[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #100			R1-2000914
e-Meeting, February 24th – March 6th, 2020

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Remaining issues on sidelink physical layer structure
[bookmark: Source]Agenda Item:	7.2.4.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#99 meeting [1], we had many discussions and agreements on NR-V2X WID. There are a few remaining issues to make RAN1 specs completed. 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 determination
TBS determination for NR-SL is one remaining issue to be discussed. Let us remember TBS determination mechanism in NR Rel-15. The following determination flow is applied [2]:
-----
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
·  is a parameter for 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
· 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. In this case, the following three parameters should be defined clearly. It is noted that, the TBS calculation mechanism is defined for the good balance between the accurate coding rate (spectral efficiency) and the same TBS value for retransmissions (resource allocation flexibility). In other words, if the number of dynamically selectable sets of TX parameters for each TBS is the same/similar, the calculation mechanism with more accurate coding rate should be adopted. No. of sub-channels, I_MCS, and no. of DM-RS symbols will dynamically be changed in NR-SL. Analysis should be provided with these parameter set {no. of sub-channels, I_MCS, no. of DM-RS symbols}.
Observation 1:
· For TBS determination in NR-SL, parameters , ,  should be defined clearly.
A: 
In NR-Uu, PDCCH is not overlapped with DM-RS for PDSCH in time-domain. If PDCCH and DM-RS on PDSCH would be FDMed based on the configuration/indication, the DM-RS on the PDSCH is shifted so that the PDCCH is TDMed with the DM-RS. This mechanism is captured in specification as below [3].
	[bookmark: _Toc19796503][bookmark: _Toc26459729][bookmark: _Toc29230379]7.4.1.1.2	Mapping to physical resources
[...]
For PDSCH mapping type B

[bookmark: _Hlk25169508]-	if the PDSCH duration   OFDM symbols for normal cyclic prefix or  OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
[...]


While, in NR-SL, PSCCH is always FDMed with 3-symbol or 4-symbol DM-RS on PSSCH. PSCCH is mapped from the 2nd symbol of each slot, and one DM-RS symbol on PSSCH is the 2nd symbol of each slot in case of 3-symbol or 4-symbol DM-RS. They are illustrated in Fig. 1.
[image: ]
	Fig. 1: Multiplexing of DM-RS and control channel
As explained above, the number of DM-RS REs are used to calculate the number of available REs per PRB. That is, the calculation is based on the assumption that the number of DM-RS REs are the same among PRBs. Although this assumption is true in NR-Uu, the number of DM-RS REs on PSSCH are different between PRBs with PSCCH and PRBs without PSCCH. Therefore, some clarification/update to address this issue is essentially necessary for NR-SL. As the clarification/update, two options are considerable:
Option A1:  is calculated from the ratio between PRBs with PSCCH and PRBs without PSCCH.
For example, , where  is the number of PRBs with PSCCH,  is the number of PRBs without PSCCH,  is the number of DM-RS REs per PRB with PSCCH, and  is the number of DM-RS REs per PRB without PSCCH. In this option, the number of REs is accurately calculated.
Option A2:  is the number of REs for DM-RS per PRB without PSCCH.
For example, let us assume that one sub-channel is composed of 10 PRBs. When a UE would use two sub-channels for a transmission, 10 PRBs include PSCCH and the other 10 PRBs do not. In case of three/four-symbol DM-RS, the 2nd 10 PRBs have more DM-RS REs than the 1st 10 PRBs. In this option,  is the number of REs for DM-RS per PRB of the 2nd 10 PRBs, i.e. less REs are assumed to be available for the transmission compared to the actually available REs.
Fig. 2 analyzes resource allocation flexibility. Let us take the parameter sets presented in Fig. 2 for example. The x-axis means the number of {no. of sub-channels, I_MCS, no. of DM-RS symbols} sets for a TBS. In other words, when this value is large for TBS#A, many sets of {no. of sub-channels, I_MCS, no. of DM-RS symbols} are available for (re)transmission(s) with TBS#A, i.e. high flexibility is provided. The y-axis shows the number of TBS values per each x value. If (x, y) = (1, 10), 10 TBS values can be transmitted with only one set of {no. of sub-channels, I_MCS, no. of DM-RS symbols}. Large y value with small x value is undesirable while large y value with large x value is welcomed.
Blue line shows the performance on option A1 and orange line on option A2. Achievable flexibility performance seems the same/quite similar according to this graph. As one of the reasons, it can be guessed that NR Rel-15 mechanism is optimized for resource allocation per PRB while resource allocation on NR-SL is performed per sub-channel. In NR-Uu case, fixed value leads to better flexibility.  can be fixed by usuing option A2, however, there seems no advantage on the TBS determination mechanism with resource allocation per sub-channel. Therefore, we prefer option A1 for TBS determination mechanism.
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(a) Example 1
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(b) Example 2
	Fig. 2: Analysis of resource allocation flexibility – no. of DM-RS REs
Observation 2:
· Regarding , FDM between PSCCH and DM-RS on PSSCH results in different number of DM-RS among PRBs.
· Strict calculation of the number of DM-RS on PSSCH provides better spectral efficiency while resource allocation flexibility is not degraded.

