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1. Introduction
At RAN1#100bis-e meeting [1], we had many discussions via email and many agreements were reached for 5G V2X with NR-SL WID. There are a few remaining issues to make RAN1 specifications completed. In this contribution, we share our views on SL physical layer structure for 5G V2X with NR-SL.


2. Discussions
2.1. TBS determination
	Agreements:
· For sidelink TBS determination, N_RE’ and/or N_RE are calculated based on the procedure step 1) in 5.1.3.2 Transport block size determination of TS38.214 with the following considerations.
· For the number of PSSCH symbols,
· AGC symbol and GP symbol in the end of slot are excluded. 
· PSCCH overhead
· The exact number of REs for PSCCH (including PSCCH DMRS) is considered
· 2nd SCI overhead
· FFS: How to consider the 2nd SCI 
· FFS: How to handle the relationship between PSSCH TBS determination and 2nd stage SCI modulated symbols determination. 
· FFS: how to consider PSFCH, PSSCH DMRS, GP symbols before PSFCH, SL PT-RS, SL CSI-RS
· FFS: N_oh^PRB is introduced or not (pre-)configured per resource pool. 
· It is RAN1’sunderstanding 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).

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.


At the previous e-meetings, there was long discussion for TBS determination on NR-SL and the above agreements were reached. Most big issues were solved, while details needs to be clarified. 
A: DM-RS overhead
It was agreed that PSSCH DM-RS overhead is subtracted as the reference number of REs occupied by PSSCH DM-RS. The reference number is the average number of DM-RS REs among (pre-)configured patterns, but the details are unclear. A question is that whether less DM-RS REs in the PSCCH sub-channel is considered to get the reference number or not.
We believe that less DM-RS REs in the PSCCH sub-channel should be considered for the reference number. The consideration is better to obtain actual code rate as close as target code rate. For example, let us assume as an example that sub-channel size = 10 PRBs, PSSCH duration = 13 symbols, PSCCH duration = 3 symbols, and the PSSCH is transmitted with two sub-channels. In this case, DM-RS location can be illustrated as Fig. 1.
[image: ]
Fig. 1: DM-RS overhead (left: 2-symbol, middle: 3-symbol: right: 4-symbol)
We can see that in case of 3-symbol/4-symbol DM-RS, DM-RS overhead is not the same among PRBs due to the presence of PSCCH. The reference number does not consider the PSCCH presence? It will lead to large difference between target code rate and actual code rate. When 6 DM-RS REs are existing per DM-RS symbol per PRB, the reference number N_DMRS is 
N_DMRS = {(6 REs * 2 symbols * 10 PRBs * 2 sub-channels) +
 (6 REs * 3 symbols * 10 PRBs * 2 sub-channels) +
 (6 REs * 4 symbols * 10 PRBs * 2 sub-channels)} / 3
= (240 + 360 + 480) / 3 = 360 REs
Actual DM-RS number (less REs due to presence of PSCCH) is 240 REs, 300 REs, 420 REs for 2-symbol, 3-symbol, 4-symbol DM-RS, respectively. The largest difference between the reference number and actual number is 120 (= 360 – 240).
If less DM-RS REs in the PSCCH sub-channel is considered, the reference number N_DMRS is
N_DMRS = {(6 REs * 2 symbols * 10 PRBs * 2 sub-channels) +
 (6 REs * 3 symbols * 10 PRBs * 2 sub-channels – 60 REs) +
 (6 REs * 4 symbols * 10 PRBs * 2 sub-channels – 60 REs)} / 3
= (240 + 300 + 420) / 3 = 320 REs
The largest difference between the reference number and actual number is 100 (= 420 – 320).
Based on the analysis, the reference number of REs occupied by PSSCH DM-RS should not include REs that is used for PSCCH and that PSSCH DM-RS is not mapped on.
Observation 1:
· If less DM-RS REs in PSCCH sub-channel is considered to get the reference number of REs occupied by PSSCH DM-RS, the actual code rate of the calculated TBS will be closer to the target code rate.
Proposal 1:
· The reference number of REs occupied by PSSCH DM-RS does not include REs that is used for PSCCH and that PSSCH DM-RS is not mapped on.



