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Introduction
In this contribution, we provide text proposals for NR V2X specifications regarding physical layer structure. Specifically, the included text proposals address PSCCH, second-stage control details, PSSCH DMRS and TB size determination, and PSBCH synchronization and DMRS sequence.
Second-Stage Control
Bit-Scrambling Procedure
The bit scrambling pseudocode has a bug leading to a discontinuous sequence being used for 2nd-stage control when SL-SCH is mapped to two layers. In such a case, the resulting scrambled sequence is

instead of 

This can be addressed by accounting for placeholder bits when indexing into the scrambling sequence. Since the index into the scrambling sequence is already adjusted by , this variable can also be used to account for the placeholder bits and resolve the issue.
[bookmark: _Toc40444260]Observation 1: The 2nd-stage control scrambling procedure in 38.211 does not correctly apply the scrambling sequence when mapping to two layers.
[bookmark: _Toc40444263]Proposal 1: Adopt the following text proposal to fix the discontinuity in the 2nd-stage control scrambling sequence in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
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 
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

-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
[bookmark: _Ref32599499]Number of Modulation Symbols
The equation for determining the number of modulation symbols for 2nd-stage SCI is mostly reused from the UCI resource determination equation. However, there are some differences between 2nd-stage SCI and UCI:
· 2nd-stage SCI will always use QPSK regardless of the SL-SCH modulation, whereas UCI always uses the same modulation order as SL-SCH.
· 2nd-stage modulation symbols are duplicated across both layers when SL-SCH is mapped to two layers, whereas UCI is rate-matched and mapped to the same number of layers as SL-SCH.
Those differences between 2nd-stage control and UCI will cause the equation in TS 38.212 to provide very high coding rates for 2nd-stage SCI. For example, when the using 64 QAM, R = 616/1024, 20 PRB allocation, and single layer, the effective coding rate for SCI2 will exceed 1. This issue is illustrated in Figure 1 for the following setting: 20 PRB sub-channel, 10 PRB and 3-symbol PSCCH, 2 DMRS symbols. It can be observed in the figure that many Beta values lead to SCI-2 effective coding rate exceeding 1 for many MCS indices and that the problem is more severe when SL-SCH is rank 2. 
[image: ][image: ]
[bookmark: _Ref40207742]Figure 1 SCI-2 effective code rate as a function of MCS using existing equation in 38.212
[bookmark: _Toc40444261]Observation 2: the equation to determine the number of modulation symbols of 2nd-stage control does not account for the difference in modulation order or number of layers between 2nd-stage control and SL-SCH, leading to very high coding rate for 2nd-stage control.
In this section, we address these issues individually and then group them into a single text proposal.
The potential differences in the modulation order and layer mapping between 2nd-stage control and SL-SCH needs to be addressed in order to maintain reasonable effective code rate for 2nd-stage SCI. Here, the number of SCI-2 modulation symbols is scaled by the number of SL-SCH layers and by ratio of the number of bits in SCL-SCH modulation order  to 2nd-stage control modulation order (QPSK, 2).
Updating the equation to account the difference in modulation order and layer mapping between 2nd-stage control and SL-SCH to maintain reasonable 2nd-stage control effective coding rate:


The intention of the ratio  is to approximate the spectral efficiency of SCH. However, the sum  does not actually provide the TBS of SCH since  includes the filler null bits and is not the number of information bits in a codeblock. For Base-graph 2, used for many of the smaller TB sizes, the proportion of shortened bits can be greater than 40%. This is a known issue that was discussed in [11].
Rather than replace  with , we propose to use the target SCH spectral efficiency  from MCS as a simpler approach that also resolves a circular dependency with SL-SCH TB size calculation as will be discussed in Section 3.1.
The circular dependency between TBS determination and 2nd-stage control resource determination can be eliminated by using the target spectral efficiency of PSSCH as follows:


Combining the two changes ensures coding rate for SCI-2 remains reasonable and resolves the circular dependency between TBS determination and 2nd-stage control rate-matching.
[bookmark: _Ref40441905][bookmark: _Toc40444264]Proposal 2: Adopt the following equation for determining the number of 2nd-stage control modulation symbols to ensure coding rate for SCI-2 remains reasonable and to resolve the circular dependency between TBS determination and 2nd-stage control rate-matching

