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1. Introduction
At RAN plenary #83 meeting, NR-V2X WID was endorsed as ‘New WID on 5G V2X with NR sidelink’. According to the WID, there were a lot of discussions on NR-V2X at the previous RAN1 meetings. In this contribution, we share our views on SL physical layer structure for NR-V2X including TBS/MCS, SL signals, and channels.

2. Discussions
2.1. TBS/MCS
· TBS determination
One remaining issue is how to determine TBS for PSSCH transmission. Let us remember TBS determination for NR-Rel-15. The following is determination flow [1].
	1. The number of available REs per RB for the data transmission is calculated roughly
, where  is the number of subcarriers per PRB,  is the number of scheduled symbols,  is the number of REs for DM-RS per PRB, and  is overhead like CSI-RS, PT-RS, PDCCH other than DM-RS and configured by higher layer parameter.
2. The total number of available REs for the data transmission is calculated
, where  is the total number of allocated PRBs.
3. The number of transmittable information bits is obtained
, where R is target code rate defined in MCS tables, Qm is modulation order defined in MCS tables, and v is the number of layers.
4. TBS is derived by quantization using table for  and formulas otherwise.


Baseline should be the same as the TBS determination mechanism on NR-Uu as described above. Three questions are introduced for NR-SL, i.e.
· Q1. How to set ?
· Q2. How to determine ?
· Q3. How to consider PSFCH slot for the case of N = 2, 4?
Regarding the first question, in NR-Uu, PDCCH is not overlapped with DM-RS for PDSCH as discussed below. However, NR-SL supports PSCCH/PSSCH multiplexing option 3, and to support relative speed = 500 km/h, overlap between PSCCH and DM-RS for PSSCH in time-domain may be supported, which is still FFS on the outcome of email discussion [98b-NR-10].  If supported, the number of DM-RS per PRB is different between PRB with PSCCH and PRB(s) without PSCCH. Update to address the issue is necessary. Our suggestion is,  is the number of REs for DM-RS per PRB without PSCCH. Coding rate would be lower than expected, where transmission will be successful. Another possible option may be a (pre-)configured parameter for , but we do not see the benefit compared to the first solution.
For the second question, in NR-Uu, all overhead other than DM-RS is subtracted, where the overhead is configured as approximate value from {0, 6, 12, 18}. Sometimes there are PDCCH and/or CSI-RS and/or PT-RS in the scheduled resources, and sometimes there are not. If the parameter is not configured, ‘0’ is applied for . Meanwhile, in NR-SL, SCI is always transmitted on PSCCH/PSSCH in the selected resource and the amount will be fixed. For example, let us assume SCI payload size is 100 bits and coding rate is 1/3. One sub-channel is composed of 10 PRBs. All modulation is QPSK and the transmission is done by using single sub-channel. In this case, 100/{(1/3)*2} = 150 REs are used for SCI transmission. That is, SCI overhead (equivalently) per PRB is 150/10 = 15 REs. The actual overhead is completely deferent from ‘0’. To address the issue,  should be (pre-)configured for NR-SL, which is different parameter from that for NR-Uu. Otherwise, out-of-coverage UE uses the default value of  for NR-Uu, i.e. ‘0’. Actual coding rate is completely different from target coding rate in this case.
Regarding the third question, TBS is calculated from the number of symbols . In other words, if the same number of sub-channels is used for two transmissions, and if one is transmitted on PSFCH slot and the other is on non-PSFCH slot, then calculated TBSs are different between the two transmissions. The two transmissions would be initial transmission and retransmission of a TB, but it is impossible on the current TBS determination mechanism. Other parameters like frequency-domain resource can be changed, but the granularity is not high; hence, same TBS by parameter adjustment seems so difficult. Feasible solution is that TBS is calculated from the number of PSSCH symbols in PSFCH slot even when the transmission is done at non-PSFCH slot. The same TBS can be derived much easily.
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Fig. 1: Issues on TBS determination for NR-SL
Observation 1:
· For TBS determination on NR-SL, 
· The number of PSSCH DM-RS is different between PRB with PSCCH and PRB without PSCCH, if PSSCH DM-RS can be FDMed with PSCCH in a symbol.
· Overhead other than PSSCH DM-RS is always transmitted with any TB transmission, which is different from NR-Uu.
· For same TBS derivation, actual symbols of PSSCH is not suitable for the case of N =2, 4.
Proposal 1:
· For NR-SL, update the following aspects from TBS determination mechanism in NR Rel-15.
·  is the number of REs for PSSCH DM-RS per PRB where PSCCH is not mapped, if PSSCH DM-RS can be FDMed with PSCCH in a symbol.
·  is (pre-)configured as separate parameter from xOverhead for NR-Uu.
·  is the number of PSSCH symbols in PSFCH slot for the case of N = 2, 4.

