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Introduction
In this document, we share our views on a few remaining issues on physical layer structure for NR sidelink.
Discussion
[bookmark: _Ref31691468]Symbol for PSFCH format 0 in a slot
So far there has not been any explicit RAN1 agreements on the (single) OFDM symbol used for PSFCH format 0, and accordingly this aspect is not yet specified in physical layer specifications (sub clause 8.3.4.2.1 of TS 38.211 refers to TS 38.213 for “the starting symbol of PSFCH”, but there is no text relating to this in TS 38.213).Proposal 1: Clarify the symbol used for PSFCH format 0 in TS 38.211
A TP is provided below for sub-clause 8.3.4.2.1 in TS 38.211.
	< Unchanged parts are omitted >
[bookmark: _Toc454818139][bookmark: _Toc29230453][bookmark: _Toc36026712][bookmark: _Toc45107551]8.3.4	Physical sidelink feedback channel
[bookmark: _Toc29230454][bookmark: _Toc36026713][bookmark: _Toc45107552]8.3.4.1	General
[bookmark: _Toc29230455][bookmark: _Toc36026714][bookmark: _Toc45107553]8.3.4.2	PSFCH format 0
[bookmark: _Toc45107554]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 last but one OFDM symbol available for SL transmission in the slotfirst OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213]
< Unchanged parts are omitted >



Symbols for PSSCH in a slot
Similarly to PSFCH, so far there has not been any explicit RAN1 agreements on determination of the number of symbols used for a PSSCH transmission. In TS 38.214 the symbols for PSSCH is specified as being determined by excluding some symbols from the configured SL symbols of a slot, specifically,
-	“The UE shall not transmit PSSCH in symbols which are configured for use by PSFCH, if PSFCH is configured in this slot”. (See symbol #12 in Figure 1)
-	“The UE shall not transmit PSSCH in the last symbol configured for sidelink”. (See symbol #13 in Figure 1)
-	“The UE shall not transmit PSSCH in the symbol immediately preceding the symbols which are configured for use by PSFCH, if PSFCH is configured in this slot”. (See symbol #11 in Figure 1)
It can be seen that the GAP symbol right after PSSCH (i.e. symbol #10 in Figure 1) has not been excluded.
[image: ]
[bookmark: _Ref37253300]Figure 1: GAP symbol after PSSCH should be excluded for PSSCH transmission
Proposal 2: Clarify exclusion of the GAP symbol after PSSCH for a PSSCH transmission in a slot.
A TP is also provided below for sub-clause 8.1.2.1 of TS 38.214.
	< Unchanged parts are omitted >
8.1.2.1	Resource allocation in time domain
The UE shall transmit the PSSCH in the same slot as the associated PSCCH.
The minimum resource allocation unit in the time domain is a slot.
The UE shall transmit the PSSCH in consecutive symbols within the slot, subject to the following restrictions:
-	The UE shall not transmit PSSCH in symbols which are not configured for sidelink. A symbol is configured for sidelink, according to higher layer parameters startSLsymbols and lengthSLsymbols, where startSLsymbols is the symbol index of the first symbol of lengthSLsymbols consecutive symbols configured for sidelink.
-	Within the slot, PSSCH resource allocation starts at symbol startSLsymbols+1.
-	The UE shall not transmit PSSCH in symbols which are configured for use by PSFCH, if PSFCH is configured in this slot.
-	The UE shall not transmit PSSCH in the last symbol configured for sidelink.
-	The UE shall not transmit PSSCH in the two consecutive symbols immediately preceding the symbol(s) which are configured for use by PSFCH, if PSFCH is configured in this slot.
< Unchanged parts are omitted >


Resource pool configuration
The determination of slots belonging to a resource pool can be summarized as 2 steps as follows,
1) UE excludes ,  and  slots from all the slots in time domain;
2) UE applies the (pre-)configured bitmap to determine the slots which belong to the resource pool corresponding to the bitmap.
Step 2 was captured in specs as follow,
	-	The UE determines the set of slots assigned to a sidelink resource pool as follows:
-a bitmap  associated with the resource pool is used where  the length of the bitmap is configured by higher layers.
- a slot  belongs to the slot pool if  where .