B: 
Currently, there is no RRC parameter for this parameter in NR-SL. When TBS is calculated for SL transmission, interpretation of  will be different among UEs. Some clarification is necessary for TBS determination. For the clarification, it is noted that PSCCH overhead always exists in NR-SL, which is different from NR-Uu. In consideration this aspect, the following options are raised:
Option B1:  is fixed value like 12.
Overhead of PSCCH is dependent on the number of sub-channels for a TX and the number is dependent on each data size. CSI-RS and PT-RS is dependent on (pre-)configuration, cast-type, etc. Option B1 seems not good choice.
Option B2:  is (pre-)configured from values with the same range, i.e. {0, 6, 12, 18}.
This option follows NR-Uu mechanism. However, as mentioned above, the value range is not enough for PSCCH overhead. For example, let us assume the scenario that most TX is performed with one sub-channel. In this case, PSCCH overhead per PRB is 24 for 2-symbol PSCCH or 36 for 3-symbol PSCCH. Target code rate is always significantly different from the actual target code rate. This option is undesirable one.
Option B3:  is (pre-)configured from values with wider range like {0, 6, 12, 18, 24, 36, 48}.
Based on the discussion for option B2, this option seems a considerable option for NR-SL. One concern is, when more than one service are assumed, e.g. one service is with periodic small packet and another is with aperiodic large packet, optimal  value is different between these services. Middle value can be selected with small degradation of spectral efficiency in this case.
Option B4:  is (pre-)configured from values with the same range and PSCCH overhead is explicitly subtracted, i.e.  does not include PSCCH overhead.
PSCCH is absolutely transmitted on a part of the selected resources. Therefore, explicit subtraction of this overhead is a feasible solution. The amount of PSCCH overhead is fixed in a (pre-)configuration set, that is, the explicit subtraction does not degrade resource allocation flexibility while better performance is achieved from resource efficiency perspective. Other overhead is remaining, which is considered by parameter . For better resource allocation flexibility and better spectral efficiency, we prefer this option for NR-SL.
Observation 3:
· Explicit subtraction of the PSCCH overhead from the number of available REs provides better spectral efficiency while resource allocation flexibility is not degraded.

C: 
TBS is calculated from parameter . If  is the number of the corresponding PSSCH symbols, the calculated TBS value would be different between two transmissions. For example, the same number of sub-channels is used for two transmissions, where one is transmitted on PSFCH slot and the other is on non-PSFCH slot. In this case,  values for the two transmissions are different. This difference leads to different TBS values. The two transmissions would be initial transmission and retransmission of a TB, but the difference makes the retransmission impossible. Although TX with different number of frequency-domain resources might provide the same TBS value, granularity of frequency-domain resources is not high due to resource allocation per sub-channel. At least, from the same number of sub-channels, the same TBS is not derived; resource allocation flexibility is clearly worse. One possible solution is, to calculate TBS 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.
Observation 4:
· For , resource allocation flexibility is degraded if the number of corresponding PSSCH symbols is used.