· MCS
In this sub-section, MCS for PSSCH are discussed. The following agreements were reached in the RAN1#98bis meeting [2].
	Agreements:
· 256QAM is supported for SL.
· Support of 256QAM by a UE is FFS between mandatory vs. based on UE capability from the Rx perspective 
· Support of 256QAM is based on UE capability from the Tx perspective
· 64QAM is mandatory

Agreements:
· Three MCS tables supported in Rel-15 NR Uu CP-OFDM are also used for SL. 
· Support of the 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


Three MCS tables for NR Uu CP-OFDM are supported and one MCS table is (pre-)configured. One remaining FFS is whether PC5-RRC/SCI can overwrite the (pre-)configured MCS table or not. In our view, MCS table overwriting should be allowed in NR-SL. For example, 64QAM is mandatory and 256QAM is an UE capability, so let us assume that 64QAM MCS table is (pre-)configured. Some UEs would support unicast traffic with large payload like data stream transmission of HD camera video. In this case, 256 QAM is better for higher resource efficiency. However, if overwriting is not allowed, 64QAM table shall be used even for the unicast transmission. It implies that 256QAM is unavailable in actual system, which is undesirable. If allowed, 64QAM table can be baseline and 256QAM table can be used for specific link.
Regarding either PC5-RRC or SCI, we prefer PC5-RRC for the overwriting. Appropriate MCS table is dependent on the traffic type and the channel condition. They are not changed dynamically; hence, overwritten by PC5-RRC is sufficient. It is noted that, for two traffic types, two PC5-RRC connections can be setup on one UE-pair if needed according to RAN2 agreements.
Proposal 2:
· (Pre-)configured MCS table can be overwritten by PC5 RRC signaling.

2.2. PSCCH/SCI
· Two-stage SCI
RAN1 concluded that two-stage SCI is supported for NR-SL and the details of two-stage SCI were agreed as the following.
	RAN1#97
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
RAN1#98
Agreements:
· Support 2-stage SCI
· 1st SCI is carried in PSCCH.
· FFS: other details
RAN1#98bis
Agreements:
· The 2nd stage SCI is carried within the resource of the corresponding PSSCH.
· Scrambling operation for the 2nd stage SCI is applied separately with PSSCH
Agreements:
· Support 1st stage SCI in PSCCH in one subchannel only. 
· Within one subchannel, there is at most one 1st stage SCI, except for spatial re-use
· For RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used. To down-select:
· Alt 1. The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· Alt 1-1. only RBs in the subchannel having the corresponding 1st stage SCI can be possibly used for mapping the 2nd stage SCI
· Alt 1-2. only RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
· Alt 2. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
· Whether to allow mapping with the same symbol of PSSCH DMRS
· For modulation order of the 2nd stage SCI, to down-select:
· Alt 1. Fixed as QPSK
· Alt 2. Same as PSSCH
· The same PSSCH DM-RS port(s) is used for transmitting the 2nd stage SCI.
· When PSSCH is 2-layer, FFS how to map the 2nd stage SCI modulation symbols to the two layers, to down-select:
· Alt 1: when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers
· Alt 2: when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· A combination thereof