B: sl-xOverhead value list
At the last meeting, it was agreed that sl-xOvehead is newly introduced, while the value list is not determined yet. The overhead is used to consider PT-RS/CSI-RS overhead. Here, in NR-Uu, xOverhead can be configured from {0, 6, 8, 12}. In NR-SL, it seems that PT-RS/CSI-RS overhead is not so large. No motivation to add more values will be identified, thereby the same range as that of xOverhead will be fine. We propose the following for this issue.
Proposal 2:
· sl-xOvehead is (pre-)configured with a value from {0, 6, 12, 18}.


Based on the previous agreements and the above two proposals, the following TP is submitted.
Proposal 3:
· Apply the following TP for TS 38.214.
	[bookmark: _Toc29673241][bookmark: _Toc29673382][bookmark: _Toc29674375][bookmark: _Toc36645605]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 PSFCH symbols indicated by 1st-stage SCI format.
-	 is overhead (pre-)configured by higher layer parameter sl-xOvehead.
-	A UE determines the total number of REs allocated for PSSCH  by

where
-	 is provided by sl-TimeResourcePSCCH-r16.
-	 is provided by sl-FreqResourcePSCCH-r16.
-	 is the average number of DM-RS REs among (pre-)configured patterns, where REs that DM-RS is not mapped on due to the presence of PSCCH are not included in the number.
-	 is the exact number of 2nd-stage SCI REs in the PSSCH.
After  is determined, TBS is determined by 2), 3), 4) of clause 5.1.3.2.




2.2. Rate-matching formula of 2nd-stage SCI
	38.212
[bookmark: _Toc29326643][bookmark: _Toc29327793][bookmark: _Toc36045983][bookmark: _Toc36046243][bookmark: _Toc36046389]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, denoted as , is determined as follows:

...
-	 is the number of resource elements that can be used for transmission of the SCI format 0-2 in OFDM symbol , for , in PSSCH transmission and  is the number of allocated symbols for the PSSCH except AGC symbol as defined in [6, TS 38.214]:
-	 =  -  -  - 
...
-	 is the -th code block size for SL-SCH of the PSSCH transmission.
...


The above formula is that for rate-matching of 2nd-stage SCI. Two issues are remaining.
A. Infinite loop with TBS determination
As captured in the previous section, TBS is determined by using the actual number of REs occupied by 2nd-stage SCI. Meanwhile, as presented above, rate-matching formula of 2nd-stage SCI uses the calculated TBS (blue part of the formula). This part intends code rate of SL-SCH. Here, there is an infinite loop between TBS determination and rate-matching formula since they are dependent on each other. To avoid this loop, the rate-matching formula should be updated.
In NR-Uu, we have two similar formulas; one is for UCI multiplexing on PUSCH with UL-SCH and the other one is for UCI multiplexing on PUSCH without UL-SCH. The second one is the following:


HARQ-ACK is taken as an example. This formula uses R*Qm instead of assumed code rate of TBS. R*Qm is target code rate. The value is not the same but it would be similar. Therefore, the same mechanism can be reused to update the rate-matching formula of 2nd-stage SCI. TBS is not used in the formula. The infinite loop issue can be solved by the update.
Observation 2:
· Infinite loop is existing between TBS determination and rate-matching of 2nd-stage SCI.
· To solve this issue, the rate-matching formula should be updated.
Proposal 4:
· Reuse rate-matching formula of UCI on multiplexing without UL-SCH for that of 2nd-stage SCI.


B. Presence of CSI-RS
As presented above, the rate-matching formula of 2nd-stage SCI uses CSI-RS overhead (green part of the formula). Meanwhile, CSI request, which indicates the presence of CSI-RS within the corresponding PSSCH, is transmitted in 2nd-stage SCI. Here, the system does not work since RX-UE does not know the CSI-RS presence before the 2nd-stage SCI decoding. Alternatively, RX-UE needs to do blind decoding for 2nd-stage SCI, which is undesirable.
To address this issue, we believe that CSI-RS overhead should not be considered in the rate-matching. CSI-RS is not always present among multiple transmissions of a TB; therefore the ignore of the CSI-RS overhead is not so large impact. Note that, from the same reason, CSI-RS should not be mapped on the symbol as the 2nd-stage SCI; otherwise, RX-UE does not know REs that the 2nd-stage SCI is mapped on.
Observation 3:
· Presence of CSI-RS is unknown to RX-UE before decoding of the 2nd-stage SCI.
Proposal 5:
· CSI-RS is not be used for rate-matching formula of 2nd-stage SCI.
· CSI-RS is not be mapped on the same symbol as the 2nd-stage SCI.