The effective code rate of SCI-2 when using the proposed rate-matching equation is show in Figure 2, where it can be observed that SCI-2 effective code rate remains below 1 and closely tracks the target code rate divided by beta. Since the proposed equation is independent of the number layers used for SL-SCH, the results are the same for rank-1 and rank-2 SL-SCH transmissions.
[image: ]
[bookmark: _Ref40209128]Figure 2 SCI-2 effective code rate as a function of MCS using the equation from Proposal 2.
[bookmark: _Toc40444262]Observation 3: The proposed equation determining the number of 2nd-stage control modulation symbols changes ensures coding rate for SCI-2 remains reasonable and resolves the circular dependency between TBS determination and 2nd-stage control rate-matching.
[bookmark: _Toc40444265]Proposal 3: Adopt the following text proposal on 2nd-stage control rate-matching in TS 38.212 to account for the difference in modulation order and number of layers between 2nd-stage control and SL-SCH and to remove the dependency on TBS.
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
8.4.4 Rate Matching
For 2nd-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols for 2nd-stage SCI transmission, decoted 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]24 bits. 
<<<unchanged text omitted>>>
-	 is the -th code block size for SL-SCH of the PSSCH transmission.
-	 is the target code rate signalled by the MCS field in SCI format 0-1.
-	 is configured by higher layer parameter [SL-scaling].
-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------
Modulation
The PSSCH modulation procedure in TS 38.211 maps the same 2nd-stage control modulation symbol to both layers when SL-SCH is mapped to two layers. However, this operation is already performed by the scrambling procedure where placeholder bits are replaced by prior 2nd-stage control bits. We provide a text proposal to remove this duplicate functionality.
[bookmark: _Toc40444266]Proposal 4: Adopt the following text proposal to remove redundant duplication of 2nd-stage control modulated symbols in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.3.1.2	Modulation
<<<unchanged text omitted>>>
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 . using QPSK where .
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Scrambling Seed
PUSCH and PDSCH scrambling sequences are initialized using RNTIs, which are 16 bits long, therefore we propose to also use 16 bits to initialize the 2nd-stage control scrambling sequence. Like other sequences in NR sidelink, those 16 bits are the least significant bits of the 1st-stage control CRC.
[bookmark: _Toc40444267]Proposal 5: Adopt the following proposal for initializing the 2nd-stage control scrambling sequence in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.3.1.1 Scrambling
<<<unchanged text omitted>>>
where the scrambling sequence  is given by clause 5.2.1 and
-	for 
-	
-	The scrambling sequence generator shall be initialized with

where  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212].
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
CRC Length
RAN1 agreed to use PDCCH polar coding for 2nd stage control [6]:
Conclusion:
· If two-stage SCI is supported, the following details are used.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 
· FFS other details
· Companies are encouraged to perform analysis (e.g., flexibility, complexity, forward compatibility, overhead, spec impact, latency, robustness, reliability, etc.)/evaluations with details of the SCI contents comparing single-stage vs. two-stage SCI. Aim to conclude in RAN1#98
The CRC length and polynomial are an integral part of the PDCCH polar coding chain, which was designed around the CRC of length 24 bits using the  polynomial.
[bookmark: _Ref32595193][bookmark: _Toc40444268]Proposal 6: Adopt the following text proposal capturing the CRC length for 2nd stage control in TS 38.212.
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
8.4.4 Rate Matching
<<<unchanged text omitted>>>
-	 is the number of CRC bits for SCI format 0-2, which is [xxx]24 bits. 