The remaining issues on the 2nd stage are frequency mapping, modulation order, and layer mapping. Our position is to reuse ‘UCI multiplexing on PUSCH’ as much as possible for less RAN1 work.
Frequency mapping
For mapping rule of the 2nd stage, there are two high-level options of whether the 2nd stage is mapped on the distributed REs in frequency-domain or not. In our view, the distribution mapping should be adopted as ‘UCI multiplexing on PUSCH’. It is beneficial for randomization of interference. For example, one transmission from UE#A is done in four sub-channels. When UE#B uses the 2nd sub-channel for another transmission at the same time, large interference to UE#A’s transmission occurs at the only 2nd sub-channel. In this case, if the 2nd SCI is mapped only on the 2nd sub-channel, decoding would be failed; otherwise, will be successful. It is noted that alt 2 can reuse the same mechanism as NR Rel-15 while alt 1-1 and 1-2 need more discussions for the detailed mapping rule.
Modulation order
We do not see much different between Alt 1 and Alt 2 from performance perspective. Rate-matching of the 2nd stage can control the performance, so both alternatives can provide similar performance. From RAN1 workload perspective, the same mechanism as NR Rel-15 is better in consideration of rate-matching mechanism. Therefore, we prefer Alt 2, i.e. same modulation as data in PSSCH.
Layer mapping
For layer mapping, similar discussion to modulation order can be provided, i.e., difference between Alt 1 and Alt 2 is not so large from performance perspective. In ‘UCI multiplexing on PUSCH’ of NR Rel-15, Alt 2 is adopted. The same mechanism is better in terms of less RAN1 work.
Others
In addition, rate-matching aspect should be discussed and concluded in this RAN1 meeting. The 2nd stage SCI is mapped on a part of resources for PSSCH. The amount is not decided yet. In ‘UCI multiplexing on PUSCH’ of NR Rel-15, higher layer parameters  are configured and rate-matching is performed by using the parameters, the number of UCI bits, the number of data bits, and the number of available resources for the transmission. To reuse the same mechanism, the two higher layer parameters should be (pre-)configured separately from NR-Uu. Performance target will be different between UCI and SCI.
Proposal 3:
· For 2nd stage SCI transmission,
· Take Alt 2 for mapping rule
· i.e. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
· Take Alt 2 for modulation order
· i.e. Same as PSSCH data
· Take Alt 2 for layer mapping
· i.e. when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· The same rate-matching rule as ‘UCI multiplexing on PUSCH’ is supported
·  are (pre-)configured separately from NR-Uu

· SCI contents
SCI contents on each stage are still under discussions. To decide the details of each stage SCI, one key point is whether 2nd stage of two-stage SCI mechanism is decoded by RX-UEs in case of broadcast. We believe that 2nd stage should be used for broadcast as well as unicast/groupcast. In our understanding, one of the motivations to introduce two-stage SCI is to support easily new SCI field in future release. Two-stage SCI can realize that with very few reserved bits or without reserved bits. In consideration of this motivation, RX-UEs of broadcast should decode 2nd stage since new feature for broadcast could be supported in future release. Otherwise, reserved bits for broadcast are necessary in 1st stage, where the advantage of two-stage SCI mechanism is lost.
Proposal 4:
· RX-UEs decode 2nd stage to receive broadcast transmissions.

Under the above assumption, i.e. 2nd stage is used regardless of cast-type, at least SCI contents in table 1 should be supported. HARQ process number (HPN), new data indicator (NDI), and redundancy version (RV) can be included in 2nd stage. They can be used for any cast-type, but are unnecessary for sensing and decoding 2nd stage. L1 destination ID should be conveyed on 1st stage for sensing while L1 source ID is transmitted on 2nd stage. As abovementioned, we support 2nd stage multiplexing on PSSCH, where MCS and time-domain DM-RS pattern need to be conveyed on 1st stage to decode 2nd stage. CSI-RS indication field is unnecessary according to the agreements at the RAN1#98bis meeting, where SL-CSI-RS is transmitted only if the corresponding SCI triggers SL CQI/RI reporting. Other fields are dependent on other discussion topics, so they are not precluded.
Table 1: SCI contents
	SCI field
	Size
	1st stage
	2nd stage

	2nd stage information
	
	O
	

	HPN
	[1-4]
	
	O

	NDI
	1
	
	O

	RV
	2
	
	O

	L1 source ID
	16
	
	O

	L1 destination ID
	8
	O
	

	Freq.-domain resource information
	(Dependent of mode 2 AI)
	O
	

	Time-domain resource information 
	(Dependent of mode 2 AI)
	O
	

	MCS
	5
	O
	

	CSI (CQI/RI) request
	1
	
	O

	Time-domain DM-RS pattern
	1
	O
	

	Priority
	[3]
	O
	

	[Pre-reservation]
	1
	O
	

	TX UE location
	
	
	O

	HARQ feedback enabled/disabled
	1
	
	O

	HARQ feedback option for groupcast
	1
	
	O

	CRC
	24
	O
	O



Proposal 5:
· Support at least SCI contents, field size, and stage in table 1 for two-stage SCI.

