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Introduction
It was declared that the WI for 5G V2X with NR sidelink was completed in RAN#86. However, there are still many issues to be resolved in current version of Rel-16 NR specifications [4]-[7]. 
	Throughout RAN1#100-e and RAN1#100b-e, the following agreements were made.
	Agreements:
· For sidelink TBS determination, the procedure steps 2), 3), and 4) in 5.1.3.2 Transport block size determination of TS38.214 are reused.
Another proposal to check on 3/4 – update on 3/4, updated proposal, check on 3/5.
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.
n For the number of PSSCH symbols,
u  AGC symbol and GP symbol in the end of slot are excluded. 
n PSCCH overhead
u  The exact number of REs for PSCCH (including PSCCH DMRS) is considered
n 2nd SCI overhead
u  FFS: How to consider the 2nd SCI 
u  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. 
n FFS: how to consider PSFCH, PSSCH DMRS, GP symbols before PSFCH, SL PT-RS, SL CSI-RS
                     u  FFS: N_oh^PRB is introduced or not (pre-)configured per resource pool. 
        u  The overhead for SL PT-RS and SL CSI-RS is considered as already included in N_oh^PRB.
     u  FFS: The number of candidiate values for N_oh^PRB is 8.
nIt 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.
    u  Note: The design will be such that the TBS is the same between a transmission and its re-transmission(s).

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.
Agreements
· For frequency domain DMRS pattern for PSSCH, support only DMRS configuration type 1. 
· The "Number of DMRS ports" field in 1st stage SCI indicates DMRS port(s) of PSSCH with one bit. 
. "0" means to use a port 1000 and "1" means to use two ports 1000/1001. 
· Both PSSCH antenna ports are defined to be CDM group 0. 
. Note: how to capture this is up to editors. 
· PSSCH is rate-matched around PSSCH DMRS REs within a resource block used for transmission of PSSCH 
. Note: The REs not used for DMRS in the DMRS symbol will be used for PSSCH, PSCCH, or 2nd SCI mapping. 
To endorse TP on 3/3. 
Update on 3/3 – to check on 3/4 – to further check on 3/5: TP is endorsed (R1-2001400) email thread is closed. 

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.
Agreements:
· The MCS table is indicated by 1st SCI, the number of MCS tables is (pre-) configured per resource pool.           
· 64QAM table is (pre-)configured as default. 
· Zero, one or two additional can be additionally (pre-)configured. Tables
· Using the 256QAM and/or low-SE MCS tables
· The number of bits in the 1st SCI for the indication is determined based on the number of MCS tables (pre)-configured for the resource pool
· 0, 1, or 2 bits
· Over-writing the (pre-)configured MCS table(s) by PC5-RRC is NOT supported
· A UE is not required to decode the 2nd SCI or the PSSCH associated with a 1st SCI if the 1st SCI indicates an MCS table that the UE does not support
TP? 4/29? – latest TP is endorsed. (summary in R1-2003034).



In this contribution, we provide views on the remaining issues on sidelink physical layer structure. This is a revision of R1-2002689.

Issues
Sequence initialization
This issue is about determination of the value   for initialization of the sequence , separately applied to  PSCCH, PSBCH, PSSCH and the 2nd-stage SCI. Since there is no other information that can be used for PSCCH, the fixed value(s) can be used for initialization of the sequence. On the other hand, UE can obtain synchronization source ID (SLSS ID) after S-PSS/S-SSS detection and this information can be utilized for sequence initialization for PSBCH as discussed in our companion document [x].
Similar to LTE V2X, scrambling sequences for PSSCH and the 2nd-stage SCI can be separately initialized based on CRC of the corresponding 1st SCI.
[bookmark: _Ref32586929][bookmark: _Ref16861038]Proposal 1: For initialization of scrambling sequences,
· For PSBCH, synchronization source ID (SLSS ID) is used.
·  For PSCCH, the fixed value, e.g., 0, is used. 
· For PSSCH and the 2nd-stage SCI, the CRC of the corresponding 1st SCI is used separately. 