-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------
Procedure for Determining Beta Offset Value
Current specification indicates that the beta offset value is provided by high layer parameter sl-BetaOffsets2ndSCI [2]. however, the specification does not define which the procedure to obtain the actual beta offset from the indicator in SCI. For UCI, a mapping between the indicator in DCI and the beta values in tables is explicitly defined [3]. A similar mapping needs to be defined for SCI as well. Table 9.3-2 in 38.213 provides finer granularity values that more suitable for SCI-2 compared to the coarser granularity values in Table 9.3-1 
[bookmark: _Toc40444269]Proposal 7: Adopt the following text proposals to complete the procedure for determining beta offset value
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
[bookmark: _Toc29326643][bookmark: _Toc29327793][bookmark: _Toc36045983][bookmark: _Toc36046243][bookmark: _Toc36046389]8.4.4 Rate Matching
<<<unchanged text omitted>>>
-	 is determined according to beta_offset indicator indicated in the corresponding SCI format 0-1 and Table 8.4.4-1. 
<<<unchanged text omitted>>>
Table 8.4.4-1: Determination of 
	beta_offset indicator
	

	‘00’
	1st offset index provided by higher layers into Table 9.3-2 of [5, 38.213]

	‘01’
	2nd offset index provided by higher layers into Table 9.3-2 of [5, 38.213]

	‘10’
	3rd offset index provided by higher layers into Table 9.3-2 of [5, 38.213]

	‘11’
	4th offset index provided by higher layers into Table 9.3-2 of [5, 38.213]



The input bit sequence to rate matching is , where  is the number of coded bits.
-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------
PSSCH
[bookmark: _Ref32594460]TB Size Determination
The following agreement was made in RAN1-100e [9]:
Agreement:
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 
· 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
· 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).
Further, in RAN1 100bis-e, the following was agreed [10]:
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.
The remaining issues to conclude are how to indicate PSFCH overhead and to obtain the number of REs to use in subsequent TBS determination steps.
The agreement on using the actual number of REs occupied by 2nd-stage control to calculate TBS requires removing the dependency of 2nd-stage control rate-matching on TBS. Once this dependency is removed, any parameters required to calculate TBS can go into SCI-2 instead of SCI-1, including the PSFCH overhead indication. This is preferable as it avoid increasing the size of SCI-1.
[bookmark: _Toc40444270]Proposal 8: SCI-2 indicates the number of symbols (0 or 3) of PSFCH overhead used in TBS determination.
To calculate the number of REs (), the same framework as Uu of calculating the number of available REs per PRB () and then scaling by the number of PRBs in the PSSCH can be used.
Some configured DMRS patterns cannot be used in a slot with PSFCH resources. For example, the 4-symbol DMRS pattern cannot be used in a slot with PSFCH resources because only 9 symbols are defined for PSSCH in that case. In other to have better control over the effective coding rate to account for slots with and without PSFCH resources, the value used for the reference DMRS overhead can be determined from average applicable DMRS patterns as indicated by the PSFCH overhead indicator in SCI. The value can be indicated in a table to simplify the procedure compared to an equation with exceptions.
1.1.1 Text Proposal for TBS Determination
[bookmark: _Toc40444271]Proposal 9: Adopt the following text proposals capturing a TBS determination procedure for PSSCH in TS 38.214 and TS 38.212.
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.3.2	Transport block size determination
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,
·  is the number of sidelink symbols within the slot, excluding the first symbol in the slot,
·  (a value from 0 or 3) is the number of overhead symbols for PSFCH as indicated by the PSFCH overhead field in SCI formats 2-A and 2-B.  when the indicator in SCI is 1; otherwise .
·  is the number of REs for DM-RS per PRB, which is determined as the average among the DMRS patterns configured by higher layer parameter sl-PSSCH-DMRS-TimePattern according to Table 8.1.3.2-1; and
·  is the overhead configured by higher layer parameter sl-xOverhead. If sl-xOverhead is not configured (a value from 0, 6, 12, or 18),  is set to 0.
-	A UE determines the total number of REs allocated for PSSCH () by , where
·  is the total number of allocated PRBs for the PSSCH,
·  is the total number of REs allocated for PSCCH, and
·  is the total number of REs allocated for second stage control as determined in clause 8.4.4 of [5, 38.212].
· Table 8.1.3.2-1: DMRS overhead per PRB
	sl-PSSCH-DMRS-TimePattern
	PSFCH overhead indicator = 0
	PSFCH overhead indicator = 1

