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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#99, RAN1 completed the standardization work for NR V2X. Some details were left for the CR phase, with a list of open issues identified at RAN#86 [1].  Some issues were addressed at RAN1#100-e, but some issues remain. In this contribution, we address the remaining issues.

Discussion
Remaining issues
While RAN1#100-e was helpful to solve some issues, there are a lot of remaining issues. It is probably a fair assessment that this agenda item is a little bit behind compared with the other agenda items of V2X. From the Feature Lead’s summary [1], the following list of issues remain to be solved:
· TBS determination for PSSCH
· Any modification to determine NRE
· 2nd SCI related 
· CRC length 
· 2-layer mapping of SCI format 0-2
· Initial value of scrambling sequence 
· For PSCCH
· For SCI format 0-2
· For PSSCH
· MCS table determination
· Frequency-domain OCC of PSCCH 
· Number of OCCs among [2 or 3 or 4]
· Resource mapping of SL CSI-RS and SL PT-RS
· Whether/how to puncture/rate-match around SCI format 0-1/0-2
· ECP related issue
· DMRS pattern
Some issues are really important to solve. TBS determination is a critical one since if this issue is not solved, there cannot be any communication on the sidelink. SCI design is needed to finish mapping the control channels.
Proposal 1:
· For NR V2X, issues related to 7.2.4.1 are prioritized 
· The issues that are of highest priority for this AI are:
· TBS size determination
· SCI design
In the following sections, we discuss all remaining issues (prioritized or not). In addition, we discuss the terminology for the first and second stage SCIs.
TBS issue
Significant progress on the TBS determination was achieved at RAN1#100-e. It was agreed that:
· 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.
Then, in a second step (strikethrough text removed from the agreement):
· 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: , 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).
For NR Uu, a lot of the overheads were accounted into a parameter   that was signaled by higher layers. The main reason to introduce  was the introduction of CORESETs and the fact that the PDCCHs from other UEs would be present on the PDSCH of a given UE, with that UE having no easy way to determine that there was another PDCCH. This reason does not exist for SL, thus there is no compelling reason to have a  parameter. On Uu, there are cases where  can be somewhat beneficial. For instance, on the Uu link, multiple CSI-RS resources with different density, periodic and time property can be configured for the concerned UE and for other UEs in the system. As a result, just for CSI-RS, the overhead can change dramatically from slot to slot. In that situation, using  does have some potential benefit. For the sidelink, the situation is much simpler: the CSI-RS occupies only the allocated subchannels. The UE then knows how many REs are occupied by the CSI-RS and can subtract them from the total number of UEs.
Accounting for SL PT-RS is even simpler: the reason that PT-RS may change from transmission to transmission is due to varying transmission bandwidth or MCS level per the current specification and agreements. In order to maintain the same TBS between initial and re-transmissions, as agreed as RAN1#100-e, these 2 parameters (transmission bandwidth and MCS) have to remain unchanged anyway since otherwise TBS will vary. If these 2 parameters do not change, the PT-RS overhead does not change and therefore does not need   to handle its overhead. 
The issue of additional GP symbols before PSFCH was raised. Given that the UE knows where these GP symbols are located, it can simply subtract them from the number of REs.
For the second stage SCI, after decoding the first stage SCI, the UE knows the size of the second stage SCI. However, per a previous agreement, there is a dependency between the TBS and the second stage mapping:
·  (Working assumption) The number of coded modulation symbols per layer for 2nd SCI is determined as follows. 
· 
·  is the number of the 2nd SCI bits 
·  is the number of CRC bits for 2nd SCI, LSCI2 value is FFS
·  is indicated by the corresponding 1st SCI. 
·  is (pre-)configured per resource pool. 
·  is the number of allocated symbols for the PSSCH except AGC symbol. 
·  is the number of REs that can be used for transmission of the 2nd SCI. 
·  is determined to ensure that there is no remaining RE in the RB having the last coded symbol of the SCI 2 after mapping the SCI2.
·  is the r-th code block size for SL-SCH of the PSSCH transmission.
·  is the number of code blocks for SL-SCH of the PSSCH transmission.