Signaling of resource pool
In the last RAN1#100b-e meeting, we could not make consensus on issue about resource pool signaling. At first, there was discussion about how to determine UL slot(s) for in-coverage and out-of-coverage scenarios. According to 38.331(v16.0.0), 'TDD-UL-DL-ConfigCommon’ was specified as sidelink configuration information in IE SL-ResourcePool and sidelink pre-configured parameter in IE NR-Sidlink-Preconf. Therefore, we just need a clarification that the UL slot(s) derived by out of coverage UE from PSBCH or pre-configuration is aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon. With this clarification, we can confirm the working assumption made in RAN1#100-e meeting.
[bookmark: _Ref40450504]Proposal 2: Confirm the following WA made in RAN1#100-e with the following note:
· (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
· Note: The UL slot(s) derived by out of coverage UE from PSBCH or preconfiguration is aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon
· (Working assumption)  reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213
Next, for periodicity of resource pool bitmap, we can simply reuse the periodicity of LTE and this can be scaled by numerology such that 10240×2^μ slots. In addition, for the bitmap length for singaling of resource pool configuration, we propose that any number between 10 slot and 160 slot can be (pre-)configured in the resource pool. Therefore, we propose:   
[bookmark: _Ref40450506]Proposal 3: 10204 ms is used for the periodicity of resource pool and any number between 10~160 slots can be (pre-)configured for bitmap length to indicate slots of resource pool configuration.

Details of the 2nd-stage SCI contents
One FFS issue is the length of CRC for the 2nd-stage SCI. In order not to change channel coding for control, 24 bit CRC should be used for the 2nd-stage SCI. The length of CRC may be related to how to decode the control data and its performance. 
[bookmark: _Ref32586948]Proposal 4: CRC length of the 2nd-stage SCI is 24 bits. 

One of the contents that should be included in the 2nd-stage SCI is the indication of HARQ option for groupcast. For groupcast HARQ feedback, Option 1 and Option 2 are supported and either one can be used. However, how to decide one of them was not concluded. We propose to include 1 bit indication in order to inform which groupcast HARQ option is used.
It was agreed in email discussion [98b-NR-20] that for groupcast HARQ feedback, SCI explicitly indicates Option 1 or Option 2 is to be used.  It was further discussed in RAN1#99 whether the SCI in the agreement means the 1st-stage SCI or the 2nd-stage SCI and the following agreements were made:
	Agreements:
· 2nd stage SCI format for groupcast HARQ feedback option 1 and option 2. To down-select during the week:
· Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
· SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
· Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
· 1st stage SCI indicates which format is used.




Design philosophy of two-stage SCI is that common information related to sensing is included in the 1st-stage SCI and remaining information is conveyed via the 2nd-stage SCI. It allows UEs to perform sensing operation efficiently regardless of cast type (i.e., unicast, groupcast and broadcast). So, it is not desirable to include 1-bit into the 1st-stage SCI for indicating groupcast HARQ feedback Option 1 or groupcast HARQ feedback Option 2 because it impacts coverage performance of the 1st-stage SCI.
[bookmark: _Ref32586950]Proposal 5: SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI. 


Mapping of 2nd SCI in PSSCH
The number of coded modulation symbols for 2nd SCI is determined as below.
	For 2nd-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols for 2nd-stage SCI transmission, denoted 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 Beta offset is indicated by the 1st stage SCI based on the values configured by high layer parameter sl-BetaOffsets2ndSCI. However, the modulation order of 2nd stage SCI and the number of layers are different from that of SL-SCH (QPSK and repeating the same symbols over 2 layers for 2nd Stage SCI whereas for SL-SCH up to 256 QAM and 2 layers). Hence, the above working assumption might lead to a high code rate after rate matching (in extreme cases >1). To address this issue and have more flexibility in selecting , the set of configured beta offset values needs to depend on scheduled modulation order and/or number of layers. Therefore, multiple sets of Beta offset values can be either fixed without (pre)-configuration or (pre)-configured per resource pool. Then, depending on modulation order and/or number of layers, a set is selected based on the indication in SCI format 0-1.
[bookmark: _Ref37486870]Proposal 6. Define multiple sets of Beta offset values and use one of them depending on modulation order and/or number of layers indicated by SCI format 0-1.

