Page 1
3GPP TSG RAN WG1 Meeting #101-E														        R1-2003733
e-Meeting, May 25th – June 5th, 2020

Source:	Intel Corporation
Title:	Solutions to remaining opens of physical structure for NR V2X sidelink design
Agenda item:	7.2.4.1
Document for:	Discussion and Decision
Introduction
In this contribution, we continue discussion on sidelink physical layer structure for NR V2X as a part of R16 maintenance work. Our views on other NR-V2X design aspects are summarized in our companion contributions [7]-[11]. 
PSCCH
1st Stage PSCCH content
Beta offset for 2nd Stage PSCCH
The beta offset of the 2nd stage PSCCH  should guarantee that the coverage of the 2nd stage PSCCH is better than the PSSCH. The main technical reason is that retransmissions of the PSSCH TB can be combined with one another, but different transmissions of the 2nd stage PSCCH cannot be combined. As the desired value range depends on the system design a subset of possible beta offset values should be part of the pool configuration. In each 1st stage PSCCH one of the (pre)-configured values is signaled. 

Proposal 1: 
· Allow the following (pre)-configured values for the beta offset of the 2nd stage PSCCH: {1.125, 1.25, 1.375, 1.625, 1.75, 2, 2.25, 2.5 2.875, 3.125, 3.5, 4, 5, 6.25, 8}

PSSCH DMRS configuration
Currently only different time density patterns are configured for the PSSCH DMRS. Due to the different length of the PSSCH, some of the configurations might not always be available. For example, time density of 4 symbols is only available for a 12 symbol PSSCH. Therefore, if only 9 symbols are available for PSSCH, but a time density of 4 is configured in the SCI, the interpretation is unclear.

Proposal 2: 
· PSSCH DMRS time density and its mapping to SCI 0-1 field is (pre)-configured per number of available SL symbols in a slot

1st Stage PSCCH scrambling
In order to avoid colliding transmissions using the same scrambling sequence of the 1st stage PSCCH, the scrambling of the 1st stage PSCCH must be initialized with the value that is dependent on the used OCC. This can be achieved by initializing the sequence generator with the following initial value:

where  is the OCC index used for the 1st stage PSCCH DMRS. As the used OCC value needs to be blindly detected it is known after the DMRS detection. 

Proposal 3: 
· Initialize the 1st stage SCI scrambling based on the OCC used for the 1st stage PSCCH DMRS 

1st Stage PSCCH DMRS OCC
With the currently agreed values for the 1st stage PSCCH allocation in frequency direction in combination with the allocation of 3 DMRS per OFDM symbol, for the OCC values 2 and 4 the total amount of available DMRS is not for all cases an integer multiple of the 2 or 4. As an implementation using OCC with remaining DMRS not having an orthogonal OCC would lead to non-orthogonal DMRS at one end of the allocated 1st stage PSCCH resource, only OCC 3 can be used. 

Proposal 4: 
· Use OCC 3 for PSCCH DMRS

In a unicast or groupcast scenario it is beneficial if the receiver knows the OCC in advance. This can be achieved if OCC is a function that is dependent on the transmitter ID or group ID and slot index. This needs to be agreed during the unicast/groupcast connection setup.

Proposal 5: 
· For unicast and groupcast communication, selection of OCC value is based on predefined function of the transmitter ID and slot index

As the 1st stage PSCCH DMRS need to be received by each device, the scrambling should be initialized with a static value a priory known to each device. 

Proposal 6: 
· Sidelink resource pool (pre)-configuration includes initialization seed used for the PSCCH DMRS generation

CRC Size for the 2nd Stage PSCCH
As we elaborated many times in previous contributions, there is no motivation for 24-bit size CRC for 2nd stage [13]. We still suggest reducing the size to 6 bits without any loss and bypass the D-CRC interleaver defined for 24-bit CRC.
Text proposal for Section 8.4.2 in [4] (38.212):
	CRC attachment is performed according to clause 7.3.2 except that scrambling is not performed and  and thus  is used in Clause 5.1.
Section 8.4.3 in [4] (38.212):
Chanel coding is performed according to clause 7.3.3 except .



Proposal 7: 
· Reduce the CRC length used for the 2nd stage PSCCH to 6 bits
· Bypass D-CRC interleaver for the 2nd stage PSCCH

2nd Stage PSCCH scrambling initialization
The scrambling sequence of the PSSCH as well as the 2nd stage PSCCH can be initialized with the following parameter:

where  is the slot number within a frame, and  equals the decimal representation of CRC on the 1st Stage PSCCH in the same slot associated with the PSSCH according to  with  and  given by clause 8.3.2 in [4] (38.212). 