Accordingly, after applying the bitmap, the subscript  in slot  is discrete, which means if the offset in unit of slots of a resource pool is e.g. 31 and the first slot is denoted as , then the second slot is denoted as  and , as some slots among the set (, ,…, ) may not necessarily belong to the resource pool.
The above discussion collides with the motivation on indication of future reservation in mode 2, shown as follows.
	[bookmark: _Toc29894886][bookmark: _Toc29899185][bookmark: _Toc29899603][bookmark: _Toc29917339][bookmark: _Toc36498214][bookmark: _Toc45699244]16.4	UE procedure for transmitting PSCCH 
A UE that transmits a PSCCH with SCI format 1-A using sidelink resource allocation mode 2 [6, TS 38.214] sets 
-	"Resource reservation period" as an index in sl-ResourceReservePeriod-r16 corresponding to a reservation period provided by higher layers [11, TS 38.321], if the UE is provided sl-MultiReserveResource-r16
-	the values of the frequency resource assignment field and the time resource assignment field as described in [6, TS 38.214] to indicate  resources from a set  of resources selected by higher layers as described in [11, TS 38.321] with  smallest slot indices   for  such that , where:
-	, where  is a number of resources in the set  with slot indices  , , such that , and  is provided by sl-MaxNumPerReserve
-	each resource, from the set of  resources, corresponds to  contiguous sub-channels and a slot in a set of slots , where  is the number of sub-channels available for PSSCH/PSCCH transmission in a slot
-	 is a set of slots in a sidelink resource pool [6, TS 38.214]
-	 is an index of a slot where the PSCCH with SCI format 1-A is transmitted.


The original intention of ensuring that UE indicates the reserved resources within the offset of 31(i.e. ) mainly lies on sub-clause 8.1.5 as follows, which specifies that the maximum offset in unit of slots of a resource pool indicated by TDRA field in SCI format 1-A is 31, such that the UE is able to indicate the reserved resource. The terminology  is adopted in the above specs, while the offset in unit of slots of a resource pool between  and  might be less than 31 based on the discussions above. Thus, terminology  with dis-continuous indexing is unable to capture the motivation as discussed above.
	[bookmark: _Toc29673243][bookmark: _Toc29673384][bookmark: _Toc29674377][bookmark: _Toc36645607][bookmark: _Toc45810656]8.1.5	UE procedure for determining slots and resource blocks for PSSCH transmission associated with an SCI format 1-A
The set of slots and resource blocks for PSSCH transmission is determined by the resource used for the PSCCH transmission containing the associated SCI format 1-A, and fields "Frequency resource assignment", "Time resource assignment" of the associated SCI format 1-A as described below.
"Time resource assignment" carries logical slot offset indication of N = 1 or 2 actual resources when sl-MaxNumPerReserve is 2, and N = 1 or 2 or 3 actual resources when sl_MaxNumPerReserve is 3, in a form of time RIV (TRIV) field which is determined as follows:
if 
 
elseif 
 
else
if 
 
else
 
end if
end if
where the first resource is in the slot where SCI format 1-A was received, and  denotes i-th resource time offset in logical slots of a resource pool with respect to the first resource where for N = 2, ; and for N = 3, , .


Also, it was noticed that in sub-clause 16.4 of TS38.213, slots  are a set of slots in a sidelink resource pool, which is not the very same description in clause 8 of TS38.214 that only specifies “the set of slots that may belong to a sidelink resource pool”. Therefore, we propose to further introduce continuous indexing for slots of a resource pool.
Proposal 3: Further introduce a continuous indexing for the determined slots of a resource pool.
Corresponding TPs are provided below for clause 8 in TS38.214 and sub-clause 16.4 in TS38.213.
	[bookmark: _Toc29673233][bookmark: _Toc29673374][bookmark: _Toc29674367][bookmark: _Toc36645597][bookmark: _Toc45810646]8	Physical sidelink shared channel related procedures
[…]
-	The UE determines the set of slots assigned to a sidelink resource pool as follows:
-	a bitmap  associated with the resource pool is used where  the length of the bitmap is configured by higher layers.
-	a slot  belongs to the slot pool if  where .
The determined set of slots assigned to the sidelink resource pool are arranged in increasing order of slot index denoted by  where  and  denotes the number of ‘1’ configured within the bitmap.
The UE determines the set of resource blocks assigned to a sidelink resource pool as follows:
-	The resource block pool consists of  PRBs. 
-	The sub-channel m for  consists of a set of  contiguous resource blocks with the physical resource block number  for , where  and  are given by higher layer parameters sl_StartRB-Subchannel and sl-SubchannelSize, respectively
A UE is not expected to use the last  PRBs in the resource pool.



