to have the same understanding of  and  among UEs.
Firstly, one higher layer parameter, sl-PSFCH-HopID-r16, is included in the current 38.331 to determine hopping ID of PSFCH sequence, based on the previous agreements. However, how to use this parameter is not explained in the current 38.211. This parameter is applied instead of hoppingId for the PUCCH sequence generation. Section 8.3.4.2.1 of 38.211 should mention the replacement as an additional ‘exception’.
Secondly, the PUCCH sequence generation in NR-Uu uses one higher layer parameter, pucch-GroupHopping, to determine whether or not group hopping or sequence hopping is applied. Sequence group  and sequence number  are dependent on this parameter. Meanwhile, there is no higher layer parameter in SL-PSFCH-Config-r16 to replace pucch-GroupHopping with, and there is no clear definition of group hopping/sequence hopping for PSFCH sequence. pucch-GroupHopping for NR-SL needs to be clarified. NR-Uu has three types of the hopping mechanisms: pucch-GroupHopping = neither, enable, disable.
· neither: Any hopping is not applied. The fixed  based on sl-PSFCH-HopID-r16 is used. .
· enable: Group hopping is applied.  is determined based on sl-PSFCH-HopID-r16 and . .
· disable: This is the same as neither case.  is not used for sequence of length less than 36.
For NR-SL, neither should always be applied without any additional higher layer parameter to replace pucch-GroupHopping with, and of course without any further update for hopping. Performance gain of group hopping has not been identified in this WI, and easier option (i.e. the fixed ) is preferable in CR phase.
Observation 4:
· Sequence group  and sequence number  for PSFCH format 0 are unclear.
· Note: the sequence of PSFCH format 0 is derived as .
· Performance gain of sequence/group hopping has not identified so far.
Proposal 4:
· For PSFCH format 0,
· Clarify that sl-PSFCH-HopID-r16 is used instead of hoppingId for PUCCH.
· PSFCH sequence is generated with pucch-GroupHopping = neither.
· Apply the following TP for TS 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 16.3  of [5, TS 38.213]; 
-	 is given by clause 16.3 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];
-	hoppingId is replaced with higher layer parameter sl-PSFCH-HopID-r16;
-	pucch-GroupHopping is assumed to be neither regardless of provided higher layer parameter pucch-GroupHopping if any




2.2. Channel collision
2.2.1. SL/UL prioritization
	RAN1#101-e
Agreements:
· When one SL transmission overlaps with one or more UL transmissions overlapping with any UL transmission in time, 
· multiplexing/prioritization defined on Uu, if any applicable, apply to the overlapping UL transmissions before the prioritization with the SL transmission.
· If the SL transmission still overlaps with more than one UL transmission, 
· the UE transmits SL transmission if the SL transmission is prioritized over all the UL transmissions subject to both UE multiplexing and processing timeline w.r.t. the first SL/UL transmission.
· the UE transmits UL transmission if at least one UL transmission is prioritized over the SL transmission subject to both UE multiplexing and processing timeline w.r.t. the first SL/UL transmission.
· UE processing timeline w.r.t. the first SL/UL transmission is the same as in proposal 8.


At the last RAN1 e-meeting, the above agreements were reached: UL channel overlap is solved before SL/UL prioritization. One remaining issue based on the rule is, how to decide priority of the outcome of UL channel multiplexing/prioritization. For example, after UL channel multiplexing, a PUCCH includes HARQ-ACK and SR. The PUCCH is overlapped with a PSCCH/PSSCH. Priority of the PUCCH is not defined in the current specification, so the SL/UL overlap cannot be solved. To clarify UE behavior at this situation, further discussion is necessary.
Following two options would be feasible:
· Option 1: Define new rule to decide the priority of UL transmission with multiple types of information
· Option 2: Use priorities and prioritization rule before multiplexing
Among the two options, the second option should be adopted rather than option 1 since the second one is easier. Option 2 can follow the existing prioritization mechanism agreed as the above lowest three sub-bullets. Whereas, option 1 needs further RAN1 discussion, which is undesirable in the maintenance phase. Achievable performance would be the same/quite similar. 
[image: ]
Fig. 4: Collision between SL and UL with multiple types of information.
Observation 5:
· How to handle channel overlap between SL and UL with multiple types of information is unclear.
· This situation could occur after UL channel multiplexing before SL/UL prioritization.
Proposal 5:
· For channel overlap between SL and UL with multiple types of information,
· SL/UL prioritization is processed by using UL channel priorities and prioritization rule before multiplexing.


3. Conclusion
In this contribution, we discussed maintenance of SL physical layer procedure. Observations/Proposals are summarized as following: 
Observation 1:
· For PSFCH occasions, UEs could have different understanding due to no definition of the initial PSFCH slot in a period of a resource pool.
· PSFCH occasion is not determined only with periodicity, which is defined as higher layer parameter periodPSFCHresource.
Proposal 1:
· (periodPSFCHresource - 1)-th slot in a period of a resource pool is the initial PSFCH slot in the period.
Observation 2:
· PSFCH occasion across periods of a resource pool is unclear in the current specification/agreements.
· Whether the last few slots in period #p of a resource pool is associated with the first PSFCH occasion in period #p+1?
· If YES, which slot in period #p+1 is the initial PSFCH occasion? Whether proposal 1 is applied to all periods or only initial period?
Proposal 2:
· Either of the following options is supported:
· Option 1: The initial PSFCH slot in a period of a resource pool is the same among periods. PSSCH resources at the last few slots without associated PSFCH occasion in the period of a resource pool is not associated with any PSFCH slot.
· Option 2: No. of slots in a period of a resource pool shall be a multiple of periodPSFCHresource N.
Observation 3:
· SCI format 2-A should be possible to indicate groupcast option 1 without zone ID/communication range requirement so that better SCI performance is provided.
Proposal 3:
· Cast type indicator field in SCI format 2-A indicates groupcast option 1 or option 2.
· Apply the following TP for TS 38.212.
	8.4.1.1	SCI format 2-A
...
Table 8.4.1.1-1: Cast type indicator
	Value of Cast type indicator
	Cast type

	00
	Broadcast

	01
	Groupcast (ACK/NACK feedback)

	10
	Unicast

	11
	Reserved Groupcast (only NACK feedback)





Observation 4:
· Sequence group  and sequence number  for PSFCH format 0 are unclear.
· Note: the sequence of PSFCH format 0 is derived as .
· Performance gain of sequence/group hopping has not identified so far.
Proposal 4:
· For PSFCH format 0,
· Clarify that sl-PSFCH-HopID-r16 is used instead of hoppingId for PUCCH.
· PSFCH sequence is generated with pucch-GroupHopping = neither.
· Apply the following TP for TS 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 16.3  of [5, TS 38.213]; 
-	 is given by clause 16.3 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];
-	hoppingId is replaced with higher layer parameter sl-PSFCH-HopID-r16;
-	pucch-GroupHopping is assumed to be neither regardless of provided higher layer parameter pucch-GroupHopping if any


Observation 5:
· How to handle channel overlap between SL and UL with multiple types of information is unclear.
· This situation could occur after UL channel multiplexing before SL/UL prioritization.
Proposal 5:
· For channel overlap between SL and UL with multiple types of information,
· SL/UL prioritization is processed by using UL channel priorities and prioritization rule before multiplexing.
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