Based on the above two proposals, we submit the following TP.
Proposal 6:
· Apply the following TP for TS 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].
-	firstOFDMSymbolInTimeDomain replaced with higher layer parameter firstSymbolInTimeDomainCSIRS-SL.
-	UE is not expected to map CSI-RS on the same symbol as the 2nd-stage SCI.


· Apply the following TP for TS 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, denoted as , is determined as follows:

where
-	 is the number of the SCI format 0-2 bits 
-	 is the number of CRC bits for SCI format 0-2, which is [xxx] bits. 
-	 is indicated in the corresponding SCI format 0-1. 
-	 is the number of code blocks for SL-SCH of the PSSCH transmission.
-	 is the scheduled bandwidth of PSSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries DMRS, in the PSSCH transmission.
-	 is the number of subcarriers in OFDM symbol  that carries PT-RS, in the PSSCH transmission.
-	 is the number of subcarriers in OFDM symbol  that carries CSI-RS, in the PSSCH transmission.
-	 is the number of resource elements that can be used for transmission of the SCI format 0-2 in OFDM symbol , for , in PSSCH transmission and  is the number of allocated symbols for the PSSCH except AGC symbol as defined in [6, TS 38.214]:
-	 =  -  -  -  
-	 is the number of otherwise vacant resource elements in the resource block to which the last coded symbol of the SCI format 0-2 belongs.
-	 is the -th code block size for SL-SCH of the PSSCH transmission.
-	 is configured by higher layer parameter sl-Scaling.
-	 is the target code rate of the PSSCH, determined according to clause 8.1.3.1 of [6, TS38.214];
-	 is the modulation order of the SL-SCH;




2.3. Resource pool configuration
	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.


At the last meeting, although further discussion was made on whether/how to deal with the remaining PRBs, there was no consensus. Here, we provide further analysis for this issue.
Firstly, we believe that it should be possible that the remaining PRBs are used. Before frequency resource is provided for 5G V2X system from country/region/etc, they will analyze which V2X technology should be used with the frequency resource. Currently, there are several technologies in the world. 5G V2X should aim to be better than them so that advanced V2X services can be provided to customers. However, if 5G V2X system cannot use the remaining PRBs, i.e. whole CBW, the performance might be worse than the other technologies and the country/region/etc. could not allocate frequency resource to 5G V2X system. Companies belonging to 3GPP should try to avoid this situation.
Meanwhile, we understand that additional mechanism to use the remaining PRBs would lead to higher UE complexity. This is also undesirable since higher UE complexity would imply that higher UE cost. It inhibits expanding 5G V2X services. Good solution for the good balance should be found.
Let us analyze the possible remaining PRBs. Sub-channel size is (pre-)configured as a value from the set of {10, 15, 20, 25, 50, 75, 100}. Relations of the number of available PRBs in a carrier, sub-channel size, the number of sub-channels, and the remaining PRBs are summarized in Table 1. Table 1 includes other sub-channel sizes for discussion. It is noted that, the parameters are based on the RAN4 agreements. The agreed parameters at RAN4 are n38/n47 with 10/20/30/40 MHz CBW and 15/30/60 kHz SCS. Other parameters might be under discussion to be supported additionally. RAN1 should not consider them in the current phase.
Table 1: No. of sub-channels and the remaining PRBs.
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Red colors in the above tables are the case of no remaining PRBs. As shown in the tables, in many cases with the existing sub-channel size, the remaining PRBs are existing. Especially, in the potentially typical configurations, we can see that 6/8 PRBs are remaining. The following three options can be considered as possible solutions.
· Option 1: New sub-channel size(s) is introduced
If some new sub-channel sizes are introduced, this issue can almost be solved. As examples, table 1 is includes sub-channel size of 12/13/17 PRBs. We can find more red colors by using these sub-channel sizes. To adopt this option, which sub-channel size is OK to be supported should be discussed since it is also impact on UE implementation: PSCCH size, channel estimation, etc. If more additional sub-channels are preferable, we are OK to remove some sub-channel size in NR Rel-16, e.g. 50/75/100 PRBs.
· Option 2: PSSCH can additionally be mapped on the remaining PRBs (not copy but rate-match)
This option means that PSSCH coding rate can be lower. PSCCH mapping on the remaining PRBs will lead to much higher UE complexity, while only PSSCH mapping may be a possible solution to address the issue. Note that, some additional work would be needed, like TBS determination, rate-match of 2nd-stage SCI, mapping order, etc. For example, TBS determination, the same TBS derivation shall be guaranteed among transmissions of a TB; hence, TBS is calculated as if the additional PRBs are a normal sub-channel size. Alternatively, the remaining PRBs are ignored in the calculation. Further discussions like this re necessary. It seems that no additional RAN1 work is not correct assumption for option 2.
· Option 3: Copy is mapped on the remaining PRBs
This option was raised in the last meeting, while we do not see the benefit. Coding rate is not improved. No gain is assumed from PSD perspective as well. UE complexity becomes higher. Therefore, this option is not good choice in our understanding.
Observation 4:
· 5G V2X should aim to use whole CBW.
· Much higher UE complexity should be avoided.
· Some additional sub-channel sizes enable to use whole CBW.
· PSSCH mapping on the remaining PRBs (not copy but rate-match) are beneficial, while it will need further RAN1 discussions.
Proposal 7:
· Support either of the following.
· Additional sub-channel size(s) that enables to use whole CBW is introduced.
· PSSCH can additionally be mapped on the remaining PRBs (not copy but rate-match).