	16.4	UE procedure for transmitting PSCCH 
A UE that transmits a PSCCH with SCI format 1-A using sidelink resource allocation mode 2 [6, TS 38.214] sets 
-	"Resource reservation period" as an index in sl-ResourceReservePeriod-r16 corresponding to a reservation period provided by higher layers [11, TS 38.321], if the UE is provided sl-MultiReserveResource-r16
-	the values of the frequency resource assignment field and the time resource assignment field as described in [6, TS 38.214] to indicate  resources from a set  of resources selected by higher layers as described in [11, TS 38.321] with  smallest slot indices   for  such that , where:
-	, where  is a number of resources in the set  with slot indices  , , such that , and  is provided by sl-MaxNumPerReserve
-	each resource, from the set of  resources, corresponds to  contiguous sub-channels and a slot in a set of slots , where  is the number of sub-channels available for PSSCH/PSCCH transmission in a slot
-	 is a set of slots in a sidelink resource pool [6, TS 38.214]
-	 is an index of a slot where the PSCCH with SCI format 1-A is transmitted.
For decoding of a SCI format 1-A, a UE may assume that a number of bits provided by sl-NumReservedBits-r16 can have any value. 


PSFCH sequence generation
It was agreed to use the sequence of PUCCH format 0 as the starting point for PSFCH sequence generation. The specification text on PSFCH sequence generation is shown as follows,
	[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]


We noticed that determination of the cyclic shift  in  is a formula depending on a function of , which hereby is shown as follows,
	[bookmark: _Toc19796428][bookmark: _Toc26459654][bookmark: _Toc29230303][bookmark: _Toc36026562]6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to

where
-	 is the slot number in the radio frame
-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]

-	 is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in clause 6.4.1.3.3.1

-	 except for PUCCH format 0 when it depends on the information to be transmitted according to clause 9.2 of [5, TS 38.213]. 
-	 is given by
[bookmark: _Hlk23763479]-	 for PUCCH formats 0 and 1 if PUCCH shall use interlaced mapping according to any of the higher-layer parameter useInterlacePUCCH-Common-r16 or useInterlacePUCCH-Dedicated-r16, where  is the resource block number within the interlace;
-	 otherwise

The function  is given by
	



where the pseudo-random sequence  is defined by clause 5.2.1. The pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter hoppingId if configured, otherwise .


It is noticed that the pseudo-random sequence  shall be initialized with . While the issue is if the hopping identity (sl-PSFCH-HopID-r16) is not configured, there is not necessarily a cell ID for the sidelink UE since the sidelink UE might be out of coverage and without a serving cell. As PSFCH sequence generation applies for both Tx and Rx UEs and should keep a common understanding, thus we propose to adopt the layer-1 source ID conveyed in 2nd-stage SCI for the case when sl-PSFCH-HopID-r16 is not configured.
Similar issue happens for group and sequence hopping with  as a function of the cell ID. Hence, similar approach based on layer-1 source ID can be considered.
Proposal 4: For PSFCH sequence and cyclic shift hopping, the pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter sl-PSFCH-HopID-r16 if configured, otherwise .
	A TP is provided below for sub-clause 8.3.4.2.1 in TS38.211.8.3.4.2.1	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]
-   is given by the higher-layer parameter sl-PSFCH-HopID-r16 if configured, otherwise  is given by source ID of [4, TS 38.212].


Rate matching of 2nd-stage SCI
As specified in TBS determination, the overhead of accurate 1st SCI (i.e. PSCCH) is considered as follows,
	[bookmark: _Toc29673241][bookmark: _Toc29673382][bookmark: _Toc29674375][bookmark: _Toc36645605][bookmark: _Toc45810654]8.1.3.2	Transport block size determination


For the PSSCH assigned by SCI, if Table 5.1.3.1-2 is used and , or a table other than Table 5.1.3.1-2 is used and , the UE shall first determine the TBS as specified below:
The UE shall first determine the number of REs (NRE) within the slot.
[…]

-	A UE determines the total number of REs allocated for PSSCH () by , where
-	nPRB is the total number of allocated PRBs for the PSSCH, 
-	 is the total number of REs occupied by the PSCCH and PSCCH DMRS.
-	 is the number of coded modulation symbols generated for 2nd-stage SCI transmission (prior to duplication for the 2nd layer, if present) according to Clause 8.4.4 of [5, TS 38.212].
   […]


Regarding the modulated symbols determination of 2nd SCI, it is noticed that ) is the number of subcarriers that can be used for transmission of the 2nd SCI in OFDM symbol  and captured as  =  -  - . Without consideration of PSCCH overhead, when UE subtracts both  and  in determining , it would mean the overhead of PSCCH is subtracted twice in TBS determination. Hence, we have the following proposal.
Proposal 5: ) considers the overhead of 1st SCI, i.e. ).
A TP is provided below for sub-clause 8.4.4 in TS38.212.
	[bookmark: _Toc29326643][bookmark: _Toc29327793][bookmark: _Toc36045983][bookmark: _Toc36046243][bookmark: _Toc36046389][bookmark: _Toc45209307]8.4.4	Rate Matching
For 2nd-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols generated for 2nd-stage SCI transmission prior to duplication for the 2nd layer if present, denoted as , is determined as follows:

