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Introduction
This document provides our view on remaining issues on physical layer structure for sidelink in NR V2X. 
Discussion
TBS determination
During the retransmission of the same TB, even if the resource allocation size in time and frequency is changed, the same TB size should be indicated in each respective PSCCH when soft combining of TB is intended by Tx UE. This is required as the first PSCCH/PSSCH of the same TB may not be received by the Rx UE i.e. the BLER of initial transmission is higher caused by half duplex issue and so on. It is difficult to indicate the same TBS for the different combination of MCS and PSSCH PRBs since the order of frequency resource allocation is coarse i.e. subchannel. Therefore, we'd like to focus the design of the case of same MCS and same number of PSSCH PRBs (subchannels) between initial transmission and retransmission.
In RAN1#101-e meeting, the number of PSFCH symbols could be indicated by 1st stage SCI, usage of average number of REs of DMRS according to sl-PSSCH-DMRS-TimePattern, the value of sl-xOverhead for PT-RS and CSI-RS is (pre-)configured among {0, 3, 6, 9} are agreed. Those are reflected to TS38.213[1] as follows. 
	

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 first determines the number of REs allocated for PSSCH within a PRB () by , where  
-	 is the number of subcarriers in a physical resource block, 
-	 = sl-lengthSLsymbols -2, where sl-lengthSLsymbols is the number of sidelink symbols within the slot provided by higher layers, 
-	 = 3 if "PSFCH overhead indication" field of SCI format 1-A indicates "1", and  = 0 otherwise, if higher layer parameter sl-PSFCH-Period is 2 or 4. If higher layer parameter sl-PSFCH-Period is 0, . If higher layer parameter sl-PSFCH-Period is 1, .
-	 is the overhead given by higher layer parameter sl-xOverhead, 
-	 is given by Table 8.1.3.2-1 according to higher layer parameter sl-PSSCH-DMRS-TimePattern.
Table 8.1.3.2-1:  according to higher layer parameter sl-PSSCH-DMRS-TimePattern
	sl-PSSCH-DMRS-TimePattern
	

	{2}
	12

	{3}
	18

	{4}
	24

	{2,3}
	15

	{2,4}
	18

	{3,4}
	21

	{2,3,4}
	18



-	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].




The remaining issue of TBS determination is related to gamma in 2nd SCI overhead. The conclusion in RAN1#101-e for gamma of 2nd SCI mapping for TBS determination is follows;
	RAN1 down-selects one of the following options in RAN1#102.
· Option 1
· Gamma of 2nd SCI mapping for TBS determination is based on "really" 2nd SCI RE usage.
· The number of overlapped PT-RS and DMRS with 2nd SCI are taken into account for the gamma determination, although non-overlapped PT-RS and DMRS with 2nd SCI are not taken into account.
· Option 2
· Gamma of 2nd SCI mapping for TBS determination is assumed to be zero.
· The number of overlapped/non-overlapped PT-RS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.
· The number of overlapped/non-overlapped DMRS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.




In TS 38.212[2],  is determined as follows.
	[bookmark: _Hlk47524082]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 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.



Agreements in RAN1#100b-e are follows;
	Agreements:
For 2nd SCI overhead in the TBS determination, the actual number of REs occupied by the 2nd SCI is used.
Agreements:
For PSFCH overhead in the TBS determination, use the number of PSFCH symbols indicated by SCI.  
For PSSCH DMRS overhead in the TBS determination, the reference  number of REs occupied by PSSCH DMRS is used, where the reference number of REs is the average number of DMRS REs among (pre-)configured patterns.
For CSI-RS and PT-RS overheads in the TBS determination, a new higher layer parameter, e.g., sl-xOverhead, is introduced per resource pool.



Although the agreement in RAN1#100b-e is “the actual number of REs occupied by the 2nd SCI is used” for TBS determination and it is reflected as 	 =  -  -    in TS38.212[2], our understanding of the agreement of "actual" is related to whether beta factor and coding rate of 2nd SCI are based determined by the indicated value or something hypothetical value like averaged one. We didn't discuss whether the RE variation caused by DMRS/PT-RS are influenced or not to determine the word "actual". As PT-RS RE location is determined by PRB position in the frequency, the number of overlapped REs are different depending on where PSSCH is assigned in the frequency even when the number of sub-channel assignment is same between initial and retransmissions. Not only to take into account the number of subchannel but also to take into account the frequency position to determine the number of overlap between PT-RS and DMRS increase UE calculation complexity for TBS determination. In addition, the frequency assignment of initial/retransmission needs to be clarified if actual overlap between PT-RS and DMRS are taken into account. Therefore, we propose option 2 in conclusion for RAN1#101-e as gamma of 2nd SCI mapping for TBS determination is assumed to be zero and the number of overlapped/non-overlapped PT-RS and DMRS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.
[bookmark: _Hlk47524337]Proposal 1: 
- Gamma of 2nd SCI mapping for TBS determination is assumed to be zero.
- The number of overlapped/non-overlapped PT-RS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.
- The number of overlapped/non-overlapped DMRS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.