Given that this equation includes KR , which depends on the TBS, there is a dependency between the second stage mapping and the TBS, and at the same time, TBS calculated may also depend on the amount of resources for the second stage SCI.  Therefore, we need to solve a causality problem here. 
[bookmark: _Hlk37334126]A few options are available. A simple solution is to assume zero resource for second stage SCI when deriving TBS. Though it might not be very accurate for TBS calculation, it should not impact overall performance much and the resulting TBS value will remain the same between initial and re-transmissions. An alternative approach is to change the working assumption for calculating 2nd SCI resources to avoid the causality problem as proposed in [1]. Though it may also solve the causality problem, the target code rate signaled by the MCS field in SCI format 0-1 does not necessarily reflect the actual transmission format (as given by TBS) and the channel quality, especially in the case of rank 2 transmission. With rank 2 PSSCH, 2nd stage SCI modulation symbols are duplicated across both layers in order to achieve more reliable performance and potentially reduce overhead for 2nd stage SCI. Hence 2nd stage SCI and PSSCH will go through different effective channels at the receiver for rank 2 transmission while for rank 1 case, they experience the same channel. Therefore, offset values to determine the amount of resources for 2nd SCI should be different for rank 1 transmission and rank 2 transmission. However, the actual difference will depend on many factors including at least channel conditions between the UEs, precoding used at the transmitter, rank determination, etc. The proposal in [2] to scale up by the rank is certainly overdone it for many situations especially considering that 2nd stage SCI experience more reliable effective channel than that of PSSCH for rank 2 case. A more reasonable to approach is by configuring different offset values for rank 1 and 2. As for issue where coding rate may become too high for 2nd stage SCI, a minimum amount of resources may be used to solve that.
Proposal 2:
· For the TB size determination
· No parameter  introduced
· 
The number of available symbols excludes guard time symbol before PSFCH symbols
· SL CSI-RS is assumed to be always present
· The REs occupied by SL PT-RS are subtracted form the number of REs 
· Assuming zero resource for second stage SCI
Proposal 3: 
· For deriving the number of coded modulation symbols for 2nd stage SCI
· Configure different offset values for rank 1 and rank 2 PSSCH transmissions
· Have a minimum value to ensure code rate is not too high

Initialization of the scrambling sequence generators
The scrambling sequence generation need to be figured out for the following:
· Data sent on the PSSCH
· Second stage SCI
· First stage SCI
· PSBCH
Given that the PSFCH is transmitted using sequences, there is no need to define a scrambling sequence.

Second stage SCI
The second stage SCI is to be decoded only be the receiving UEs. Thus, in order to provide more randomization, the scrambling seed should be specific to the receiving UEs. The same procedure as for the PSSCH data can be applied, and the second stage SCI scrambling sequence seed should be the L1 destination ID.
PSSCH
One physical layer open issue is the initialization of the seed for scrambling the shared channel.
In LTE, there was a generic formula defined in subclause 9.3.1 of 36.211 with a variable nID set according to transmission mode.

The scrambling sequence generator shall be initialised with  at the start of every PSSCH subframe where

-	for sidelink transmission modes 1 and 2,  is destination identity obtained from the sidelink control channel, and



-	for sidelink transmission modes 3 and 4,  with  and  given by clause 5.1.1 in [3] equals the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH.
For D2D, the destination identity is transmitted in the SCI. Thus, if a UE incorrectly received the SCI, it would not be able to decode the PSCCH correctly. For V2X, since the destination identity is not transmitted in the SCI, an alternative value, the CRC for the SCI, is used to set the variable nID. 
In NR, the second stage SCI contains the destination id as one of its fields. To remain consistent with LTE, the scrambling seed initialization should be based on the L1 destination ID.
First stage SCI
The first stage SCI needs to be decodable by all UEs. Therefore, the scrambling sequence must be known for all UEs. 
For LTE, the scrambling sequence generator was initialized with the value 510, as specified in TS36.212:


The block of bits , where  is the number of bits transmitted on the physical sidelink control channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall be initialised with  at the start of every PSCCH subframe.
Thus, to remain consistent with LTE, we propose to use the same scrambling seed initialization of 510. Note that any other fixed value is appropriate as well.
PSBCH
Scrambling the PSBCH is important since it ensures that the PSBCHs of two different UEs with two different synchronization sequences do not interfere with each other. For LTE, the PSBCH is scrambled with the synchronization ID:



The block of bits , where  is the number of bits transmitted on the physical sidelink broadcast channel in one subframe, shall be scrambled according to clause 5.3.1. The scrambling sequence generator shall be initialised at the start of every PSBCH subframe with .
NR operates in a similar way than LTE: after acquiring synchronization (SL-PSS and SL-SSS), the UE knows the synchronization source ID. Thus, the PSBCH can be scrambled by the synchronization source ID.
Proposal 4: the following scrambling seeds sequences are used:
· For data sent on the PSSCH: L1 destination ID
· For the second stage SCI: L1 destination ID (applied separately of data transmitted on the PSSCH, per RAN1#98bis decision)
· For the first stage SCI: 510 (or any fixed value)
· For the PSBCH: synchronization source ID