	{2}
	12
	12

	{3}
	18
	18

	{4}
	24
	N/A

	{2, 3}
	15
	15

	{2, 4}
	18
	12

	{3, 4}
	21
	18

	{2, 3, 4}
	18
	15



-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
[bookmark: _Toc29326640][bookmark: _Toc29327790][bookmark: _Toc36045980][bookmark: _Toc36046240][bookmark: _Toc36046386]8.4.1.1	SCI format 2-A
SCI format 2-A is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes ACK or NACK, or when there is no feedback of HARQ-ACK information.
The following information is transmitted by means of the SCI format 2-A:
<<<unchanged text omitted>>>
-	CSI request – 1 bit as defined in clause 8.2.1 of [6, TS 38.214].
-	PSFCH overhead indicator – 1 bit as defined in clause 8.1.3.2 of [6, TS 38.214]
8.4.1.2	SCI format 2-B
SCI format 2-B is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes only NACK.
The following information is transmitted by means of the SCI format 2-B:
<<<unchanged text omitted>>>
-	Communication range requirement – 4 bits as defined in clause x.x.x of [9, TS 38.331]
-	PSFCH overhead indicator – 1 bit as defined in clause 8.1.3.2 of [6, TS 38.214]
-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------
Scrambling Seed
PUSCH and PDSCH scrambling sequences are initialized using RNTIs, which are 16 bits long, therefore we propose to also use 16 bits to initialize the PSSCH scrambling sequence. Like other sequences in NR sidelink, those 16 bits are the least significant bits of the 1st-stage control CRC.
[bookmark: _Toc40444272]Proposal 10: Adopt the following proposal for initializing the PSSCH scrambling sequence in TS 38.211
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.3.1.1 Scrambling
<<<unchanged text omitted>>>
-	for 
-	
-	The scrambling sequence generator shall be initialized with

