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Introduction
In this document, we share our views on a few remaining issues on physical layer procedures for NR sidelink.
Discussion
Slot(s) associated with the PSFCH slot
Regarding the determination of PSFCH candidate resources, the following was agreed in RAN1,
	Agreements:
· In determining PSFCH candidate resources for a PSFCH format from the starting sub-channel index and the slot index used for the corresponding PSSCH for actual transmission,
· Notation
· S: the number of sub-channels in a slot
· N: the number of PSSCH slots associated with a single PSFCH slot
· NF: the number of PRBs in the set (pre-)configured for the actual PSFCH resources.
· Within the set of PRBs (pre-)configured for the actual PSFCH resources, the first Z PRBs are associated with the first sub-channel in the first slot associated with the PSFCH slot, the second Z PRBs are associated with the first sub-channel in the second slot associated with the PSFCH slot, and so on.
· FFS when NF is not a multiple of S*N
· For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with 
· Option 1: the starting sub-channel and slot used for that PSSCH.
· Option 2: the sub-channel(s) and slot used for that PSSCH
· PSFCH TX/TX conflict case 2 and 3 will be discussed separately.


The following specs text was quoted as follows,
	16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE is provided, by rbSetPSFCH, a set of  PRBs in a resource pool for PSFCH transmission in a PRB of the resource pool. For a number of  sub-channels for the resource pool, provided by numSubchannel, and a number of  PSSCH slots associated with a PSFCH slot, provided by periodPSFCHresource, the UE allocates the  PRBs from the  PRBs to slot   and sub-channel , where , , , and the allocation starts in an ascending order of  and continues in an ascending order of .  
[…]


Based on current specs,  slot(s) are associated with a PSFCH slot which has PSFCH resources, where  represents the configured period of PSFCH, and the associated slot(s) are indexed with . Accordingly, e.g. for a PSSCH reception with the last slot in slot , UE has to determine the value of  for slot , to determine the candidate PSFCH resources as specified.
The corresponding text on determining PSFCH time domain resource is quoted as follows,
	16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
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.
[…]


The highlighted sentence specifies that for a PSSCH reception with the last slot in slot , UE is able to determine the corresponding PSFCH slot, while, from our perspective, it is ambiguous on how the UE determines   which is the inner index within the configured periodicity  for PSFCH corresponding to the PSSCH reception in slot  based on current description. Meanwhile, the agreements for resource allocation mode 2 in RAN1#100-e revealed that the association between PSSCH slots and PSFCH slot depend on both  and MinTimeGapPSFCH along with resource pool configuration as follows. 
	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


Hence, we propose to further clarify the association between PSSCH slot(s) and a PSFCH slot, and accordingly the time gap ‘a’ in the agreement above would be easy to be defined.
Proposal 1: Use MinTimeGapPSFCH to further clarify the association between  PSSCH slot(s) and a PSFCH slot.
A TP is provided below for sub-clause 16.3 in TS 38.213.
	[bookmark: _Toc29894885][bookmark: _Toc29899184][bookmark: _Toc29899602][bookmark: _Toc29917338][bookmark: _Toc36498213][bookmark: _Toc45699242]16.3	UE procedure for reporting HARQ-ACK on sidelink 
A UE can be indicated by an SCI format scheduling a PSSCH reception, in one or more sub-channels from a number of  sub-channels, to transmit a PSFCH with HARQ-ACK information in response to the PSSCH reception. The UE provides HARQ-ACK information that includes ACK or NACK, or only NACK.
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.  
A UE may be indicated by higher layers to not transmit a PSFCH in response to a PSSCH reception [11, TS 38.321].
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. A PSFCH slot  is associated with  consecutive slots starting from ,  is determined by [6, TS 38.214] and  is provided by periodPSFCHresource.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.   
A UE is provided by rbSetPSFCH a set of  PRBs in a resource pool for PSFCH transmission in a PRB of the resource pool. For a number of  sub-channels for the resource pool, provided by numSubchannel, and a number of  PSSCH slots associated with a PSFCH slot, provided by periodPSFCHresource, the UE allocates the  PRBs from the  PRBs to slot   and sub-channel , where , , , and the allocation starts in an ascending order of  and continues in an ascending order of . The UE expects that  is a multiple of . 
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 associated with the starting sub-channel of the corresponding PSSCH 
-	 and the  PRBs are associated with one or more sub-channels from the  sub-channels of the corresponding PSSCH
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 as  where  is a physical layer source ID provided by SCI format 2-A or 2-B [5, TS 38.212] scheduling the PSSCH reception,   is the identity of the UE receiving the PSSCH as indicated by higher layers if the UE detects a SCI format 2-A with Cast type indicator field value of "01"; otherwise,  is zero.
A UE determines a  value, for computing a value of cyclic shift  [4, TS 38.211], from a cyclic shift pair index corresponding to a PSFCH resource index and from  using Table 16.3-1.
Table 16.3-1: Set of cyclic shift pairs
	
