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Introduction
This document provides our view on remaining issues on physical layer structure for sidelink in NR V2X. 
Discussion
Frequency domain DMRS pattern for PSSCH
For Frequency domain of DMRS pattern, following is working assumption.
	Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS


The reason of type 2 supports in Uu is to maximize the number of orthogonal DMRS ports. For sidelink operation, even if larger number of orthogonal ports are specified, it cannot be used well especially for resource allocation mode 2. Therefore, our view is only DMRS configuration type 1 is sufficient. If both DMRS configuration type 1 and type 2 needs to be supported, which DMRS configuration type is used is (pre-)configured for a resource pool.
Proposal 1: As frequency domain of DMRS, DMRS configuration type 1 only is supported for PSSCH. If both DMRS configuration type 1 and type 2 needs to be supported, which type is used is (pre-)configuration.
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 respective PSCCH. This is required as the first PSCCH may or may not be received by the Rx UE. In Uu, TB size is determined by the available number of REs as the input i.e. frequency allocation and the number of allocated symbols as follows.





 is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH/PUSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data. is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig.
For time domain, the number of PSSCH symbol can vary slot to slot because some of slots contain PSFCH and the symbol for PSSCH is reduced. In order to overcome this, the variation of PSSCH symbols in each slot should not be taken into account for TB size calculation. The symbol length of PSSCH varies further slot to slot in licensed band TDD operation because of sidelink available symbol varies further. In order to cover such cases, the number of symbols for TB determination should be based on the (pre-)configured number. 
In the TBS determination algorithm for sidelink, more detail could be following. 
For the number of DMRS RE, , either of the design 1) varied based on the actual number of DMRS symbol or 2) set as zero are possible. The number of DMRS symbol would be usually constant over a TB transmission. Therefore, to use actual number of DMRS symbol would not have problem as far as Tx UE shall use the same number of DMRS during the same TB transmission. The other alternative is to set zero and the possible DMRS overhead is taken into account for (pre-)configuration of the number of symbols.    
For the number of symbols in sidelink , we propose "= min (lengthSLsymbols in the resource pool) -2" is used. 1 symbol is first symbol for AGC and 1 symbol is last symbol for gap.
[bookmark: _Hlk32415358]For the overhead , this can be taken into account for (pre-)configuration of the number of symbols if additional RRC parameter is acceptable. If additional RRC parameter is not acceptable,  could be follows. This means average overhead of PSFCH is taken into account.
-	0 if PSFCH is not configured.
-	 if periodPSFCHresource is 4. 
-	 if periodPSFCHresource is 2.
-	 if periodPSFCHresource is 1.
periodPSFCHresource the period of slot having PSFCH resource in a resource pool.

Proposal 2: TB size determination algorithm is reused except following modifications.
- On the time domain, TB size is determined by a (pre)configured number of symbols. It is expected to set the minimum number of symbols in a slot.
- If additional RRC parameter is acceptable,  is (pre)configured. If additional RRC parameter is not acceptable,  includes following overhead.
-	0 if PSFCH is not configured.
-	 if periodPSFCHresource is 4. 
-	 if periodPSFCHresource is 2.
-	 if periodPSFCHresource is 1.
periodPSFCHresource denotes the period of slot having PSFCH resource in a resource pool.

PSCCH mapping in a sub-channel
[bookmark: _Hlk23944873]Followings are working assumption and agreement.
	Working assumption(RAN1#99):
· Candidate numbers of PRBs for 2-symbol and 3-symbol PSCCH are 
· {10, 12 15, 20, 25}
Agreements (RAN1#98bis):
· Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size
· FFS other values (e.g., 4, 5, 6, etc.)
· One value of the above set is (pre)configured for the sub-channel size for the resource pool.
· Size of PSCCH: X
· X  N, where N is the number of PRBs of the subchannel
· X is (pre)-configurable with values FFS, X


DMRS symbol for PSSCH is FDMed with PSCCH. For Rx UE, when 10 PRBs are configured as a sub-channel size, each subchannel can be from different UEs and PSSCH DMRS positions can be also different on each subchannel. We think this should be the most demanding case for Rx UE channel estimation complexity. When 15 PRBs are the subchannel size, to support FDM between DMRS symbol for PSSCH and PSCCH requires more channel estimation complexity because two types of channel estimation are required for each 15 PRBs. Therefore, we propose not to support FDM between PSCCH and PSSCH when subchannel size is 15 PRBs. As the minimum number of PRBs for PSCCH is 10, sub-channel size 10 naturally does not support FDM.
Proposal 3: For 10 and 15 PRBs subchannel size, PSCCH spans a whole sub-channel. 