where  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212].
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Mapping of CSI-RS
Given the configurability of CSI-RS and DMRS, there are configurations that could lead to RE-level collisions between the two for some transmission. Puncturing DMRS or CSI-RS is detrimental to performance and could lead to a signal being completely removed. In Uu, it is stated that the UE does not expect to encounter such transmissions. Such a restriction on collision is necessary in sidelink as well.
[bookmark: _Toc40444273]Proposal 11: Adopt the following text proposal to disallow resource collision between CSI-RS and DMRS
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
[bookmark: _Toc11324573][bookmark: _Toc29230475][bookmark: _Toc36026734]8.4.1.5.3   Mapping to physical resources
Mapping to resource elements shall be done according to clause 7.4.1.5.3 with the following exceptions:
-	only 1 and 2 antenna ports are supported, ;
-	only density  is supported;
-	zero-power CSI-RS is not supported; 
-	the quantity  is an amplitude scaling factor to conform with the transmit power specified in clause 8.2.1 of [6, TS 38.214].
The UE is not expected to be configured such that CSI-RS and DM-RS can be mapped to the same resource element
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Another issue that needs clarification is that CSI-RS cannot be present in a symbol that also contains second-stage control. This is due to the CSI report trigger being in SCI-2. Therefore, the UE needs to decode SCI-2 to determine whether CSI-RS is present or not. If CSI-RS can be mapped to a symbol that contains second-stage control, there will be ambiguity about the rate-matching of second-stage control. Therefore, mapping CSI-RS to a symbol with second-stage control should be explicitly disallowed.
[bookmark: _Toc40444274]Proposal 12: Adopt the following text proposal to prevent a cyclic dependency between CSI-RS and second-stage control rate-matching
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.1.5.3   Mapping to physical resources
Mapping to resource elements shall be done according to clause 7.4.1.5.3 with the following exceptions:
-	only 1 and 2 antenna ports are supported, ;
-	only density  is supported;
-	zero-power CSI-RS is not supported; 
-	the quantity  is an amplitude scaling factor to conform with the transmit power specified in clause 8.2.1 of [6, TS 38.214].
CSI-RS cannot be mapped to an OFDM symbol with second-stage control resources.
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Resource Pool Configuration
In RAN1-100e, the following agreements regarding resource-pool configuration were made:
Agreement:
· For resource pool configuration, slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity. 
Agreement:
· 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.
In LTE V2X, the periodicity of the resource pool configuration is 1024 frames (10240 ms). While, compared to LTE Uu, NR Uu has more flexible TDD pattern indication, the procedure to be reused from LTE already excludes sub-frames and ensures that the bitmap can be applied to the 10240 ms period. The same mechanism would be used in NR.
[bookmark: _Toc40444275]Proposal 13: Use a periodicity of 10240 ms for the resource pool bitmap configuration.
The bitmap lengths should be longer than the period of the TDD pattern to provide sufficient flexibility for the system. For example, to address the cases where slots need to be excluded once every 50 ms, a bitmap length of 100 slots is needed (assuming 30 kHz SCS). Therefore, it is important to have a range of available sizes. The maximum length that would likely be practical is 200 bits.
[bookmark: _Toc40444276]Proposal 14: The bitmap length is (pre-)configurable from the following values: 10—160, 200 bits.
The working assumption on allowing the configuration of all number of PRBs in a resource pool. Assigning the additional PRBs to other sub-channels or grouping them into a sub-channel would lead to sub-channels of different sizes, which is incompatible with existing design, has not been investigated in RAN1, and would lead variable performance between the sub-channels. There are two cases where a large proportion of PRBs remains unused given the current NR sidelink design: 10 MHz with 30 kHz sub-carrier spacing where 4 out of 24 PRBs are unused and 20 MHz with 60 kHz sub-carrier spacing where also 4 out of 24 PRBs are unused. To address those cases, sub-channel size of 12 PRBs can be introduced. For the remaining cases, only up 1 or 2 PRBs remain unused and the overhead is less than 4%.
[bookmark: _Toc40444277]Proposal 15: Introduce sub-channel size of 12 PRBs.
For the remaining cases where some PRBs are still not included as part of a sub-channel, the overhead is a small value < 4%. To address those cases with minimal specification and implementation impact, those PRBs could be used be the transmitter UE to reduce PAPR when the adjacent sub-channel is used. This is accomplished by the transmitter implementation selecting suitable tone values to send on those PRBs. Sidelink signals and channels will not be mapped on those PRBs and the receiver will ignore them. Finally, while the transmitter can choose to not transmit anything on the remaining PRBs, there should be a (pre-)configuration parameter to leave those PRBs unused for forward compatibility. A proposal was made in [100b-e-NR-5G_V2X_NRSL-PHYstructure-02] during RAN1 100bis-e to duplicate previous PRBs on the remaining ones. The main issue with that proposal is that it increased PAPR and there was no mechanism to disable the behaviour.
[bookmark: _Toc40444278]Proposal 16: REs in the remaining PRBs if the configured PRBs for resource pool is not a multiple of subchannel size can be set any value, including no transmitted signal, by the transmitter to reduce PAPR. (Pre-)configuration can indicate that those PRBs remain unused in Release-16.

4-Symbol PSSCH DMRS Pattern
During the [99-NR-05] email discussion, it was shown that DMRS pattern with DMRS on symbols (1, 4, 7, 10) exhibited degraded performance in high-speed, high-spectral efficiency scenarios compared to other DMRS patterns due to the additional extrapolation at the end of the slot. Figure 3 compares the performance of two patterns: the current 4-symbol pattern (1, 4, 7, 10) and (1, 4, 8, 12).
[image: ]
[bookmark: _Ref37269783]Figure 3 Performance comparison between the current 4-symbol PSSCH DMRS pattern and (1, 4, 8, 12)
Given the performance results, an additional 4-symbol DMRS pattern should be introduced to enable NR V2X to provide good performance at all speeds and spectral efficiency.
[bookmark: _Toc40444279]Proposal 17: Adopt the following text proposal to add an additional 4-symbol PSSCH DMRS pattern for high-speed scenarios
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.1.1.2 Mapping to physical resources
<<<unchanged text omitted>>>
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

	13
	
	
	1, 4, 8, 12
	
	
	1, 4, 8, 12


-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Conclusion
Observation 1: The 2nd-stage control scrambling procedure in 38.211 does not correctly apply the scrambling sequence when mapping to two layers.
Observation 2: the equation to determine the number of modulation symbols of 2nd-stage control does not account for the difference in modulation order or number of layers between 2nd-stage control and SL-SCH, leading to very high coding rate for 2nd-stage control.
Observation 3: The proposed equation determining the number of 2nd-stage control modulation symbols changes ensures coding rate for SCI-2 remains reasonable and resolves the circular dependency between TBS determination and 2nd-stage control rate-matching.