MCS table
At RAN1#98b, the following was agreed:
· Three MCS tables supported in Rel-15 NR Uu CP-OFDM are also used for SL. 
· Support of the low-spectral efficiency 64QAM MCS table is an optional UE feature in SL as in the Uu link
· For each resource pool, at least one MCS table is (pre)-configured
· FFS whether or not to introduce a case where the MCS table can be overwritten by PC5 RRC or indicated in SCI
· Each resource pool is only configured with one 1st stage SCI PSCCH format
There is still an FFS to resolve on whether the MCS table can be overwritten. However, from the agreement it appears that the low spectral efficiency 64QAM MCS table is optional. Given that one MCS table is (pre-)configured by resource, pool, it is necessary to be able to indicate which MCS table the UE should use, otherwise either the use of the 64-QAM MCS table would be impossible, or some resource pools would ve accessible only to UEs capable of 64 QAM. Thus, the indication of which MCS table to use needs to be signaled. Given that RAN1 has already communicated the RRC parameters to RAN2, the best option seems to indicate the MCS table to use in the SCI. This value can be sent in the second stage since it is not necessary to perform sensing.
Proposal 5: the second stage SCI can indicate which MCS table to use

Frequency domain OCC design for PSCCH DMRS
In order to limit the interference between PSCCH DMRS for different UEs, it was agreed to use some randomization on the DMRS sequence by applying an OCC on top of the DMRS.
Conditions where large interference between PSCCHs exist are rare: for mode-1, the network allocates resources, thereby limiting interference. For mode-2, the resource selection procedure with sensing ensures that two UEs using the same resource generally are far from each other. Thus, only a limited amount of randomization is needed. Using 4 OCC codes should be sufficient to mitigate any interference.
Proposal 6: A length-2 Hadamard code is applied as OCC on top of the PDCCH DMRS

Details of ECP
The frame/slot structure is defined for both normal and extended CP in TS38.211. The reference signals for NR Uu were defined for both NCP and ECP and are mostly reused for the sidelink. Thus, any work, if any is limited, and the spec, as written, works for both ECP and NCP.

Terminology
In 38.212, the first and second stage SCIs are referred to as SCI 0-1 and SCI 0-2, respectively. The DCI formats are referred to as e.g., DCI 0_0. This use of the underscores and dashes, while logically correct, is confusing. Indeed, there are many instances in 38.213 (e.g., Sections 16.2.4.2, 16.3), and in 38.214 (Section 8.1) where the underscore is used instead of the dash. We suggest that the editors discuss whether there is a need to have different terminology for SCIs and DCIs, and if so, consider whether some other way of differentiation (e.g., letters, slashes, etc) is less likely to be accidentally be used interchangeably.
Proposal 7: Editors discuss and make terminology for first and second stage SCI consistent across all specifications.

Conclusion
The remaining details for the physical layer structure of the sidelink were discussed. We propose the following:
Proposal 1:
· For NR V2X, issues related to 7.2.4.1 are prioritized 
· The issues that are of highest priority for this AI are:
· TBS size determination
· SCI design
· SL CSI-RS and SL PT-RS mapping
Proposal 2:
· For the TB size determination
· No parameter  introduced
· 
The number of available symbols excludes guard time symbol before PSFCH symbols
· SL CSI-RS is assumed to be always present
· The REs occupied by SL PT-RS are subtracted form the number of REs 
· Assuming zero resource for second stage SCI
Proposal 3: 
· For deriving the number of coded modulation symbols for 2nd stage SCI
· Configure different offset values for rank 1 and rank 2 PSSCH transmissions
· Have a minimum value to ensure code rate is not too high

Proposal 4: the following scrambling seeds sequences are used:
· For data sent on the PSSCH: L1 destination ID
· For the second stage SCI: L1 destination ID (applied separately of data transmitted on the PSSCH, per RAN1#98bis decision)
· For the first stage SCI: 510 (or any fixed value)
· For the PSBCH: synchronization source ID
Proposal 5: the second stage SCI can indicate which MCS table to use
Proposal 6: A length-2 Hadamard code is applied as OCC on top of the PDCCH DMRS
Proposal 7: Editors discuss and make terminology for first and second stage SCI consistent across all specifications.
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