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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
Agreements in RAN1#100-e are follows;
	Agreements:
For sidelink TBS determination, N_RE’ and/or N_RE are calculated based on the procedure step 1) in 5.1.3.2 Transport block size determination of TS38.214 with the following considerations.
 For the number of PSSCH symbols,
  AGC symbol and GP symbol in the end of slot are excluded. 
 PSCCH overhead
  The exact number of REs for PSCCH (including PSCCH DMRS) is considered
 2nd SCI overhead
  FFS: How to consider the 2nd SCI 
  This is not intended to revert the existing agreement on the 2nd SCI mapping FFS: How to handle the relationship between PSSCH TBS determination and 2nd stage SCI modulated symbols determination. 
 FFS: how to consider PSFCH, PSSCH DMRS, GP symbols before PSFCH, SL PT-RS, SL CSI-RS
                       FFS: N_oh^PRB is introduced or not (pre-)configured per resource pool. 
          The overhead for SL PT-RS and SL CSI-RS is considered as already included in N_oh^PRB.
       FFS: The number of candidiate values for N_oh^PRB is 8.
It is RAN1’s understanding that a UE is not expected to receive a retransmission with a TB size that is different from the last valid TB size signalled for this TB.
      Note: The design will be such that the TBS is the same between a transmission and its re-transmission(s).



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. 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 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.

How 2nd SCI overhead is taken into account
In current 38.212 section 8.4.4, 2nd SCI overhead is related to , where related to TBS. The 2nd SCI overhead is depending on the TBS. The relation between 2nd SCI overhead and TBS is chicken and egg problem.
	

-	 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.
[bookmark: _Hlk36647045]-	 is the -th code block size for SL-SCH of the PSSCH transmission.
-	 is configured by higher layer parameter [SL-scaling].



We observe there are following alternatives to solve this issue.
	Alt 1: Overhead is always not taken into account.
Alt 2:    is  replaced to . is modulation order. Modulation and coding scheme is indicated by 1st SCI. It can calculate 2nd SCI overhead depending on the modulation order of PSSCH. 
Alt 3:  is used to determine the 2nd SCI overhead.



In Alt1, the assumption is the Tx UE selects lower MCS with 2nd SCI overhead knowledge in order to achieve the target BLER. The consequence is depending on 2nd SCI overhead, the very lower coding rate is not supported because the actual coding rate is higher for the amount of 2nd SCI overhead. However, as lower rate MCS is also usable, it is not significant issue.  In alt 2 and alt 3, overhead of Alt 2 requires revising the working assumption. In Alt 3, additional RRC parameter for   like 6,12,16,24,30,36,42,43,60 REs is necessary. Exact candidate value and signalling (Uu RRC or PC5 RRC) should be concluded. 
From above observation, we propose to take Alt 1.
Proposal 1: Overhead of 2nd SCI is always not taken into account.

How the resource size variation caused by PSFCH is taken into account
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 size determination should be based on the (pre-)configured number. 
In e-mail discussion [100e-NR-5G_V2X_NRSL-PHYstructure-01], following alternatives are identified.
	· A1. The number of PSSCH symbols are based on the slot having the PSSCH. i.e. The number of PSSCH symbols may differ slot by slot depending on the existence of PSFCH resources
· A2. The number of PSSCH symbols are obtained as the average on the all slots in the resource pool.
· A3: dynamically indicate whether PSFCH symbols (3) are subtracted from the available symbols (FFS signaling can be implicit or explicit)
· A4. The number of PSSCH symbols are obtained as the maximum on the all slots in the resource pool.
· A5: dynamically indicate the number PSFCH symbols (1 to 3) to be subtracted from the available symbols



We support A2 that the number of PSSCH symbols are obtained as the average on the all slots in the resource pool. We observe the PSFCH overhead is largest overhead when the resource allocation of frequency domain is large. A2 has no impact on both RRC signalling and SCI signalling. If periodPSFCHresource is zero, there is no PSFCH symbols. For periodPSFCHresource =1,2,4, the number of symbols for PSFCH overhead is 2 symbols in a slot with PSFCH. A number of  PSSCH slots associated with a PSFCH slot. Then average of the numbers of PSSCH symbols for  =1,2,4 are follows.
The number of symbols in a SL slot - .
We are also ok with o A4 with maximum overhead. It is suitable for lower coding rate. The Tx UE can select suitable MCS to achieve the target BLER with PSFCH overhead knowledge.
Proposal 2: The number of PSSCH symbols for TB size determination is based on the slot having the PSSCH.

How PSSCH DMRS/SL-PTRS/SL-CSI-RS resource are taken into account
We observe there are following alternatives 
	Alt 1: Overhead is always not taken into account.
Alt 2:The actual number of REs is considered
Alt 3:  is used to determine the 2nd SCI overhead.



As same reason as 2nd SCI overhead consideration, Alt 1 could be acceptable design. The Tx UE can select suitable MCS with actual overhead. On the other hand, the resources of RS (DMRS/SL-PTRS/SL-CSI-RS) would be usually constant over a TB transmission as the channel condition would be no significant difference in these periods. Therefore, Alt 2 with actual number of REs would not have problem as far as Tx UE shall use the same number of RS during the same TB transmission. If   is introduced (Alt3), exact candidate value and signalling (Uu RRC or PC5 RRC) should be concluded.
Observation 1: Both no overhead (Alt 1) and actual overhead (Alt 2) of RS (DMRS/SL-PTRS/SL-CSI-RS) are possible.