· PSCCH/PSSCH multiplexing
	Outcome of email discussion [98b-NR-10]
· Support that the lowest PRB of a PSCCH is the same as lowest PRB of the corresponding PSSCH.
· FFS: Also support that the highest PRB of a PSCCH is the same as highest PRB of the corresponding PSSCH
· For the starting symbol of PSCCH in a slot, 2nd SL symbol in the slot is used.
· FFS: which signal/channel(s) is mapped in the 1st SL symbol in the slot. It is not precluded to map certain portion of PSCCH to the 1st SL symbol in a slot.
· FFS: whether/how to support that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol 
· If RAN1 decides to support mapping PSSCH DMRS and PSCCH in the same OFDM symbol, then this mapping within a single sub-channel is only supported for sub-channel sizes >= 20 PRBs.
· Note: This might not have specification impact, pending the outcome of other discussions in RAN1#99.
· Note: This does not imply that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol within the same sub-channel for other cases and within the different sub-channels.


At the current situation, the above email discussion is not closed yet, but very close to taking as agreements. Here, we discuss PSCCH/PSSCH multiplexing based on the current situation.
PSSCH location in frequency-domain
Based on the above, the lowest PRB of a PSCCH is the same as the lowest PRB of the corresponding PSSCH. That is, PSCCH is multiplexed with PSSCH as the left one of the following figures. FFS is the middle one of the following figures. The motivation mentioned in the email discussion is, adding offset to reduce interference. However, the additional mechanism leads to one concern on PDCCH blind decoding. In the middle figure, the PSCCH resources in frequency-domain are clearly different from those in the left figure. The number of blind decoding is increased by the approach. Therefore, no need to support that the highest PRB of a PSCCH is the same as highest PRB of the corresponding PSSCH.
In the email discussion, some companies’ intention seems not the middle one but the right one of the following figure. That is, PSCCH location in each sub-channel is the same but PSCCH location in the used resource can be different from the left figure. In our understanding, the approach could be beneficial if most transmissions use larger number of sub-channels. In this case, most PSCCH would be mapped on lower sub-channels in the first figure, where many PSCCH overlaps would occur. Meanwhile, if most transmissions use smaller number of sub-channels compared to the total number of sub-channels, PSCCH locations are distributed into all sub-channels, where little gain would be observed. We have strong concern on lack of time, so the approach should be deprioritized, but if so large gain can be provided, that might be possible to be supported. In addition, one concern was raised in the email discussion: the approach is against to the previous agreement (PSSCH is mapped on contiguous PRBs) while we feel the agreement’s intention was different.
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Fig. 2: Discussion on PSSCH location in frequency-domain
Proposal 6:
· Not support that the highest PRB of a PSCCH is the same as highest PRB of the corresponding PSSCH.
· Deprioritize mapping PSCCH on the lowest PRBs in one of the sub-channels of the corresponding PSSCH.

1st SL symbol in a slot
One FFS point is, which signal/channel(s) is mapped in the 1st SL symbol in the slot. The first symbol is used for AGC, so mapping PSCCH is not desirable. In comparison among AGC, RS, and AGC training sequence, we prefer mapping PSSCH or PSSCH DM-RS on the first symbol in the slot since it can be supported without any additional RAN1 work and no much difference is assumed among them. 
Proposal 7:
· Only PSSCH is mapped on the 1st symbol in a slot.

FDM between PSSCH DM-RS and PSCCH in a symbol
In NR Rel-15, it is assumed that PDSCH DM-RS is not overlapped with PDCCH in time-domain. If the overlapping would occur, PDSCH DM-RS is postponed to non-overlapping symbol (PDSCH mapping type B). It is assumed that the feature was introduced to keep channel estimation complexity and to avoid different configurations/parameters, e.g., power, between overlapping symbols and non-overlapping symbols. In NR-SL, PSSCH DM-RS would possibly be overlapped with PSCCH in time-domain when PSCCH and PSSCH multiplexing option 3 is adopted. In consideration of high relative speed in NR-V2X, postponing DM-RS seems not feasible solution for good channel estimation accuracy. By the above agreements, only PSSCH DM-RS mapping on the 2nd symbol in a symbol is not allowed. Allowing FDM is our preference after the agreements.
To address the above raised issues, the same power should be applied between PSCCH and PSSCH. Regarding channel estimation complexity, if FDM is supported, the maximum number of required channel estimations becomes double (under the assumption of independent channel estimation among sub-channels). One restriction was added where FDM between PSSCH DM-RS and PSCCH within a single sub-channel is only supported for sub-channel sizes >= 20 PRBs. It is assumed that, due to the restriction, the maximum number can be kept as that for sub-channel sizes = 10 PRBs. One question is, mechanism of how to achieve TDM between PSSCH DM-RS and PSCCH for sub-channel sizes < 20 PRBs. Sub-channel size is small, in this case, all PRBs in the sub-channel will be occupied by PSCCH. So our suggestion is, PSCCH is not FDMed with PSSCH in a sub-channel for sub-channel sizes < 20. No further consideration can be necessary for PSSCH DM-RS TDMed with PSCCH.
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Fig. 3: FDM/TDM between PSSCH DM-RS and PSCCH in a symbol
Proposal 8:
· Within a sub-channel,
· PSSCH DM-RS can be FDMed with PSCCH in a symbol for sub-channel size >= 20 PRBs.
· PSSCH shall be TDMed with PSCCH in a symbol for sub-channel size < 20 PRBs.