For the mapping of 2nd SCI in PSSCH, the same modulated symbol is mapped into two layers in case of two-layer transmission. In TS38.211 and TS38.212, this duplication of the modulated symbol is described in two places.
· Place 1. 
if 	// SCI placeholder bits
 
· Place 2. 
Modulation for  shall be done as described in clause 5.1 such that each pair of bits  results in  QPSK symbols,  for  and  for , where .
It is recommended to remove the related part except Place 2 above. 
[bookmark: _Ref37486874]Proposal 7: Remove the parts related to two-layer mapping of 2nd SCI mapping except the part of  for , i.e., adopt TPs in Appendices A and B.

When calculating the number of coded symbols , the following is used. After RAN1#100b-e, TBS itself depends on the the number of coded symbols .

In order to remove the cross-dependency between TBS and , the following is proposed for calculating .
[bookmark: _Ref40450521]Proposal 8: Update the calculation of  as  , where R and Qm are indicated by MCS bit field in the 1st SCI.

Frequency domain OCC design for PSCCH DMRS
The following was agreed via email discussion of [99-NR-07]. 
	Agreement 
· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool 
· Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE. 
· Note: there is no (pre-)configuration on the number of OCCs.



How many OCCs are applied was not decided. Considering trade-off complexity and performance, 3 OCCs seems reasonable value to support for V2X.
[bookmark: _Ref32586953]Proposal 9: For frequency-domain OCC for PSSCH DMRS, 3 OCCs are used. 


Supported max data rate for NR sidelink 
In TS38.306, the supported max data rate for NR Uu is defined. Similarly, the max data rate for NR sidelink is required for calculation of layer 2 buffer size. 
RAN2 sent the LS R1-2003258 to RAN1 to ask to define the max data rate.
For the max data rate for NR sidelink, the formula for the max data rate for NR Uu is reused with the following parameters.
· The number of aggregated component carriers, J, is equal to 1.
· [image: ] is the maximum number of supported layers for sidelink TX and RX, respectively.
· 
 is the maximum supported modulation order for sidelink TX and RX, respectively.
· 
is 1.
· 
is 0.21 for for sidelink TX and RX.



[bookmark: _Ref40450527]Proposal 10: For the max data rate for NR sidelink, the formula for the max data rate for NR Uu is reused, where the number of aggregated component carriers, J, is equal to 1, [image: ]  is the maximum number of supported layers for sidelink TX and RX, respectively,  is the maximum supported modulation order for sidelink TX and RX, respectively,  is 1, 	 is 0.21 for for sidelink TX and RX.


Conclusions
In this contribution, we provide our views on the physical layer structures for NR sidelink with the following proposals.
Proposal 1: For initialization of scrambling sequences,
· For PSBCH, synchronization source ID (SLSS ID) is used.
·  For PSCCH, the fixed value, e.g., 0, is used. 
· For PSSCH and the 2nd-stage SCI, the CRC of the corresponding 1st SCI is used separately. 
Proposal 2: Confirm the following WA made in RAN1#100-e with the following note:
· (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
· Note: The UL slot(s) derived by out of coverage UE from PSBCH or preconfiguration is aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon
· (Working assumption)  reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213
Proposal 3: 10204 ms is used for the periodicity of resource pool and any number between 10~160 slots can be (pre-)configured for bitmap length to indicate slots of resource pool configuration.
Proposal 4: CRC length of the 2nd-stage SCI is 24 bits.
Proposal 5: SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
Proposal 6. Define multiple sets of Beta offset values and use one of them depending on modulation order and/or number of layers indicated by SCI format 0-1.
Proposal 7: Remove the parts related to two-layer mapping of 2nd SCI mapping except the part of  for , i.e., adopt TPs in Appendices A and B.
[bookmark: _GoBack]Proposal 8: Update the calculation of  as , where R and Qm are indicated by MCS bit field in the 1st SCI.
Proposal 9: For frequency-domain OCC for PSSCH DMRS, 3 OCCs are used.
Proposal 10: For the max data rate for NR sidelink, the formula for the max data rate for NR Uu is reused, where the number of aggregated component carriers, J, is equal to 1, [image: ]  is the maximum number of supported layers for sidelink TX and RX, respectively,  is the maximum supported modulation order for sidelink TX and RX, respectively,  is 1, 	 is 0.21 for for sidelink TX and RX.
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Appendix A. TP of TS38.211 for 2nd SCI mapping
< Unchanged parts are omitted >