Second stage SCI design
Followings are agreement 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.

Agreements:
· When PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers.
· X(0)(i)=d(0)(i), X(1)(i)=d(0)(i)
· Note: it does not mean that precoding cycling is required




Followings is 2nd stage SCI transmission in CR 38.212[2].
	For 2nd-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols for 2nd-stage SCI transmission, decoted as , is determined as follows:

where
-	 is the number of the SCI format 0-2 bits 
-	 is the number of CRC bits for SCI format 0-2, which is [xxx] bits. 
-	 is indicated in the corresponding SCI format 0-1. 
-	 is the number of code blocks for SL-SCH of the PSSCH transmission.
-	 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 subcarriers in OFDM symbol  that carries CSI-RS, in the PSSCH transmission.
-	 is the number of resource elements that can be used for transmission of the SCI format 0-2 in OFDM symbol , for , in PSSCH transmission and  is the number of allocated symbols for the PSSCH except AGC symbol as defined in [6, TS 38.214]:
-	 =  -  -  -  
-	 is the number of otherwise vacant resource elements in the resource block to which the last coded symbol of the SCI format 0-2 belongs.
-	 is the -th code block size for SL-SCH of the PSSCH transmission.
-	 is configured by higher layer parameter [SL-scaling].

The input bit sequence to rate matching is , where  is the number of coded bits.
Rate matching is performed according to Subclause 5.4.1 by setting .
The output bit sequence after rate matching is denoted as , where  and  is modulation order of SCI format 0-2.




Followings is DMRS time domain location in CR 38.213[3].
	The position(s) of the DM-RS symbols is given by  according to Table 8.4.1.2.2-1 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 8.4.1.2.2-1: 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. 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. We propose to map starting from the first available DMRS symbol. 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 8.4.1.2.2-1 [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

When first available DMRS symbol is 1st symbol and second available DMRS symbol is 5th symbol, according to above proposed order of 2nd stage SCI mapping, 2nd stage SCI is mapped from earlier symbols. At 4th symbol, if 2nd stage SCI is mapped from lower index of PRB, Rx UE needs to wait 2nd available DMRS as 1st available DMRS is not sent in the PRB containing PSCCH. If 2nd stage SCI is mapped from upper index of PRB toward lower index, 2nd SCI demodulation is possible based on 1st available DMRS without waiting the second DMRS. This situation is illustrated in figure 2. Therefore, we propose 2nd stage SCI is mapped from larger to lower index number of PRB.
[image: ]
Figure 2. Second stage SCI mapping when 1st available DMRS symbol is 1st symbol


Proposal 4: 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.
Proposal 5: In the frequency domain, 2nd stage SCI is mapped from larger to lower index number of PRBs in a symbol.

Cyclic shift determination for PSFCH sequence
Following is agreement in RAN1#99.
	Agreements:
The number of cyclic shift pairs used for a PSFCH transmission (denoted by Y) that can be multiplexed in a PRB is (pre-)configured per resource pool among {1, 2, 3, 4, 6}.