2.4. Group/Sequence hopping for PSFCH
Note that, this section is the same as one in our contribution for procedure AI [2] since which AI is more appropriate for this discussion is unclear for us.
Regarding PSFCH sequence generation, the current specification describes the mechanism as follows.
	38.211
[bookmark: _Toc29230455][bookmark: _Toc36026714]8.3.4.2	PSFCH format 0
[bookmark: _Toc11324487][bookmark: _Toc29230456][bookmark: _Toc36026715]8.3.4.2.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with the following exceptions:
-	 is given by clause 16.3  of [5, TS 38.213]; 
-	 is given by clause 16.3 of [5, TS 38.213];
-	 is the OFDM symbol number in the PSFCH transmission where  corresponds to the first OFDM symbol of the PSFCH transmission;
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213]

[bookmark: _Toc19796426][bookmark: _Toc26459652][bookmark: _Toc29230301][bookmark: _Toc36026560]6.3.2.2	Sequence and cyclic shift hopping
PUCCH formats 0, 1, 3, and 4 use sequences  given by clause 5.2.2 with  where the sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
[bookmark: _Toc19796427][bookmark: _Toc26459653][bookmark: _Toc29230302][bookmark: _Toc36026561]6.3.2.2.1	Group and sequence hopping
The sequence group  and the sequence number  within the group depends on the higher-layer parameter pucch-GroupHopping:
-	if pucch-GroupHopping equals 'neither'



	where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'enable' 





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'disable'




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
The frequency hopping index  if intra-slot frequency hopping is disabled by the higher-layer parameter intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter intraSlotFrequencyHopping, [image: ] for the first hop and [image: ] for the second hop.

38.331
SL-PSFCH-Config-r16 ::=                     SEQUENCE {
   sl-PSFCH-Period-r16         ENUMERATED {sl0, sl1, sl2, sl4}              OPTIONAL,    -- Need M
   sl-PSFCH-RB-Set-r16         BIT STRING (SIZE (275))                      OPTIONAL,    -- Need M
   sl-NumMuxCS-Pair-r16        ENUMERATED {n1, n2, n3, n4, n6}              OPTIONAL,    -- Need M
   sl-MinTimeGapPSFCH-r16      ENUMERATED {sl2, sl3}                        OPTIONAL,    -- Need M
   sl-PSFCH-HopID-r16          INTEGER (0..1023)                            OPTIONAL,    -- Need M
   ...
}