Proposal 1:
· For TBS determination, the mechanism in NR-Uu is reused with the following update:
·  is calculated from the ratio between PRBs with PSCCH and PRBs without PSCCH.
· PSCCH overhead is explicitly subtracted in the calculation of .
·  is (pre-)configured from {0, 6, 12, 18}.
·  is the number of PSSCH symbols in a PSFCH slot for the case of N = 2, 4.
· Apply the following TP:
	38.214
[bookmark: _Toc29673241][bookmark: _Toc29673382][bookmark: _Toc29674375]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 average REs allocated for PSSCH within a PRB  by 
-	, where  is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols L of PSSCH within a slot without PSFCH,  is the number of average REs for DM-RS per PRB in the allocated duration by  where  is the number of PRBs with PSCCH,  is the number of PRBs without PSCCH,  is the number of DM-RS REs per PRB with PSCCH, and  is the number of DM-RS REs per PRB without PSCCH, and  is the overhead configured by higher layer parameter xOverhead-SL. If the   is not configured (a value from 6, 12, or 18), the  is assumed to be 0.
-	A UE determines the total number of REs allocated for PSSCH  by  where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-4 as defined in Clause 5.1.3.2.




2.2. Cyclic shift on PSFCH
This discussion is the same as in our contribution for procedure agenda [4]. In the RAN1#99 meeting [1], the following working assumption was made for PSFCH resource determination.
	Working assumption:
· For the PSFCH candidate resource set with Z PRBs and Y cyclic shift pairs in each PRB,
· Each PSFCH resource is indexed in the manner of frequency first and cyclic shift second.
· FFS the order of cyclic shift indexing in a PRB.
· PSFCH resource with the index ((K+M) mod (Z*Y)) is used for PSFCH transmission of a RX UE.
· K is the L1 source ID of the associated PSCCH/PSSCH.
· M is 0 for unicast and groupcast feedback option 1 and M is the member ID of the RX UE for groupcast feedback option 2.
· FFS whether to have the following restriction. 
· Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB).
· Note: RAN1 assumes that the member ID M is an integer between 0 and X-1.


The working assumption is captured in 38.213 [5] as follows, where A) m_CS value for a pair and B) association between cyclic shift (CS) pair and the CS pair index are still FFS. It is noted that, CS value  is dependent on .
	[bookmark: _Toc29894885][bookmark: _Toc29899184][bookmark: _Toc29899602][bookmark: _Toc29917338]16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH transmission as  where  is a number of cyclic shift pairs for the resource pool and, based on an indication by higher layers,
-	 and the  PRBs are in one sub-channel 
-	 and the  are located in one or more sub-channels from the  sub-channels
The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. The PSFCH resources are first indexed according to an ascending order of the PRB index, from the  PRBs, and then according to an ascending order of the cyclic shift pair index from the  cyclic shift pairs.  
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a sequence associated with the resource pool [4, TS 38.211], as  where  is a physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.
A UE determines a  value, for computing a value of cyclic shift  [4, TS 38.211], from a cyclic shift pair of a PSFCH resource as in Table 16.6-1. 
Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	First cyclic shift
	Second cyclic shift





Regarding A), two CSs for ACK and NACK should be defined with the largest CS gap. PUCCH format 0 with one bit HARQ-ACK uses  for NACK and  for ACK as illustrated in Fig. 3. There is no reason to change the CS values, where the largest CS gap is provided. Therefore, we propose  for NACK and  for ACK in table 16.6-1.
For B), similarly, available CS pairs and each CS pair index should be defined with CS gap as large as possible. From this reason, discussions are provided per  value. Fig. 3 is related to these discussions.