The detailed sequence of ACK/NACK is not decided yet. ACK and NACK are mapped to be enough separated as similar as PUCCH design in order to distinguish them. If there is high possibility to use continuous number of cyclic shift sequence can be used, for Y=6, to swap the order of usage like (0, 6), (2, 8), (4,10), (1, 7), (3, 9), (5,11) can be useful as the tool to separate the resource. On the other hand, our current thinking on the determination of PSFCH resources is the lowest index is determined by , the identity of the UE receiving the PSSCH as indicated by higher layers. In this case, continuous number would not be so frequently happened. Then just natural index order would be sufficient.
We propose follows
· For Y = 1, cyclic shift pairs (NACK, ACK) can be (0, 6).
· For Y = 2, cyclic shift pairs (NACK, ACK) can be (0, 6), (3, 9).
· For Y = 3, cyclic shift pairs (NACK, ACK) can be (0, 6), (2, 8), (4,10).
· For Y = 4, cyclic shift pairs (NACK, ACK) can be (0, 6), (1, 7), (3, 9), (4,10).
· For Y = 6, cyclic shift pairs (NACK, ACK) can be (0, 6), (1, 7), (2, 8), (3, 9), (4,10), (5,11).
For Y=4, the cyclic shift pairs are not equally spaced in sequence domain. 
Proposal 6: Sequences of ACK/NACK are follows.
· [bookmark: _Hlk16588648]For Y = 1, cyclic shift pairs (NACK, ACK) can be (0, 6).
· For Y = 2, cyclic shift pairs (NACK, ACK) can be (0, 6), (3, 9).
· For Y = 3, cyclic shift pairs (NACK, ACK) can be (0, 6), (2, 8), (4,10).
· For Y = 4, cyclic shift pairs (NACK, ACK) can be (0, 6), (1, 7), (3, 9), (4,10).
· For Y = 6, cyclic shift pairs (NACK, ACK) can be (0, 6), (1, 7), (2, 8), (3, 9), (4,10), (5,11).

Scrambling sequence
Following were proposed in FLS[1].
	· For PSCCH scrambling, 
· PDCCH scrambling is reused by replacing n_RNTI to [xxx] and by replacing n_ID to [xxx]
· For PSSCH scrambling,
· PUSCH scrambling is reused by replacing n_RNTI to [xxx] and by replacing n_ID to [xxx]
· 2nd SCI scrambling
· PUSCH scrambling is reused by replacing n_RNTI to [xxx] and by replacing n_ID to [xxx]


For all channels (PSCCH, PSSCH and 2nd stage SCI), n_ID is determined by a (pre-)configured value per resource pool for PSSCH DMRS is used. For PSSCH, the interference randomization by destination ID might have merit to improve BLER. Then, the scrambling sequence generator could be initialised with

For PSCCH/2nd stage SCI, only n_ID is used for scrambling since destination ID is indicated in 2nd stage SCI. Then, the scrambling sequence generator could be initialised with


[bookmark: _GoBack]Proposal 7: The scrambling sequence generator is initialised with
  for PSSCH
  for PSCCH and 2nd stage SCI

Conclusion
In this contribution we discussed physical layer structure for sidelink in NR V2X and followings are proposed, 
Proposal 1: As frequency domain of DMRS, DMRS configuration type 1 only is supported for PSSCH. If both DMRS configuration type 1 and type 2 needs to be supported, which type is used is (pre-)configuration.
Proposal 2: TB size determination algorithm is reused except following modifications.
- On the time domain, TB size is determined by a (pre)configured number of symbols. It is expected to set the minimum number of symbols in a slot.
- If additional RRC parameter is acceptable,  is (pre)configured. If additional RRC parameter is not acceptable,  includes following overhead.
-	0 if PSFCH is not configured.
-	 if periodPSFCHresource is 4. 
-	 if periodPSFCHresource is 2.
-	 if periodPSFCHresource is 1.
periodPSFCHresource denotes the period of slot having PSFCH resource in a resource pool.
Proposal 3: For 10 and 15 PRBs subchannel size, PSCCH spans a whole sub-channel. 
Proposal 4: 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.
Proposal 5: In the frequency domain, 2nd stage SCI is mapped from larger to lower index number of PRBs in a symbol.
Proposal 6: Sequences of ACK/NACK are follows.
· For Y = 1, cyclic shift pairs (NACK, ACK) can be (0, 6).
· For Y = 2, cyclic shift pairs (NACK, ACK) can be (0, 6), (3, 9).
· For Y = 3, cyclic shift pairs (NACK, ACK) can be (0, 6), (2, 8), (4,10).
· For Y = 4, cyclic shift pairs (NACK, ACK) can be (0, 6), (1, 7), (3, 9), (4,10).
· For Y = 6, cyclic shift pairs (NACK, ACK) can be (0, 6), (1, 7), (2, 8), (3, 9), (4,10), (5,11).
Proposal 7: The scrambling sequence generator is initialised with
 for PSSCH
  for PSCCH and 2nd stage SCI
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