At the last e-meeting, definitions of m0 and mCS were agreed. That is, cyclic shift  for PSFCH sequence  is clearly defined. On the other hand, sequence group  and sequence number  seems not to be described for PSFCH. Further discussion and conclusion are necessary to have the same understanding of  and  among UEs.
Firstly, one higher layer parameter, sl-PSFCH-HopID-r16, is included in the current 38.331 to determine hopping ID of PSFCH sequence, based on the previous agreements. However, how to use this parameter is not explained in the current 38.211. This parameter is applied instead of hoppingId for the PUCCH sequence generation. Section 8.3.4.2.1 should mention the replacement as an additional ‘exception’.
Secondly, the PUCCH sequence generation uses one higher layer parameter, pucch-GroupHopping, to determine whether or not group hopping or sequence hopping is applied. Sequence group  and sequence number  are dependent on the parameter. Meanwhile, there is no higher layer parameter in SL-PSFCH-Config-r16 to replace pucch-GroupHopping with, and there is no clear definition of group hopping/sequence hopping for PSFCH sequence. It is noted that, three types of the hopping mechanisms: pucch-GroupHopping = neither, enable, disable.
· neither: Any hopping is not applied. The fixed  based on sl-PSFCH-HopID-r16 is used. .
· enable: Group hopping is applied.  is determined based on sl-PSFCH-HopID-r16 and . .
· disable: This is the same as neither case.  is not used for sequence of length less than 36.
Among these options, we prefer to apply neither always without any additional higher layer parameter to replace pucch-GroupHopping with, and of course without any further update for hopping. Performance gain of group hopping has not been identified in this WI, and easier option (i.e. the fixed ) is preferable in CR phase.
Observation 5:
· Sequence group  and sequence number  for PSFCH sequence are unclear.
· Performance gain of sequence/group hopping has not identified so far.
Proposal 8:
· Clarify that sl-PSFCH-HopID-r16 is used instead of hoppingId for PUCCH.
· PSFCH sequence is generated as pucch-GroupHopping = neither.
· Apply the following TP for TS 38.211.
	8.3.4.2	PSFCH format 0
8.3.4.2.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with the following exceptions:
-	 is given by clause 16.3  of [5, TS 38.213]; 
-	 is given by clause 16.3 of [5, TS 38.213];
-	 is the OFDM symbol number in the PSFCH transmission where  corresponds to the first OFDM symbol of the PSFCH transmission;
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213];
-	hoppingId is replaced with higher layer parameter sl-PSFCH-HopID-r16;
-	pucch-GroupHopping is assumed to be neither regardless of provided higher layer parameter pucch-GroupHopping if any




2.5. 2nd-stage SCI multiplexing on PSSCH
	Agreements:
· Regarding the previous agreement that RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used:
· The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· The 2nd stage SCI is mapped in frequency first with RB granularity, and then mapped in the next symbol(s).
· The mapping is done by mapping to all RBs in the all sub-channels for the scheduled PSSCH in one symbol first before moving on the next symbol, except possibly the following:
· FFS whether to allow FDM between the 2nd stage SCI and PSCCH or not
· FFS whether to allow FDM between the 2nd stage SCI and PSSCH DM-RS REs
· For modulation order of the 2nd stage SCI, QPSK is used.
· FFS the case of standalone SCI (if supported)
Agreements:
· For RE mapping of the 2nd stage SCI, FDM between 2nd stage SCI and PSSCH DMRS in the same symbol is allowed.
Agreements:
· When PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers.
· X(0)(i)=d(0)(i), X(1)(i)=d(0)(i)
· Note: it does not mean that precoding cycling is required
38.211
[bookmark: _Toc11324544][bookmark: _Toc29230443][bookmark: _Toc36026702]8.3.1.5	Mapping to virtual resource blocks
For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor   in order to conform to the transmit power specified in [5, TS 38.213] and mapped to resource elements  in the virtual resource blocks assigned for transmission, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and meeting all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission;
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, CSI-RS, or PSCCH;
The mapping operation shall be done in two steps:
-	first, the complex-valued symbols corresponding to the bit for the 2nd-stage SCI in increasing order of first the index  over the assigned virtual resource blocks and then the index , starting a the first PSSCH symbol carrying an associated DM-RS;
-	secondly, the complex-valued modulation symbols not corresponding to the 2nd -stage SCI shall be in in increasing order of first the index  over the assigned virtual resource blocks, and then the index  with the starting position given by [6, TS 38.214]. Resource elements used for 2nd-stage SCI in the first step shall not be used for mapping in this step.
[bookmark: _Hlk26193790]The resource elements used for the PSSCH in the first OFDM symbol in the mapping operation above shall be duplicated in the OFDM symbol immediately preceding the first OFDM symbol in the mapping.