In this case, only one CS pair is used; hence,  is sufficient. (CS pair index, ) is defined as (0, 0).

When two CS pairs are available, then the achievable maximum CS gap is three as illustrated in Fig. 3. The gap is provided by using . The order of the two CS pairs is not related to the performance. (CS pair index, ) can be defined as (0, 0) and (1, 3).

When three CS pairs are available, the achievable maximum CS gap is two as illustrated in Fig. 3. The gap is provided by using . As the previous case, the order of the three CS pairs is not related to the performance. (CS pair index, ) can be defined as (0, 0), (1, 2), (2, 4).

 was agreed in the RAN1#99 while  cannot provide CS pairs with equal gap. The reason of the candidate values for  was to make minimum CS gap selectable from 0, 1, 2, 3. In this sense,  is not reasonable. If possible,  should be dropped from NR-SL spec.

When six CS pairs are available, the achievable maximum CS gap is one as illustrated in Fig. 3. The gap is provided by using . It is noted that, the order of the six CS pairs is related to the performance. For example, a UE transmits one traffic with groupcast option 2. Three UEs are RX-UEs with , and they would report HARQ-ACK on PSFCH. The available number of PRBs for the report is one. In this case, the UEs use the adjacent CS pair indices, i.e. CS pair index = 0, 1, 2. To achieve the maximum CS gap for this case, (CS pair index, ) should be defined as (0, 0), (1, 3), (2, 1), (3, 4), (4, 2), (5, 5).
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(a)  for ACK and NACK
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(b)  and CS pair index
Fig. 3: CS list and indices for PSFCH
Observation 5:
· For , the order of the six CS pairs is related to the decoding performance.
· There seems no motivation to support  in NR-SL.
Proposal 2:
· On PSFCH transmission,  for NACK and  for ACK.
· Available CS pairs and index of each CS pair should be defined with CS gap as large as possible.
· Apply the following TP:
	38.213
16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH transmission as  where  is a number of cyclic shift pairs for the resource pool and, based on an indication by higher layers,
-	 and the  PRBs are in one sub-channel 
-	 and the  are located in one or more sub-channels from the  sub-channels
The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. The PSFCH resources are first indexed according to an ascending order of the PRB index, from the  PRBs, and then according to an ascending order of the cyclic shift pair index from the  cyclic shift pairs.  values used for the  cyclic shift pairs are indexed for each  value as in table X.
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a sequence associated with the resource pool [4, TS 38.211], as  where  is a physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.
A UE determines a values  and  value, for computing a value of cyclic shift  [4, TS 38.211], where  is determined from the PSFCH resource index and  is determined from a cyclic shift pair of a PSFCH resource as in Table 16.6-1. 
Table X: Indexing of cyclic shift pairs for PSFCH resources
	
	

	
	Index: 0
	1
	2
	3
	4
	5

	1
	0
	
	
	
	
	

	2
	0
	3
	
	
	
	

	3
	0
	2
	4
	
	
	

	6
	0
	3
	1
	4
	2
	5


Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	First cyclic shift 
	Second cyclic shift 



38.211
[bookmark: _Toc29230455]8.3.4.2	PSFCH format 0
[bookmark: _Toc11324487][bookmark: _Toc29230456]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 XXX of [5, TS 38.213];
-	 is given by clause XXX 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]




2.3. MCS table switching
Three MCS tables can be used in NR-SL, which was agreed in the RAN1#98bis meeting [6] as follows:
	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