where
-	 is the number of the 2nd-stage SCI bits 
-	 is the number of CRC bits for the 2nd-stage SCI, which is 24 bits. 
-	 is indicated in the corresponding 1st-stage SCI. 
-	 is the scheduled bandwidth of PSSCH transmission, expressed as a number of subcarriers;
-   is the number of subcarriers in OFDM symbol  that carries PSCCH.
-	 is the number of subcarriers in OFDM symbol  that carries DMRS, in the PSSCH transmission.
-	 is the number of subcarriers in OFDM symbol  that carries PT-RS, in the PSSCH transmission.
-	 is the number of resource elements that can be used for transmission of the 2nd-stage SCI in OFDM symbol , for  and for , in PSSCH transmission, where  = sl-lengthSymbols - 2, where sl-lengthSymbols is the number of sidelink symbols within the slot provided by higher layers as defined in [6, TS 38.214]. If higher layer parameter sl-PSFCH-Period = 2 or 4,   = 3 if "PSFCH overhead indication" field of SCI format 1-A indicates "1", and  = 0 otherwise. If higher layer parameter sl-PSFCH-Period = 0, . If higher layer parameter sl-PSFCH-Period is 1, .
-	 =  -  -  - 
-	 is the number of vacant resource elements in the resource block to which the last coded symbol of the 2nd-stage SCI belongs.
-	 is the coding rate as indicated by "Modulation and coding scheme" field in SCI format 1-A.
-	 is configured by higher layer parameter sl-Scaling.


MCS table indication for different transmissions of a TB
In NR sidelink, if configured with more than one MCS tables, TX UE indicates the used MCS table in SCI transmission. We noticed that the minimum MCS index for retransmission (denoted as V) is different among different MCS tables due to whether to support 256QAM, e.g. for Table 5.1.3.1-1, V=29; For Table 5.1.3.1-2, V=28. For TBS determination in NR sidelink, if TX UE uses the retransmission MCS index, the TBS is assumed to be as determined from the SCI for the same TB using , which is same as in NR Uu. Nevertheless, as MCS table is dynamically indicated via SCI, a clarification that TX UE does not change the indicated MCS table in different transmissions of a TB is needed to avoid ambiguity.
Proposal 6: For different transmissions of a TB, TX UE does not change the used MCS table.
A TP is provided below for sub-clause 8.1.3.1 in TS38.214.
	[bookmark: _Toc29673240][bookmark: _Toc29673381][bookmark: _Toc29674374][bookmark: _Toc36645604][bookmark: _Toc45810653]8.1.3.1	Modulation order and target code rate determination
IMCS is given by the "Modulation and coding scheme" field in SCI format 1-A.
[bookmark: _GoBack]The MCS table is determined as follows: Table 5.1.3.1-1 is used if no additional MCS table is configured by higher layer parameter sl-MCS-Table; otherwise an MCS table is determined according to Table 8.1.3.1-1 or Table 8.1.3.1-2 and "MCS table indicator" field in SCI format 1-A. 
Table 8.1.3.1-1: Mapping of one bit of MCS table indicator to MCS table
	MCS table indicator
	MCS table

	'0'
	Table 5.1.3.1-1

	'1'
	1st table provided by higher layer parameter sl-Additional-MCS-Table



Table 8.1.3.1-2: Mapping of two bits of MCS table indicator to MCS table
	MCS table indicator
	MCS table

	'00'
	Table 5.1.3.1-1

	'01'
	1st table provided by higher layer parameter sl-Additional-MCS-Table

	'10'
	2nd table provided by higher layer parameter sl-Additional-MCS-Table

	'11'
	reserved



The UE shall use the same MCS table for retransmission(s) as the initial transmission of a TB.
The UE shall use IMCS and the MCS table determined according to the previous step to determine the modulation order (Qm) and Target code rate (R) used in the physical sidelink shared channel.



Conclusion
In this contribution, we discuss some remaining issues on physical layer structure for NR sidelink, and make the following proposals.
Proposal 1: Clarify the symbol used for PSFCH format 0 in TS 38.211
Proposal 2: Clarify exclusion of the GAP symbol after PSSCH for a PSSCH transmission in a slot in TS 38.214.
Proposal 3: Further introduce a continuous indexing for the determined slots of a resource pool.
Proposal 4: For PSFCH sequence and cyclic shift hopping, the pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter sl-PSFCH-HopID-r16 if configured, otherwise .
Proposal 5: ) considers the overhead of 1st SCI, i.e. ).
Proposal 6: For different transmissions of a TB, TX UE does not change the used MCS table.
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