	

	
	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	0
	-
	-
	-
	-
	-

	2
	0
	3
	-
	-
	-
	-

	3
	0
	2
	4
	-
	-
	-

	6
	0
	1
	2
	3
	4
	5



A UE determines a  value, for computing a value of cyclic shift  [4, TS 38.211], as in Table 16.3-2 if the UE detects a SCI format 2-A with Cast type indicator field value of "01" or "10", or as in Table 16.3-3 if the UE detects a SCI format 2-B. The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. 
Table 16.3-2: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission when HARQ-ACK information includes ACK or NACK
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	0
	6



Table 16.3-3: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission when HARQ-ACK information includes only NACK
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	0
	N/A





PSFCH slots across SFN periods
A few issues on determination of PSFCH slots concerning SFN periods were identified in previous meetings (see e.g. [2], [3]):
· ISSUE#1: Which is the first PSFCH slot in a resource pool within a SFN period?
· ISSUE#2: Can a PSSCH be associated with a PSFCH in a resource pool across SFN periods?
· ISSUE#3: Should the number of slots within a resource pool be an integer multiple of the PSFCH period?
(Note: “SFN period” matters here because it is also a period used for definition of the set of slots in a resource pool.)

First of all, in our view, ISSUE#1 is a minor issue as long as ISSUE#2 and ISSUE#3 are solved.
Regarding ISSUE#2, we do not think it is possible to have a “self-contained” PSSCH-to-PSFCH association within each SFN period. This is illustrated in Figure 1, assuming a simplified “SFN” period with only 8 slots, and sl-PSFCH-Period = 4. If the PSSCH-to-PSFCH association is “self-contained” within a “SFN” period, slots #4, #5, #6, #7 will have no associated PSFCH slot. Note that removing these slots from the resource pool does not help, e.g. slot #5 has to be kept anyway as it is the PSFCH slot associated with slots #0, #1, #2, #3. 
In fact, association of a slot for data (e.g. in slot “n”) to a slot for HARQ-ACK feedback (e.g. in slot “n+k”) had been designed to be agnostic of SFN boundary in all other “links” e.g. in LTE and NR Uu. We don’t see any benefit of doing it differently in NR sidelink.
[image: ]
[bookmark: _Ref47700031]Figure 1 “Self-contained” PSSCH-to-PSFCH association