2.3. PSFCH format
	RAN1#97
Agreements:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and groupcast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
· FFS whether to support the following formats
· X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
· E.g. X=2
· A PSFCH format based on PUCCH format 2
· A PSFCH format spanning all available symbols for sidelink in a slot
RAN1#98
Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2
· Send LS to RAN4 to ask the feasibility of simultaneous transmission of multiple PSFCH, and the maximum value of N if feasible (draft LS in R1-1909873, email approval till 9/5 – Hanbyul, LGE)
· Inform that no conclusion is made in RAN1 regarding whether the transmit power of PSFCH transmitted at the same time is the same or not when N>1.
· Including the current RAN1 agreement on PSFCH design
RAN1#98bis
Agreements of email discussion [98b-NR-09]:
· For the agreed sequence-based PSFCH format with one symbol (not including AGC training period),
· 1 PRB is used. 
· Only 1 bit can be carried for the case of N=1, where N denotes the period of slot having PSFCH resource in a resource pool,
· FFS: for the case of N=2, 4
· Note: Each company is encouraged to discuss on how to handle AGC issue for the agreed sequence-based PSFCH format with one symbol (not including AGC training period) to decide whether/how to support 2-symbol PSFCH format.


At the end of email discussion [98b-NR-09], the details of the sequenced-based PSFCH format is agreed as the above. 1 PRB is used for the PSFCH format, and only one bit is transmitted on the format for the case of PSFCH slot periodicity N = 1 slot. The remaining issues are the number of HARQ-ACK bits for the case of N = 2, 4, and AGC issue on one symbol PSFCH.
Number of HARQ-ACK bits for the case of N = 2, 4
We strongly propose that only one bit is allowed on the sequence-based PSFCH format for the case of N = 2, 4 as well as N = 1. The reason is, as discussed in our contribution for procedure AI [3], HARQ-ACK multiplexing on a PSFCH resource leads to more RAN1 discussions since PSFCH resource determination is completely open issue currently. Even static HARQ-ACK codebook is adopted, common understanding of PSFCH resource between two UEs seems difficult in case when some PSCCH misdetection occurred. How to handle PSCCH misdetection is very big issue. No multiplexing and simultaneous transmissions of multiple PSFCHs can work system without additional RAN1 work, which is allowed according to LS reply from RAN4. We understand that multiplexing is better from resource efficiency/reliablity perspectives, so future release should discuss/support multiple HARQ-ACK bits on a PSFCH resource. No support of HARQ-ACK multiplexing on a PSFCH resource means that only one bit is transmitted on a PSFCH resource. 
Number of PSFCH symbols (AGC)
PSFCH with one symbol seems not sufficient for AGC. Two symbols including AGC symbol is reasonable way in our understanding. The sequence-based PSFCH format with one symbol does not include AGC period; hence, actual transmission of the PSFCH format is two symbols including AGC period. Meanwhile, PSFCH symbol repetition in addition to AGC period, we do not see the strong motivation. PSFCH coverage may be the motivation, but additional issue could be introduced e.g. PSSCH DM-RS pattern in time-domain.
Furthermore, additional PSFCH format is one FFS. As abovementioned, HARQ-ACK multiplexing on a PSFCH resource leads to further discussion for at least PSFCH resource determination. Any PSFCH format other than the sequence-based PSFCH format is unnecessary.
Observation 2:
· If HARQ-ACK multiplexing on a PSFCH resource is supported, many discussions on PSFCH resource determination for the multiplexing are necessary, where PSCCH misdetection is considered.
Proposal 9:
· For the agreed sequence-based PSFCH format with one symbol (not including AGC training period),
· Only 1 bit can be carried for the case of N=2, 4 as well as N=1.
· i.e. if multiple PSFCH transmissions are overlapped, select N PSFCH(s) transmissions based on priority rule.
· PSFCH is transmitted on two symbols including AGC training period.