The details of 2nd-stage SCI mapping on PSSCH were agreed in RAN1#99 meeting as above and the agreements were captured in section 8.3.1.5 of 38.211. In the above description, 2nd-stage SCI is mapped from the first PSSCH symbol with DM-RS. However, RAN1 has not agreed any rule of the first mapped symbol. Further discussions are necessary for this mapping rule. Two options are considerable as the mapping rule:
· Option 1: Mapped from the first PSSCH symbol with DM-RS
· Option 2: Mapped from the first PSSCH symbol, i.e. from the 2nd symbol (l = 1) within a slot.
Option 1 is the same as the current specification. In option 2, the same mapping rule as SL data is applied. We slightly prefer option 1 based on the following analysis. It is noted that, in the PSSCH DM-RS mapping agreed at the RAN1#99 meeting, option 1 and option 2 with three/four-symbol DM-RS result in the same mapping since the first DM-RS is mapped on the first PSSCH symbol except for AGC symbol. This is described in Fig. 3. Difference between option 1 and option 2 occurs only in the case of two-symbol DM-RS. For example as illustrated in Fig. 3, when two-symbol DM-RS is indicated with three-symbol PSCCH, the first DM-RS symbol in option 1 is the 5th symbol (l = 4) within a slot. In option 2, DM-RS symbol starts from the 2nd symbol (l = 1) within a slot. 
· From the performance perspective of 2nd-stage SCI decoding, option 1 provides slightly better than option 2 since the mapped REs are closer to DM-RS symbol. Meanwhile, the gain seems not to be remarkable. More DM-RS symbol can be indicated in option 2. The use case of two-symbol DM-RS is communication to a UE with small relative speed. In this case, decoding performance will be quite similar between option 1 and option 2.
· From the performance perspective of latency, in most cases, there seems to be no difference. 2nd-stage SCI decoding can start only after completion of the associated PSCCH decoding and then channel estimation by using PSSCH DM-RS. The first DM-RS symbol is the symbol right after the last PSSCH symbol FDMed with PSCCH. Therefore, the start timing of 2nd-stage SCI decoding will be quite similar between option 1 and option 2. If 2nd-stage SCI is transmitted with many coded-bits, i.e. with low coding rate, the 2nd-stage SCI in option 1 is mapped till e.g. the 7th symbol (l = 6) within a slot. In this case, the end time of 2nd-stage SCI decoding will be later than that in option 2. Having said that, 2nd-stage SCI with such a large number of coded-bits and with two-symbol DM-RS would not be a typical case.
Based on the above discussion, system can work well with either option. Option 1, to keep the current specification description for 2nd-stage mapping rule, is slightly preferred to avoid unnecessary specification impact.
[image: ]
(a) Three-symbol DM-RS
[image: ]
(b) Two-symbol DM-RS
Fig. 3: 2nd-stage mapping rule
Observation 6:
· There is no agreement for the first mapping symbol of 2nd-stage SCI.
· From the performance perspective of 2nd-stage SCI decoding and the performance perspective of latency, the following options of 2nd-stage mapping rule make little difference.
· Option 1: Mapped from the first PSSCH symbol with DM-RS
· Option 2: Mapped from the first PSSCH symbol, i.e. from the 2nd symbol (l = 1) within a slot
Proposal 9:
· To take the following as a conclusion. No specification update is assumed.
· 2nd-stage SCI is mapped from the first PSSCH symbol with DM-RS.


3. Conclusion
In this contribution, we discussed the remaining issues on SL physical layer structure. Observations/Proposals are summarized as following: 
Observation 1:
· If less DM-RS REs in PSCCH sub-channel is considered to get the reference number of REs occupied by PSSCH DM-RS, the actual code rate of the calculated TBS will be closer to the target code rate.
Proposal 1:
· The reference number of REs occupied by PSSCH DM-RS does not include REs that is used for PSCCH and that PSSCH DM-RS is not mapped on.
Proposal 2:
· sl-xOvehead is (pre-)configured with a value from {0, 6, 12, 18}.
Proposal 3:
· Apply the following TP for TS 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 PSFCH symbols indicated by 1st-stage SCI format.
-	 is overhead (pre-)configured by higher layer parameter sl-xOvehead.
-	A UE determines the total number of REs allocated for PSSCH  by

where
-	 is provided by sl-TimeResourcePSCCH-r16.
-	 is provided by sl-FreqResourcePSCCH-r16.
-	 is the average number of DM-RS REs among (pre-)configured patterns, where REs that DM-RS is not mapped on due to the presence of PSCCH are not included in the number.
-	 is the exact number of 2nd-stage SCI REs in the PSSCH.
After  is determined, TBS is determined by 2), 3), 4) of clause 5.1.3.2.