Proposal 2: A PSSCH within a SFN period can be associated to a PSFCH within the same SFN period or the immediately following SFN period.
Regarding ISSUE#3, we think there will be a problem in PSSCH-to-PSFCH association if the answer is “no”. This is illustrated in Figure 2, assuming a simplified “SFN” period with only 10 slots, and sl-PSFCH-Period = 4. As can be seen in Figure 2, in order to maintain the periodicity of PSFCH slots, the PSFCH slot numbers within the 1st “SFN” period (i.e. slots #1, #5, #9) are different from those within the 2nd “SFN” period (i.e. slots #3, #7), which is problematic unless “SFN” period is numbered and the UE knows the numbering of “SFN” period. In our view it is highly undesirable to introduce numbering of “SFN” period just to support such kind of inconsistent PSFCH slots across SFN periods.
[image: ]
[bookmark: _Ref47701366]Figure 2 Different PSFCH slot numbers within two consecutive “SFN” period
In order to ensure a same set of PSFCH slots within each SFN period, the total number of slots in a resource pool has to be an integer multiple of sl-PSFCH-Period.
Proposal 3: The total number of slots in a resource pool (within a SFN period) is adjusted to be an integer multiple of sl-PSFCH-Period.
Simultaneous PSFCH transmission/reception
The following changes were introduced in RAN1#100bis-e,
	[bookmark: _Toc29894883][bookmark: _Toc29899182][bookmark: _Toc29899600][bookmark: _Toc29917336][bookmark: _Toc36498211]16.2.4.2	Simultaneous PSFCH transmission/reception
If a UE 
-	would transmit a first PSFCHs and receive a second PSFCHs, and
-	a transmissions of the first PSFCHs would overlap in time with a receptions of the second PSFCHs
the UE transmits or receives only thea set of PSFCHs corresponding towith the smallesthigher priority field value, as determined by a first set of SCI format 1-A0_1 and a second set of SCI format 1-A0_1 [5, TS 38.212] that are respectively associated with the first PSFCHs and the second PSFCHs.


The corresponding RAN1 agreements are as follows,
	Agreements:
For the prioritization between PSFCH TX and PSFCH RX,
· When the UE is required to transmit more than one PSFCH, the highest priority of the associated PSCCH/PSSCH is used for prioritization of the PSFCH transmission.
· When the UE is required to receive more than one PSFCH, the highest priority of the associated PSCCH/PSSCH is used for prioritization of the PSFCH reception.


As can be seen above, the intention of the RAN1 agreements for the yellow highlighted text was that the decision on whether to transmit one set of PSFCHs or receive another set of PSFCHs is based on which set contains a PSFCH with highest priority. However this was unfortunately not correctly reflected in the spec text, which says the selected “set of PSFCHs” should correspond to the smallest priority field value, e.g. if each PSFCH in a set “A”={PSFCH1, PSFCH2, PSFCH3, PSFCH4} for transmission has respective priority field values {2, 2, 3, 5} and each PSFCH in a set “B”={PSFCH5, PSFCH6, PSFCH7, PSFCH8} for reception has respective priority field values {3, 4, 5, 6}, then the spec text says the UE should transmit a subset of “A” = {PSFCH1, PSFCH2}, as they correspond to the smallest priority field value i.e. 2. However, the intention of the RAN1 agreements was actually that since set “A” contains a PSFCH with a smallest priority field value, it (or a subset of it) should be selected.
Proposal 4: For simultaneous PSFCH transmission/reception, clarify that it is “a PSFCH” that corresponds to the smallest priority field value, rather than “a set of PSFCHs” that correspond to the smallest priority field value.
The following TP is proposed to clarify the intended UE behaviour in the RAN1 agreements:
	16.2.4.2	Simultaneous PSFCH transmission/reception
If a UE 
-	would transmit  PSFCHs and receive PSFCHs, and
-	transmissions of the  PSFCHs would overlap in time with receptions of the  PSFCHs
the UE transmits or receives only a set of PSFCHs containing a PSFCH that correspondsing to the smallest priority field value, as determined by a first set of SCI format 1-A and a second set of SCI format 1-A [5, TS 38.212] that are respectively associated with the  PSFCHs and the  PSFCHs.



Conclusion
In this contribution, we discuss some remaining issues on physical layer procedures for NR sidelink, and provide corresponding proposal/TP.
Proposal 1: Use MinTimeGapPSFCH to further clarify the association between  PSSCH slot(s) and a PSFCH slot.
[bookmark: _GoBack]Proposal 2: A PSSCH within a SFN period can be associated to a PSFCH within the same SFN period or the immediately following SFN period.
Proposal 3: The total number of slots in a resource pool (within a SFN period) is adjusted to be an integer multiple of sl-PSFCH-Period.
Proposal 4: For simultaneous PSFCH transmission/reception, clarify that it is “a PSFCH” that corresponds to the smallest priority field value, rather than “a set of PSFCHs” that correspond to the smallest priority field value.
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