From the three MCS tables, one table is (pre-)configured by mcs-Table-SL. One remaining issue 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. The same discussion can be provided for low-spectral efficiency 64QAM MCS table. The table is an optional feature as captured above.
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 according to RAN2 agreements, for two traffic types, two PC5-RRC connections can be setup on one UE-pair if needed.
Proposal 3:
· (Pre-)configured MCS table can be overwritten by PC5 RRC signaling.
· Apply the following TP:
	[bookmark: _Toc29673240][bookmark: _Toc29673381][bookmark: _Toc29674374]38.214
8.1.3.1	Modulation order and target code rate determination
IMCS is given by the “Modulation and coding scheme” field in SCI format 0-1.
The MCS table is determined as follows: one out of Table 5.1.3.1-1, Table 5.1.3.1-2, Table 5.1.3.1-3 according to higher layer parameter mcs-Table-SL in resource pool configuration [ or field [TBD] in the SCI or higher layer indication], where the higher layer indication is used if both are provided. 
The UE shall use IMCS and the MCS table determined according to the previous step to determine the modulation order (Qm) and Target code rate (R) used in the physical sidelink shared channel.




2.4. 2nd-stage SCI multiplexing on PSSCH
The details of 2nd-stage SCI mapping on PSSCH were agreed in RAN1#99 meeting [1] as below:
	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



The agreements were captured in 38.211 [3] as follows:
	[bookmark: _Toc11324544][bookmark: _Toc29230443]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.


In the above spec., 2nd-stage SCI is mapped from the first PSSCH symbol with DM-RS. However, the first mapping symbol for 2nd-stage SCI is not concluded yet. 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
This option is the same as the current specification. Decoding performance can be better than option 2 while latency performance is worse in case that the first DM-RS symbol is not located at the first PSSCH symbol.
Option 2: Mapped from the first PSSCH symbol, i.e. from the 2nd symbol (l = 1) within a slot.
Same mapping rule as SL data is applied in this option. Better latency performance can be achieved at the cost of decoding performance.
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 get the same result since the first DM-RS is mapped on the first PSSCH symbol. This is described in Fig. 4. Difference between option 1 and option 2 occurs only in the case of two-symbol DM-RS. For example as illustrated in Fig. 4, 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 decoding perspective, little advantage is assumed. Although option 1 provides better performance, more DM-RS symbol can be indicated in option 2 if the performance degradation is non-negligible. 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 latency perspective, in most cases, there seems no difference in latency performance. 2nd-stage SCI decoding can start only after completion of the associated PSSCH 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 starting 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 is mapped till e.g. the 7th symbol (l = 6) within a slot. In this case, the ending 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 seems not typical case.
Based on the above analysis, system can works well with either option. To avoid unnecessary spec. impact, we slightly prefer option 1, i.e. to keep the current specification description for 2nd-stage mapping rule.
[image: ]
(a) Three-symbol DM-RS
[image: ]
(b) Two-symbol DM-RS with three-symbol PSCCH
[bookmark: _GoBack]Fig. 4: 2nd-stage mapping rule
Observation 6:
· From the decoding performance perspective and the latency perspective, 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 4:
· 2nd-stage SCI is mapped from the first PSSCH symbol with DM-RS.
· No spec update is assumed.


2.5. PSSCH DM-RS pattern in frequency-domain
	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 [7], 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 5:
· DMRS configuration type 1 for NR Rel-15 PDSCH are reused for PSSCH DM-RS pattern in frequency-domain.