2.4. Reference signal
· DM-RS
PSCCH DM-RS – pattern
	Agreements:
· Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.	
· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
· FFS: how to initialize DMRS sequence generator


For PSCCH DM-RS pattern, PDCCH DM-RS in NR Rel-15 is reused as the above agreements. Time-domain pattern is still working assumption, and we believe that the working assumption should be confirmed. In NR Rel-15, DM-RS is mapped on the every symbol of PDCCH. The same mapping rule works without any additional RAN1 work. One concern may be the rule for PSCCH with more than 3 symbols. However, DM-RS mapping on every symbol of PSCCH seems not to lead to additional RAN1 work. If different time-domain pattern is supported, the details are FFS. It is impossible to conclude the FFS point in this meeting.
Proposal 10:
· Working assumption of time-domain pattern for PSCCH DMRS is confirmed.

PSCCH DM-RS – sequence
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Sequence of PSCCH DM-RS should be defined, which can be based on PDCCH DM-RS in NR Rel-15. To reduce WI workload, the same sequence and parameters of PDCCH DM-RS in NR Rel-15 should be adopted as many as possible to PSCCH DM-RS. However, some part cannot be applied to NR-SL. In this case, the part can be updated for NR-SL.
Sequence r(m) of PDCCH DM-RS in NR Rel-15 is defined as follows:
· , where
· c(i) is the pseudo-random sequence, and
· , where
· l is the OFDM symbol number within the slot, and
·  is the slot number within a frame, and
·  is given by higher layer parameter if provided; otherwise, .
As PSCCH DM-RS,  and  should be updated. Regarding , PSCCH needs to be decodable by all UEs for sensing procedure.  in PDCCH DM-RS will be cell-specific or UE-specific, so  should be changed for PSCCH DM-RS.  in PSCCH DM-RS can be one specific value. Regarding , just the definition can be the slot number within a sidelink radio frame.
Proposal 11:
· For PSCCH DM-RS, sequence is defined as the same one as NR Rel-15 PDCCH DM-RS sequence with the following update.
· : one specific value
· : slot number within a sidelink radio frame

PSSCH DM-RS – time-domain pattern
	Agreements:
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 


At the RAN1#98 meeting, the above agreements were reached regarding time-domain pattern of PSSCH DM-RS. Firstly, DM-RS pattern should be common between mode 1 and mode 2. Different mechanisms lead to more RAN1 discussions, which is undesirable in the current situation. Regarding how many DM-RS patterns are possible, two patterns are sufficient to be (pre-)configured in our view. If high estimation accuracy of relative speed can be achieved, more patterns are better, but such estimation accuracy is questionable in actual environment. More patterns require more SCI bits, which degrades PSCCH decoding performance.  Note that PSSCH DM-RS patterns need to be defined for both PSFCH slot and non-PSFCH slot.
Proposal 12:
· For time-domain pattern of PSSCH DM-RS,
· Common rule is applied between mode 1 and mode 2.
· Two patterns are (pre-)configured and one bit SCI field indicates either.

PSSCH DM-RS – frequency-domain pattern
	Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS


At the RAN1#97 meeting, the above working assumption were reached regarding frequency-domain pattern of PSSCH DM-RS. Type 1 and type 2 are the candidates but whether to support either or both is still FFS. At least, we believe that only one type of frequency-domain pattern for PSSCH DM-RS is sufficient. Down-selection should be agreed. Advantage of type 1 seems to be better channel estimation performance in frequency-domain per port while advantage of type 2 is that more ports for MU-MIMO are supportable. In NR-SL Rel-16, at most two ports are supported only; therefore, type 1 is more reasonable.
Proposal 13:
· Frequency-domain patterns of NR Rel-15 PDSCH DMRS configuration type 1 are reused for PSSCH.