Second stage SCI design
In TS 38.211[3], Mapping to virtual resource blocks of 2nd stage SCI and PSSCH is follows.
	8.3.1.5	Mapping to virtual resource blocks
For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor   in order to conform to the transmit power specified in [5, TS 38.213] and mapped to resource elements  in the virtual resource blocks assigned for transmission, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission.
The mapping operation shall be done in two steps:
-	first, the complex-valued symbols corresponding to the bit for the 2nd-stage SCI in increasing order of first the index  over the assigned virtual resource blocks and then the index , starting a the first PSSCH symbol carrying an associated DM-RS and meeting all of the following criteria:
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or PSCCH;
-	secondly, the complex-valued modulation symbols not corresponding to the 2nd -stage SCI shall be in in increasing order of first the index  over the assigned virtual resource blocks, and then the index  with the starting position given by [6, TS 38.214] and meeting all of the following criteria:
-	the resource elements are not used for 2nd-stage SCI in the first step; 
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, CSI-RS, or PSCCH.
[bookmark: _Hlk26193790]The resource elements used for the PSSCH in the first OFDM symbol in the mapping operation above shall be duplicated in the OFDM symbol immediately preceding the first OFDM symbol in the mapping.



Followings are agreement in RAN1#99 for 2nd stage SCI.
	Agreements :
· Regarding the previous agreement that RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used:
· The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· [bookmark: _Hlk29298870]The 2nd stage SCI is mapped in frequency first with RB granularity, and then mapped in the next symbol(s).
· The mapping is done by mapping to all RBs in the all sub-channels for the scheduled PSSCH in one symbol first before moving on the next symbol, except possibly the following:
· [bookmark: _Hlk30577704]FFS whether to allow FDM between the 2nd stage SCI and PSCCH or not
· [bookmark: _Hlk30577848]FFS whether to allow FDM between the 2nd stage SCI and PSSCH DM-RS REs
· For modulation order of the 2nd stage SCI, QPSK is used.
· FFS the case of standalone SCI (if supported)

Agreements:
· [bookmark: _Hlk27561915]For RE mapping of the 2nd stage SCI, FDM between 2nd stage SCI and PSSCH DMRS in the same symbol is allowed.



Followings is DMRS time domain location in TS 38.211[3].
	The position(s) of the DM-RS symbols is given by  according to Table 8.4.1.1.2-1 where  is the duration of the scheduled resources for transmission of PSSCH and the associated PSCCH, including the OFDM symbol duplicated as described in clauses 8.3.1.5 and 8.3.2.3.
Table 8.4.1.1.2-1: PSSCH DM-RS time-domain location.
	  in symbols
	DM-RS position 

	
	PSCCH duration 2 symbols
	PSCCH duration 3 symbols

	
	Number of PSSCH DM-RS
	Number of PSSCH DM-RS

	
	2
	3
	4
	2
	3
	4

	6
	1, 5
	
	
	1, 5
	
	

	7
	1, 5
	
	
	1, 5
	
	

	8
	1, 5
	
	
	1, 5
	
	

	9
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	10
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	11
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	12
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	13
	3, 10
	1, 6, 11
	1, 4, 7, 10
	4, 10
	1, 6, 11
	1, 4, 7, 10


 



Second stage SCI is mapped to which symbols is not concluded and “starting a the first PSSCH symbol carrying an associated DM-RS” in TS 38.211[3] is unclear whether actual DM-RS or 1st DMRS in Table 8.4.1.1.2-1. The 2nd stage SCI should be decoded before PSSCH decoding. The required reliability of 2nd stage SCI is higher than reliability of PSSCH with HARQ feedback. Therefore, 2nd stage SCI is useful to be located on near DMRS and earlier symbols to improve the channel estimation performance. When PSCCH span the whole assigned sub-channel (i.e. the number of PRB of PSCCH and the number of PRB in a subchannel are same and one subchannel is allocated for a PSSCH), first DMRS (=1) in Table 8.4.1.1.2-1 [3] is not transmitted. In this case, first available DMRS is 2nd DMRS. For other case, first available DMRS is 1st DMRS in Table 8.4.1.2.2-1 [3]. If the first available DMRS symbol is not sufficient for 2nd stage SCI for RE mapping, 2nd stage SCI is mapped further for the symbols before the first available DMRS symbol for the PRB not containing 1st stage SCI. If these symbols before first available DMRS symbol is still not enough, 2nd stage SCI is mapped for the symbols after the first available DMRS symbol. Figure 1 shows the case first available DMRS is 4th symbol.

[image: ]
[bookmark: _Ref32487965]Figure 1. Second stage SCI mapping when 1st available DMRS symbol is 4th symbol

Proposal 2: In the time domain, 2nd stage SCI is mapped in the following order. 
- the first available DMRS symbol
- the symbols before the first available DMRS symbol
- the symbols after first available DMRS symbol.
Conclusion
In this contribution we discussed physical layer structure for sidelink in NR V2X and followings are proposed. 
Proposal 1: 
- Gamma of 2nd SCI mapping for TBS determination is assumed to be zero.
- The number of overlapped/non-overlapped PT-RS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.
- The number of overlapped/non-overlapped DMRS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.

Proposal 2: In the time domain, 2nd stage SCI is mapped in the following order. 
- the first available DMRS symbol
- the symbols before the first available DMRS symbol
- the symbols after first available DMRS symbol.
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