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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
Simultaneous PSFCH transmission/reception
Regarding simultaneous PSFCH transmission/reception, the following agreements were reached in RAN1 100-e meeting,
	Agreements:
· A Tx UE transmit a PSSCH in a slot. PSCCH, SL CSI-RS, SL PT-RS, PSCCH-DMRS, and PSSCH-DMRS are all transmitted with the same PSD during a slot. 
· Equal power is used for each antenna port for 2-AP PSSCH transmission. 
· Simultaneous PSFCH transmissions in a PSFCH TX occasion is supported from RAN1 specification perspective. 
· Power control formula is applied to each transmission (i.e. fixing the PSD of PSSCH DMRS at the TX UE for a time duration is not supported). 


And the following was captured in TS 38.213,
	[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 PSFCH and receive a second PSFCH, and
-	a transmission of the first PSFCH would overlap in time with a reception of the second PSFCH
the UE transmits or receives only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI format 0_1 [5, TS 38.212] that are respectively associated with the first PSFCH and the second PSFCH.
If a UE would transmit   PSFCHs in a PSFCH transmission occasion, the UE transmits  PSFCHs corresponding to the smallest  priority field values indicated in all SCI formats 0_1 associated with the PSFCH transmission occasion. 


Firstly, the handling of TX/RX overlap in TS 38.213 only makes sense when there are only two overlapping PSFCHs, one for transmission and the other for reception. In a more complex scenario, for example, when there are two PSFCHs for transmission (e.g. PSFCH1 with the highest priority, and PSFCH2 with the third priority) and one PSFCH for reception (e.g. PSFCH3 with the second priority), it is totally unclear what the first paragraph intends to specify: when comparing PSFCH1 and PSFCH3 it says the UE shall transmit PSFCH1, and when comparing PSFCH2 and PSFCH3 it says the UE shall receive PSFCH2, however, due to half duplex assumption it is impossible to do both. To address this issue it is proposed to specify simultaneous PSFCH transmission/reception in the context of one or multiple PSFCH transmissions and one or multiple PSFCH receptions.
Secondly, we think the use of “PSFCH transmission occasion” as introduced in the second paragraph for handling of transmitting  PSFCHs in RAN1#100-e is actually less future-proof than the Editor’s original wording, i.e. one PSFCH “would overlap in time” with another PSFCH. The reason is that the latter can accommodate any potential introduction of new PSFCH format(s), with one or more than one symbol, while the former may only be valid if the one-symbol PSFCH format 0 is always used. We prefer to change back to the Editor’s original wording.
A TP is provided below for sub-clause 16.2.4.2 in TS 38.213.
	16.2.4.2	Simultaneous PSFCH transmission/reception
If a UE 
-	would transmit a first set of  PSFCH(s) and receive a second set of  PSFCH(s), and
-	a transmission or reception of any the first PSFCH in the two sets would overlap in time with a transmission or reception of any other the second PSFCH in the two sets
[bookmark: _GoBack]the UE 
-	transmits or receives only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI format 0_1 [5, TS 38.212] that are respectively associated with the first PSFCH and the second PSFCH.
If a UE would transmit   PSFCHs in a PSFCH transmission occasion, the UE transmits  PSFCHs corresponding to the smallest  priority field values indicated in all SCI formats 0_1 associated with the  PSFCH transmission(s) occasion, if the smallest value among the priority field values indicated in all SCI formats 0_1 associated with the  PSFCH transmission(s) is lower than the smallest value among the priority field values indicated in all SCI formats 0_1 associated with the  PSFCH reception(s). 
-	receives  PSFCH(s) otherwise.



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


And the following was captured in TS 38.213,
	16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a sequence associated with the resource pool [4, TS 38.211], as  where  is a physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.
[…]


The yellow highlighted text in sub clause 16.3 in TS 38.213 says  is either zero or a value indicated by higher layers, but it is ambiguous for which PSCCH/PSSCH transmission(s)  should be zero and for which PSCCH/PSSCH transmission(s)  should be a value indicated by higher layers. Literally the most possible interpretation of that sentence is that “ should be zero if no higher layer value is indicated, and should be a value indicated by higher layers otherwise”, but in our view this is an incorrect UE behaviour. For example, in Figure 3, should the same higher layer indicated value be used for both the unicast PSCCH/PSSCH transmission and the groupcast PSCCH/PSSCH transmission? Our understanding is definitely no. 
First of all, the “higher layer indicated value” is “the identity of the UE”, but only within a groupcast “link”. If a RX UE has multiple ongoing groupcast “link”s, each of them could be associated with a distinct “higher layer indicated value”.
Secondly, as indicated by the RAN1 working assumption, for unicast  should always be zero, regardless of the higher layer indicated value(s), as those higher layer indicated values are only for groupcast and should never have an impact upon unicast.
[image: ]
[bookmark: _Ref31681379]Figure 3. Should the same higher layer indicated  value be used for a unicast PSCCH/PSSCH transmission and a groupcast PSCCH/PSSCH transmission?

A TP is provided below for sub-clause 16.3 in TS 38.213.
	[bookmark: _Toc29894885][bookmark: _Toc29899184][bookmark: _Toc29899602][bookmark: _Toc29917338][bookmark: _Toc36498213]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 a ZYX field in a SCI format 0_2 scheduling the PSSCH reception indicates to the UE to report HARQ-ACK information for the PSSCH reception [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.   
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 0_2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers for the PSSCH reception.



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.


For the highlighted part, the following text was captured in specs,
	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 a ZYX field in a SCI format 02 scheduling the PSSCH reception indicates to the UE to report HARQ-ACK information for the PSSCH reception [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  for slot  based on current description. Hence, we propose 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.
	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 a ZYX field in a SCI format 0_2 scheduling the PSSCH reception indicates to the UE to report HARQ-ACK information for the PSSCH reception [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 0_2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.


Conclusion
In this contribution, we discuss some remaining issues on physical layer procedures for NR sidelink, and provide corresponding TPs.
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