Proposal 1: Adopt the following text proposal to fix the discontinuity in the 2nd-stage control scrambling sequence in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
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 
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

-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------

Proposal 2: Adopt the following equation for determining the number of 2nd-stage control modulation symbols to ensure coding rate for SCI-2 remains reasonable and to resolve the circular dependency between TBS determination and 2nd-stage control rate-matching


Proposal 3: Adopt the following text proposal on 2nd-stage control rate-matching in TS 38.212 to account for the difference in modulation order and number of layers between 2nd-stage control and SL-SCH and to remove the dependency on TBS.
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
8.4.4 Rate Matching
For 2nd-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols for 2nd-stage SCI transmission, decoted 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]24 bits. 
<<<unchanged text omitted>>>
-	 is the -th code block size for SL-SCH of the PSSCH transmission.
-	 is the target code rate signalled by the MCS field in SCI format 0-1.
-	 is configured by higher layer parameter [SL-scaling].
-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------

Proposal 4: Adopt the following text proposal to remove redundant duplication of 2nd-stage control modulated symbols in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.3.1.2	Modulation
<<<unchanged text omitted>>>
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 . using QPSK where .
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------

Proposal 5: Adopt the following proposal for initializing the 2nd-stage control scrambling sequence in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.3.1.1 Scrambling
<<<unchanged text omitted>>>
where the scrambling sequence  is given by clause 5.2.1 and
-	for 
-	
-	The scrambling sequence generator shall be initialized with

where  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212].
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------

Proposal 6: Adopt the following text proposal capturing the CRC length for 2nd stage control in TS 38.212.
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
8.4.4 Rate Matching
<<<unchanged text omitted>>>
-	 is the number of CRC bits for SCI format 0-2, which is [xxx]24 bits. 

-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------

Proposal 7: Adopt the following text proposals to complete the procedure for determining beta offset value
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
8.4.4 Rate Matching
<<<unchanged text omitted>>>
-	 is determined according to beta_offset indicator indicated in the corresponding SCI format 0-1 and Table 8.4.4-1. 
<<<unchanged text omitted>>>
Table 8.4.4-1: Determination of 
	beta_offset indicator
	

	‘00’
	1st offset index provided by higher layers into Table 9.3-2 of [5, 38.213]

	‘01’
	2nd offset index provided by higher layers into Table 9.3-2 of [5, 38.213]

	‘10’
	3rd offset index provided by higher layers into Table 9.3-2 of [5, 38.213]

	‘11’
	4th offset index provided by higher layers into Table 9.3-2 of [5, 38.213]



The input bit sequence to rate matching is , where  is the number of coded bits.
-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------

Proposal 8: SCI-2 indicates the number of symbols (0 or 3) of PSFCH overhead used in TBS determination.
Proposal 9: Adopt the following text proposals capturing a TBS determination procedure for PSSCH in TS 38.214 and TS 38.212.
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.3.2	Transport block size determination
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,
·  is the number of sidelink symbols within the slot, excluding the first symbol in the slot,
·  (a value from 0 or 3) is the number of overhead symbols for PSFCH as indicated by the PSFCH overhead field in SCI formats 2-A and 2-B.  when the indicator in SCI is 1; otherwise .
·  is the number of REs for DM-RS per PRB, which is determined as the average among the DMRS patterns configured by higher layer parameter sl-PSSCH-DMRS-TimePattern according to Table 8.1.3.2-1; and
·  is the overhead configured by higher layer parameter sl-xOverhead. If sl-xOverhead is not configured (a value from 0, 6, 12, or 18),  is set to 0.
-	A UE determines the total number of REs allocated for PSSCH () by , where
·  is the total number of allocated PRBs for the PSSCH,
·  is the total number of REs allocated for PSCCH, and
·  is the total number of REs allocated for second stage control as determined in clause 8.4.4 of [5, 38.212].
· Table 8.1.3.2-1: DMRS overhead per PRB
	sl-PSSCH-DMRS-TimePattern
	PSFCH overhead indicator = 0
	PSFCH overhead indicator = 1