Observation 2:
· Infinite loop is existing between TBS determination and rate-matching of 2nd-stage SCI.
· To solve this issue, the rate-matching formula should be updated.
Proposal 4:
· Reuse rate-matching formula of UCI on multiplexing without UL-SCH for that of 2nd-stage SCI.
Observation 3:
· Presence of CSI-RS is unknown to RX-UE before decoding of the 2nd-stage SCI.
Proposal 5:
· CSI-RS is not be used for rate-matching formula of 2nd-stage SCI.
· CSI-RS is not be mapped on the same symbol as the 2nd-stage SCI.
Proposal 6:
· Apply the following TP for TS 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].
-	firstOFDMSymbolInTimeDomain replaced with higher layer parameter firstSymbolInTimeDomainCSIRS-SL.
-	UE is not expected to map CSI-RS on the same symbol as the 2nd-stage SCI.


· Apply the following TP for TS 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, denoted as , is determined as follows:

where
-	 is the number of the SCI format 0-2 bits 
-	 is the number of CRC bits for SCI format 0-2, which is [xxx] bits. 
-	 is indicated in the corresponding SCI format 0-1. 
-	 is the number of code blocks for SL-SCH of the PSSCH transmission.
-	 is the scheduled bandwidth of PSSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries DMRS, in the PSSCH transmission.
-	 is the number of subcarriers in OFDM symbol  that carries PT-RS, in the PSSCH transmission.
-	 is the number of subcarriers in OFDM symbol  that carries CSI-RS, in the PSSCH transmission.
-	 is the number of resource elements that can be used for transmission of the SCI format 0-2 in OFDM symbol , for , in PSSCH transmission and  is the number of allocated symbols for the PSSCH except AGC symbol as defined in [6, TS 38.214]:
-	 =  -  -  -  
-	 is the number of otherwise vacant resource elements in the resource block to which the last coded symbol of the SCI format 0-2 belongs.
-	 is the -th code block size for SL-SCH of the PSSCH transmission.
-	 is configured by higher layer parameter sl-Scaling.
-	 is the target code rate of the PSSCH, determined according to clause 8.1.3.1 of [6, TS38.214];
-	 is the modulation order of the SL-SCH;


Observation 4:
· 5G V2X should aim to use whole CBW.
· Much higher UE complexity should be avoided.
· Some additional sub-channel sizes enable to use whole CBW.
· PSSCH mapping on the remaining PRBs (not copy but rate-match) are beneficial, while it will need further RAN1 discussions.
Proposal 7:
· Support either of the following.
· Additional sub-channel size(s) that enables to use whole CBW is introduced.
· PSSCH can additionally be mapped on the remaining PRBs (not copy but rate-match).
Observation 5:
· Sequence group  and sequence number  for PSFCH sequence are unclear.
· Performance gain of sequence/group hopping has not identified so far.
Proposal 8:
· Clarify that sl-PSFCH-HopID-r16 is used instead of hoppingId for PUCCH.
· PSFCH sequence is generated as pucch-GroupHopping = neither.
· Apply the following TP for TS 38.211.
	8.3.4.2	PSFCH format 0
8.3.4.2.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with the following exceptions:
-	 is given by clause 16.3  of [5, TS 38.213]; 
-	 is given by clause 16.3 of [5, TS 38.213];
-	 is the OFDM symbol number in the PSFCH transmission where  corresponds to the first OFDM symbol of the PSFCH transmission;
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213];
-	hoppingId is replaced with higher layer parameter sl-PSFCH-HopID-r16;
-	pucch-GroupHopping is assumed to be neither regardless of provided higher layer parameter pucch-GroupHopping if any


Observation 6:
· There is no agreement for the first mapping symbol of 2nd-stage SCI.
· From the performance perspective of 2nd-stage SCI decoding and the performance perspective of latency, the following options of 2nd-stage mapping rule make little difference.
· Option 1: Mapped from the first PSSCH symbol with DM-RS
· Option 2: Mapped from the first PSSCH symbol, i.e. from the 2nd symbol (l = 1) within a slot
Proposal 9:
· To take the following as a conclusion. No specification update is assumed.
· 2nd-stage SCI is mapped from the first PSSCH symbol with DM-RS.
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