Resource pool configuration
Followings are agreements and working assumption of resource pool configuration on e-mail discussion [100e-NR-5G_V2X_NRSL-PHYstructure-02].
	Agreements:
· For resource pool configuration, slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity. 
Agreements:
For derivation of the set of slots to be included in the resource pool, the baseline is the derivation with bitmap and periodicity based on Subclause 14.1.5 of TS36.213 with the following modifications.
· FFS:  Periodicity and L_bitmap value
· The slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if serving cell timing reference is in use, or DFN 0 otherwise
· The following procedure is used. 
· The set includes all the slots except the following slots:  
· Slots in which SLSS resource is configured, 
· (Working assumption) slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon, where  
· X is sl-LengthSymbols
· Y is sl-StartSymbol
· (Working assumption)  reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213               
 
Working assumption
· For the number of PRBs for resource pool, allow configuration of all  number of PRBs in a SL BWP. 
· FFS until RAN1#100bis-e whether/how to deal with remaining PRBs if the configured PRBs for resource pool is not a multiple of subchannel size.



Time domain
Whether to assume to assume that the TDD-UL-DL-ConfigCommon is restricted according to PSBCH contents was raised in e-mail discussion. By taking into account the broadcasted PSBCH contents for the network deployment, this can be resolved. Therefore, we think WA can be confirmed without additional enhancement.
Proposal 3: Following working assumption should be confirmed without additional enhancement.
· (Working assumption) slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon, where  
· X is sl-LengthSymbols
· Y is sl-StartSymbol
· (Working assumption)  reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213        

For periodicity following alternatives are discussed in [100e-NR-5G_V2X_NRSL-PHYstructure-02].
	A1. 10240 ms (Same as LTE V2X)
A2. 160 ms 
A3. TDD-UL-DL-ConfigCommon
A4. 20ms 



We think 160ms and TDD-UL-DL-ConfigCommonwould would be enough period. To reuse LTE design, 10240m is also acceptable.

Observation 2: periodicity of resource pool could be 160ms or TDD-UL-DL-ConfigCommonwould. Also 10240 ms as same as LTE V2X is acceptable.

Frequency domain
Whether/how to deal with remaining PRBs if the configured PRBs for resource pool is not a multiple of subchannel size was discussed. “The remaining PRBs are not used in Rel-16, where the remaining PRBs will have highest PRB index in the resource pool” was proposed.  However, no consensus was achieved in e-mail discussion. 
We support above proposal for rel.16. When sub-channel size is small like 10 PRBs, the wasted PRBs are not so large.
Proposal 4: The remaining PRBs are not used in Rel-16, where the remaining PRBs will have highest PRB index in the 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. This is 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 5: For 10 and 15 PRBs subchannel size, PSCCH spans a whole sub-channel. 

Second stage SCI design
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.

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 DMRS time domain location in TS 38.211[3].
	The position(s) of the DM-RS symbols is given by  according to Table 8.4.1.2.2-1 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 6: 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 7: In the frequency domain, 2nd stage SCI is mapped from larger to lower index number of PRBs in a symbol.

Scrambling sequence
Following were proposed in FLS in RAN1#99[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


Proposal 8: 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: Overhead of 2nd SCI is always not taken into account.
Proposal 2: The number of PSSCH symbols for TB size determination is based on the slot having the PSSCH.
Observation 1: Both no overhead (Alt 1) and actual overhead (Alt 2) of RS (DMRS/SL-PTRS/SL-CSI-RS) are possible.

Proposal 3: Following working assumption should be confirmed without additional enhancement.
· (Working assumption) slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon, where  
· X is sl-LengthSymbols
· Y is sl-StartSymbol
· (Working assumption)  reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213        

Observation 2: periodicity of resource pool could be 160ms or TDD-UL-DL-ConfigCommonwould. Also 10240 ms as same as LTE V2X is acceptable.
Proposal 4: The remaining PRBs are not used in Rel-16, where the remaining PRBs will have highest PRB index in the resource pool.
Proposal 5: For 10 and 15 PRBs subchannel size, PSCCH spans a whole sub-channel. 
Proposal 6: 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 7: In the frequency domain, 2nd stage SCI is mapped from larger to lower index number of PRBs in a symbol.
Proposal 8: The scrambling sequence generator is initialised with
  for PSSCH
  for PSCCH and 2nd stage SCI

Reference
[1] R1-1913488, “Feature lead summary#3 for agenda item 7.2.4.1 Physical layer structure for sidelink”, Samsung
[2] R1-2001149, “Feature lead summary#2 for agenda item 7.2.4.1 Physical layer structure for sidelink”, Samsung
[3] 3GPP TS 38.211 V16.1.0

4

6
3GPP
image1.emf
order 4 3 2 1 5 6 7 8 9 10 11 12

DMRS DMRS

PRBs 0 1 2 3 4 5 6 7 8 9 10 11 12 13

24

23

22

21

20

19

18

17

16 2nd stage SCI

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

PSSCH

PSCCH(1st stage SCI)

PSSCH

1st

DMRS

and

2nd stage

SCI

PSSCH

2nd

DMRS

and

PSSCH


image2.emf
order 1 2 3 4 5 6 7 8 9 10 11 12

DMRS DMRS DMRS

PRBs 0 1 2 3 4 5 6 7 8 9 10 11 12 13

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

PSSCH

PSCCH(1st stage SCI)

PSSCH

2nd

stage SCI

1st

DMRS

and

2nd stage

SCI

2nd stage SCI

2nd

DMRS

and

PSSCH

PSSCH

3rd

DMRS

and

PSSCH