PSSCH DM-RS – sequence
As with PSCCH DM-RS, sequence and parameters of PSSCH DM-RS should be the same as those of PDSCH DM-RS in NR Rel-15 as many as possible. Sequence r(n) of PDSCH DM-RS is defined as follows:
· , where
· c(i) is the pseudo-random sequence, and
· , where
· l is the OFDM symbol number within the slot, and
·  is the slot number within a frame, and
·  are given by higher layer parameter if provided; otherwise, , and
·  is given by the DM-RS sequence initialization field in DCI 1_1 if any; otherwise, .
Among the sequence and parameters, , , and  should be updated. At first, dynamic indication of DM-RS sequence initialization is not necessary for NR-SL since certain gain could not be provided. That is,  can be fixed as 0. Regarding , similar to PSCCH, PSSCH needs to be decodable by all UEs in broadcast case. On the other hand, for unicast/groupcast, only specific UE(s) need to be decoded. DM-RS sequence mitigates the effect of interference. To cover both aspects,  can be 16 bits L1 destination ID included in 1st stage SCI (i.e. PSCCH). Regarding , just the definition can be the slot number within a sidelink radio frame, which is the same as that of PSCCH DM-RS.
Proposal 14:
· For PSSCH DM-RS, sequence is defined as the same one as NR Rel-15 PDSCH DM-RS sequence with the following update.
· : fixed as 0
· : L1 destination ID
· : slot number within a sidelink radio frame

· SL-CSI-RS
The following agreements were reached in the RAN1#98bis meeting, but still multiple issues are remaining. 
	Agreements:
· Resource mapping of SL CSI-RS is performed by using one SL CSI-RS pattern in an RB, where the possible patterns in an RB are a subset of NR Uu CSI-RS time-frequency/CDM resource mapping patterns in an RB
· The subset is to be pre-defined by spec 
· FFS how the one pattern is determined (but not part of SCI)
· FFS which subset


Sequence
As with PSCCH/PSSCH DM-RS, sequence and parameters of SL-CSI-RS should be the same as those of CSI-RS in NR Rel-15 as many as possible. Sequence r(m) of CSI-RS is defined as follows:
· , where
· c(i) is the pseudo-random sequence, and
· , where
· l is the OFDM symbol number within the slot, and
·  is the slot number within a frame, and
·  is given by higher layer parameter.
Among the sequence and parameters,  and  should be updated. SL-CSI-RS is transmitted on unicast only since CSI reporting is allowed on unicast transmission. Therefore, PC5-RRC parameter can be used for . Regarding , just the definition can be the slot number within a sidelink radio frame.
Proposal 15:
· For SL-CSI-RS, sequence is defined as the same one as NR Rel-15 CSI-RS sequence with the following update.
· : configured by PC5-RRC signalling
· : slot number within a sidelink radio frame

Port number
In NR Rel-15, the maximum number of CSI-RS ports is 32. It is noted that, supported layer number is 8 for single-user and 12 for multi-user as maximum. More CSI-RS ports than actual layer number can provide better PMI reporting. (32 x RX) channel measurement by UE is better to calculate PMI than (8 x RX) channel measurement. In NR-SL Rel-16, the maximum number of layers is two, and PMI reporting is not supported according to WID. Based on the motivation to support more CSI-RS ports, more than two ports SL-CSI-RS are unnecessary. To support SL transmissions with one layer and two layers, one and two SL-CSI-RS ports are sufficient.
Observation 3:
· There is no motivation to support more than 2 CSI-RS ports for NR-SL, where PMI reporting is not supported.
Proposal 16:
· Support one and two as the number of SL-CSI-RS ports.
· More SL-CSI-RS ports are precluded.

Port multiplexing
To support two SL-CSI-RS ports, how to multiplex the two SL-CSI-RS ports needs to be discussed. In NR Rel-15, FD-CDM and TD-CDM are applicable for multiplexing of multiple SL-CSI-RS ports. For SL-CSI-RS, we believe that FD-CDM is better than TD-CDM since higher UE speed is included in the target. To reduce WI workload, only FD-CDM should be supported.
Proposal 17:
· For SL-CSI-RS with two ports, FD-CDM is adopted.
· TD-CDM is precluded.

Configuration/indication
Subset of CSI-RS resource pattern is pre-defined by spec and one is selected for actual transmission, according to the above agreements. How to select is still FFS and we believe that PC5-RRC signalling can be used for this purpose. SL-CSI-RS is available for unicast transmission, where PC5-RRC signalling is available. 
Proposal 18:
· A CSI-RS resource pattern is configured by PC5-RRC signalling.