3. Conclusion
In this contribution, we discussed the remaining issues on SL physical layer structure. Proposals are summarized as following: 
Observation 1:
· For TBS determination in NR-SL, parameters , ,  should be defined clearly.
Observation 2:
· Regarding , FDM between PSCCH and DM-RS on PSSCH results in different number of DM-RS among PRBs.
· Strict calculation of the number of DM-RS on PSSCH provides better spectral efficiency while resource allocation flexibility is not degraded.
Observation 3:
· Explicit subtraction of the PSCCH overhead from the number of available REs provides better spectral efficiency while resource allocation flexibility is not degraded.
Observation 4:
· For , resource allocation flexibility is degraded if the number of corresponding PSSCH symbols is used.
Proposal 1:
· For TBS determination, the mechanism in NR-Uu is reused with the following update:
·  is calculated from the ratio between PRBs with PSCCH and PRBs without PSCCH.
· PSCCH overhead is explicitly subtracted in the calculation of .
·  is (pre-)configured from {0, 6, 12, 18}.
·  is the number of PSSCH symbols in a PSFCH slot for the case of N = 2, 4.
· Apply the following TP:
	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 average REs allocated for PSSCH within a PRB  by 
-	, where  is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols L of PSSCH within a slot without PSFCH,  is the number of average REs for DM-RS per PRB in the allocated duration by  where  is the number of PRBs with PSCCH,  is the number of PRBs without PSCCH,  is the number of DM-RS REs per PRB with PSCCH, and  is the number of DM-RS REs per PRB without PSCCH, and  is the overhead configured by higher layer parameter xOverhead-SL. If the   is not configured (a value from 6, 12, or 18), the  is assumed to be 0.
-	A UE determines the total number of REs allocated for PSSCH  by  where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-4 as defined in Clause 5.1.3.2.


Observation 5:
· For , the order of the six CS pairs is related to the decoding performance.
· There seems no motivation to support  in NR-SL.
Proposal 2:
· On PSFCH transmission,  for NACK and  for ACK.
· Available CS pairs and index of each CS pair should be defined with CS gap as large as possible.
· Apply the following TP:
	38.213
16.3	UE procedure for reporting HARQ-ACK on sidelink 
[…]
A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH transmission as  where  is a number of cyclic shift pairs for the resource pool and, based on an indication by higher layers,
-	 and the  PRBs are in one sub-channel 
-	 and the  are located in one or more sub-channels from the  sub-channels
The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. The PSFCH resources are first indexed according to an ascending order of the PRB index, from the  PRBs, and then according to an ascending order of the cyclic shift pair index from the  cyclic shift pairs.  values used for the  cyclic shift pairs are indexed for each  value as in table X.
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a sequence associated with the resource pool [4, TS 38.211], as  where  is a physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception,  is zero or  is the identity of the UE receiving the PSSCH as indicated by higher layers.
A UE determines a values  and  value, for computing a value of cyclic shift  [4, TS 38.211], where  is determined from the PSFCH resource index and  is determined from a cyclic shift pair of a PSFCH resource as in Table 16.6-1. 
Table X: Indexing of cyclic shift pairs for PSFCH resources
	
	

	
	Index: 0
	1
	2
	3
	4
	5

	1
	0
	
	
	
	
	

	2
	0
	3
	
	
	
	

	3
	0
	2
	4
	
	
	

	6
	0
	3
	1
	4
	2
	5


Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of a sequence for a PSFCH transmission
	HARQ-ACK Value
	0 (NACK)
	1 (ACK)

	Sequence cyclic shift
	First cyclic shift 
	Second cyclic shift 



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 XXX of [5, TS 38.213];
-	 is given by clause XXX 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]


Proposal 3:
· (Pre-)configured MCS table can be overwritten by PC5 RRC signaling.
· Apply the following TP:
	38.214
8.1.3.1	Modulation order and target code rate determination
IMCS is given by the “Modulation and coding scheme” field in SCI format 0-1.
The MCS table is determined as follows: one out of Table 5.1.3.1-1, Table 5.1.3.1-2, Table 5.1.3.1-3 according to higher layer parameter mcs-Table-SL in resource pool configuration [ or field [TBD] in the SCI or higher layer indication], where the higher layer indication is used if both are provided. 
The UE shall use IMCS and the MCS table determined according to the previous step to determine the modulation order (Qm) and Target code rate (R) used in the physical sidelink shared channel.


Observation 6:
· From the decoding performance perspective and the latency perspective, 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 4:
· 2nd-stage SCI is mapped from the first PSSCH symbol with DM-RS.
· No spec update is assumed.
Proposal 5:
· DMRS configuration type 1 for NR Rel-15 PDSCH are reused for PSSCH DM-RS pattern in frequency-domain.
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