[bookmark: _Toc29230438][bookmark: _Toc36026697]8.3.1	Physical sidelink shared channel
[bookmark: _Toc11324540][bookmark: _Toc29230439][bookmark: _Toc36026698]8.3.1.1	Scrambling
For the single codeword , the block of bits , where  is the number of bits in codeword  transmitted on the physical channel as defined in [4, TS 38.212], shall be scrambled prior to modulation.
Scrambling shall be done according to the following pseudo code
set 
while 
if 	// SCI placeholder bits
 
else
	 
end if 
i = i + 1
end while
where the scrambling sequence  is given by clause 5.2.1 and
-	for 
-	
-	The scrambling sequence generator shall be initialized with

-	for 
-	
-	The scrambling sequence generator shall be initialized with

[bookmark: _Toc11324541][bookmark: _Toc29230440][bookmark: _Toc36026699]8.3.1.2	Modulation
For the single codeword , the block of scrambled bits shall be modulated, resulting in a block of complex-valued modulation symbols  where .
[bookmark: _Hlk26369036]Modulation for  shall be done as described in clause 5.1 such that each pair of bits  results in  QPSK symbols,  for  and  for , where .
Modulation for   shall be done as described in clause 5.1 using one of the modulation schemes in Table 6.3.1.2-1 where .
Table 6.3.1.2-1: Supported modulation schemes.
	Modulation scheme
	Modulation order 

	QPSK
	2

	16QAM
	4

	64QAM
	6

	256QAM
	8


[bookmark: _Toc11324542][bookmark: _Toc29230441][bookmark: _Toc36026700]8.3.1.3	Layer mapping
[bookmark: _Hlk26368120]Layer mapping shall be done according to clause 7.3.1.3 with the number of layers , resulting in , .
[bookmark: _Toc29230442][bookmark: _Toc36026701]8.3.1.4	Precoding
The block of vectors  shall be precoded according to clasue 6.3.1.5 where the precoding matrix  equals the identity matrix and .
[bookmark: _Toc11324544][bookmark: _Toc29230443][bookmark: _Toc36026702]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, and meeting all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission;
-	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;
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;
-	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]. Resource elements used for 2nd-stage SCI in the first step shall not be used for mapping in this step.
[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.
[bookmark: _Toc11324545][bookmark: _Toc29230444][bookmark: _Toc36026703]8.3.1.6	Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.
For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block .

< Unchanged parts are omitted >



Appendix B. TP of TS38.212 for 2nd SCI mapping
[bookmark: _Toc29326630][bookmark: _Toc29327780][bookmark: _Toc36045970][bookmark: _Toc36046230][bookmark: _Toc36046376]< Unchanged parts are omitted >
8.2	Sidelink shared channel
The processing for SL-SCH transport channel follows the UL-SCH according to clause 6.2, with the following changes:
-	Rate matching of SL-SCH follows the rate matching according to clause 7.2.5
-	Clause 6.2.7 is replaced by clause 8.2.1
[bookmark: _Toc29326631][bookmark: _Toc29327781][bookmark: _Toc36045971][bookmark: _Toc36046231][bookmark: _Toc36046377]8.2.1	Data and control multiplexing
Denote the coded bits for SL-SCH as. 
Denote the coded bits for SCI format 0-2, as .
Denote the multiplexed data and control coded bit sequence as , where G is the total number of coded bits for transmission.
Assuming that  is the number of layers onto which the SL-SCH transport block is mapped, the multiplexed data and control coded bit sequence  is obtained as follows:
Denote  is modulation order of SCI format 0-2.
if , 
for  to 
if 
 
end if
if 
 
end if
end for
end if 
if ,
let 
set 
for  to 
for  to 
for  to 
if 
 
else
 // placeholder bit
end if
 
end for
end for
end for
for  to 
 
 
end for
end if
< Unchanged parts are omitted >
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