	{2}
	12
	12

	{3}
	18
	18

	{4}
	24
	N/A

	{2, 3}
	15
	15

	{2, 4}
	18
	12

	{3, 4}
	21
	18

	{2, 3, 4}
	18
	15



-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------
----------------------------------------------------begin text proposal for 38.212----------------------------------------------------
8.4.1.1	SCI format 2-A
SCI format 2-A is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes ACK or NACK, or when there is no feedback of HARQ-ACK information.
The following information is transmitted by means of the SCI format 2-A:
<<<unchanged text omitted>>>
-	CSI request – 1 bit as defined in clause 8.2.1 of [6, TS 38.214].
-	PSFCH overhead indicator – 1 bit as defined in clause 8.1.3.2 of [6, TS 38.214]
8.4.1.2	SCI format 2-B
SCI format 2-B is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes only NACK.
The following information is transmitted by means of the SCI format 2-B:
<<<unchanged text omitted>>>
-	Communication range requirement – 4 bits as defined in clause x.x.x of [9, TS 38.331]
-	PSFCH overhead indicator – 1 bit as defined in clause 8.1.3.2 of [6, TS 38.214]
-----------------------------------------------------end text proposal for 38.212-----------------------------------------------------

Proposal 10: Adopt the following proposal for initializing the PSSCH scrambling sequence in TS 38.211
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.3.1.1 Scrambling
<<<unchanged text omitted>>>
-	for 
-	
-	The scrambling sequence generator shall be initialized with

where  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212].
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------

Proposal 11: Adopt the following text proposal to disallow resource collision between CSI-RS and DMRS
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.1.5.3   Mapping to physical resources
Mapping to resource elements shall be done according to clause 7.4.1.5.3 with the following exceptions:
-	only 1 and 2 antenna ports are supported, ;
-	only density  is supported;
-	zero-power CSI-RS is not supported; 
-	the quantity  is an amplitude scaling factor to conform with the transmit power specified in clause 8.2.1 of [6, TS 38.214].
The UE is not expected to be configured such that CSI-RS and DM-RS can be mapped to the same resource element
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------

Proposal 12: Adopt the following text proposal to prevent a cyclic dependency between CSI-RS and second-stage control rate-matching
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.1.5.3   Mapping to physical resources
Mapping to resource elements shall be done according to clause 7.4.1.5.3 with the following exceptions:
-	only 1 and 2 antenna ports are supported, ;
-	only density  is supported;
-	zero-power CSI-RS is not supported; 
-	the quantity  is an amplitude scaling factor to conform with the transmit power specified in clause 8.2.1 of [6, TS 38.214].
CSI-RS cannot be mapped to an OFDM symbol with second-stage control resources.
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------

Proposal 13: Use a periodicity of 10240 ms for the resource pool bitmap configuration.
Proposal 14: The bitmap length is (pre-)configurable from the following values: 10—160, 200 bits.
Proposal 15: Introduce sub-channel size of 12 PRBs.
Proposal 16: REs in the remaining PRBs if the configured PRBs for resource pool is not a multiple of subchannel size can be set any value, including no transmitted signal, by the transmitter to reduce PAPR. (Pre-)configuration can indicate that those PRBs remain unused in Release-16.
Proposal 17: Adopt the following text proposal to add an additional 4-symbol PSSCH DMRS pattern for high-speed scenarios
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.1.1.2 Mapping to physical resources
<<<unchanged text omitted>>>
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

	13
	
	
	1, 4, 8, 12
	
	
	1, 4, 8, 12


-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
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