3. Conclusion
In this contribution, we discussed SL physical layer structure for NR V2X. Proposals are summarized as following: 
Observation 1:
· For TBS determination on NR-SL, 
· The number of PSSCH DM-RS is different between PRB with PSCCH and PRB without PSCCH, if PSSCH DM-RS can be FDMed with PSCCH in a symbol.
· Overhead other than PSSCH DM-RS is always transmitted with any TB transmission, which is different from NR-Uu.
· For same TBS derivation, actual symbols of PSSCH is not suitable for the case of N =2, 4.
Proposal 1:
· For NR-SL, update the following aspects from TBS determination mechanism in NR Rel-15.
·  is the number of REs for PSSCH DM-RS per PRB where PSCCH is not mapped, if PSSCH DM-RS can be FDMed with PSCCH in a symbol.
·  is (pre-)configured as separate parameter from xOverhead for NR-Uu.
·  is the number of PSSCH symbols in PSFCH slot for the case of N = 2, 4.
Proposal 2:
· (Pre-)configured MCS table can be overwritten by PC5 RRC signaling.
Proposal 3:
· For 2nd stage SCI transmission,
· Take Alt 2 for mapping rule
· i.e. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
· Take Alt 2 for modulation order
· i.e. Same as PSSCH data
· Take Alt 2 for layer mapping
· i.e. when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· The same rate-matching rule as ‘UCI multiplexing on PUSCH’ is supported
·  are (pre-)configured separately from NR-Uu
Proposal 4:
· RX-UEs decode 2nd stage to receive broadcast transmissions.
Proposal 5:
· Support at least SCI contents, field size, and stage in table 1 for two-stage SCI.
Proposal 6:
· Not support that the highest PRB of a PSCCH is the same as highest PRB of the corresponding PSSCH.
· Deprioritize mapping PSCCH on the lowest PRBs in one of the sub-channels of the corresponding PSSCH.
Proposal 7:
· Only PSSCH is mapped on the 1st symbol in a slot.
Proposal 8:
· Within a sub-channel,
· PSSCH DM-RS can be FDMed with PSCCH in a symbol for sub-channel size >= 20 PRBs.
· PSSCH shall be TDMed with PSCCH in a symbol for sub-channel size < 20 PRBs.
Observation 2:
· If HARQ-ACK multiplexing on a PSFCH resource is supported, many discussions on PSFCH resource determination for the multiplexing are necessary, where PSCCH misdetection is considered.
Proposal 9:
· For the agreed sequence-based PSFCH format with one symbol (not including AGC training period),
· Only 1 bit can be carried for the case of N=2, 4 as well as N=1.
· i.e. if multiple PSFCH transmissions are overlapped, select N PSFCH(s) transmissions based on priority rule.
· PSFCH is transmitted on two symbols including AGC training period.
Proposal 10:
· Working assumption of time-domain pattern for PSCCH DMRS is confirmed.
Proposal 11:
· For PSCCH DM-RS, sequence is defined as the same one as NR Rel-15 PDCCH DM-RS sequence with the following update.
· : one specific value
· : slot number within a sidelink radio frame
Proposal 12:
· For time-domain pattern of PSSCH DM-RS,
· Common rule is applied between mode 1 and mode 2.
· Two patterns are (pre-)configured and one bit SCI field indicates either.
Proposal 13:
· Frequency-domain patterns of NR Rel-15 PDSCH DMRS configuration type 1 are reused for PSSCH.
Proposal 14:
· For PSSCH DM-RS, sequence is defined as the same one as NR Rel-15 PDSCH DM-RS sequence with the following update.
· : fixed as 0
· : L1 destination ID
· : slot number within a sidelink radio frame
Proposal 15:
· For SL-CSI-RS, sequence is defined as the same one as NR Rel-15 CSI-RS sequence with the following update.
· : configured by PC5-RRC signalling
· : slot number within a sidelink radio frame
Observation 3:
· There is no motivation to support more than 2 CSI-RS ports for NR-SL, where PMI reporting is not supported.
Proposal 16:
· Support one and two as the number of SL-CSI-RS ports.
· More SL-CSI-RS ports are precluded.
Proposal 17:
· For SL-CSI-RS with two ports, FD-CDM is adopted.
· TD-CDM is precluded.
Proposal 18:
· A CSI-RS resource pattern is configured by PC5-RRC signalling.
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