Proposal 8: 
· Use the CRC bits of the 1st stage PSCCH in combination with the slot number within a frame to initialize the scrambling sequence for the 2nd stage PSCCH

2nd Stage PSCCH details
CSI-RS & 2nd Stage PSCCH 
The calculation of the 2nd stage PSCCH symbols in 8.4.4 of [4] (38.212) assumes that the presence of CSI-RS is known. As this information is transmitted in the 2nd stage PSCCH it cannot be assumed to be known for the calculation for the number of used symbols of the 2nd stage PSCCH. 
Reminder PRBs & 2nd Stage PSCCH
Reminder PRBs occur if the PRBs in a resource pool cannot be divided into equal size sub-channels. If these resources are included, the resulting REs used for the 2nd stage PSSCH depend on whether selected sub-channels have additional PRBs or not.
MCS, TBS, Number of layers & 2nd Stage PSCCH
The formula currently in place in TS 38.212 section 8.4.4 [4] is based on the UCI version. In contrast to the UCI on PUSCH, the 2nd stage PSCCH does not use the same number of spatial layers and modulation order. This means this also needs to be factored into this equation. Furthermore, if the 2nd stage SCI is taken into account for TBS determinations, there could be circular dependency between 2nd stage SCI resources and TBS.
The following formula addresses all the discussed issues. 

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. 
-	 number of spatial layers for the PSSCH
- 	 modulation order of the PSSCH
-	 nominal code rate of the PSSCH according to the used MCS
-	 is the maximum allowed spectral efficiency for the 2nd stage PSCCH
-	 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.

Identified issues must be resolved and therefore, we have following proposal:

Proposal 9: 
· For 2nd stage resource calculation, remove dependency on PSSCH TBS, add consideration on different modulation order between PSSCH and 2nd stage SCI, and different number of spatial layers, and update the formula as follows 

where
-	 is the payload size of the SCI format 2 
-	 is the number of CRC bits for SCI format 2, which is [xxx] bits. 
-	 is indicated in the corresponding SCI format 0-1. 
-	 number of spatial layers for the PSSCH
- 	 modulation order of the PSSCH
-	 nominal code rate of the PSSCH according to the used MCS
-	 is the maximum allowed spectral efficiency for the 2nd stage PSCCH
-	 is the number of otherwise vacant resource elements in the resource block to which the last coded symbol of the SCI format 2 belongs.

To generate the results in Figure 1, we need to make some assumptions on the not yet agreed TBS determination since the current 2nd stage PSCCH resource calculation depends on it. For this calculation we assumed that no PSFCH is configured, the sub-channel size is 10 PRBs, 3 symbols 1st stage PSCCH is configured, and that the TBS calculation does not take the presence of the 2nd stage PSSCH into account. As other solutions to the problems were also suggest we included the last version in [12] into the consideration. We further assumed that above a CR of 0.9 the polar code used for the 2nd stage PSCCH cannot properly decode. It is obvious that for high MCS the current version will dependent on the beta offset results in the allocation having a too high code rate. In addition, the solution in [12] does not solve all problems as it only considers about the code rate, thus at the modulation format switches the number of allocated resources is jumping. In contrast to the PSSCH, the 2nd stage PSCCH spectral efficiency is limited by its QPSK, single layer transmission. This should be reflected in the resource calculation.
[image: ]
[bookmark: _Ref37259278][bookmark: _Ref37259274]Figure 1: PSSCH and 2nd stage PSCCH for different resource calculation approaches.  

In [4] section 8.4.4, the number of allocated symbols  is defined. The number of allocated symbols are mapped to OFDM symbols directly adjacent to the ones that contain PSSCH DMRS, starting from the one with the lowest OFDM symbol index in a frequency first order. If all symbols directly adjacent to PSSCH DMRS are completely allocated with the 2nd stage PSCCH OFDM symbols with distance of 2 OFDM symbols are used in the same fashion. This procedure continues till all 2nd stage PSCCH symbols are allocated.

Proposal 10: 
· Map the 2nd stage PSCCH symbols first to OFDM symbols adjacent to OFDM symbols with PSSCH DMRS starting from the OFDM symbol fulfilling this criterion with the lowest index
· If after this procedure, there are still 2nd stage PSCCH symbols not mapped to REs, continue this procedure with OFDM symbols with a distance of 2 symbols to ones with PSSCH DMRS
· This procedure is continued until all 2nd stage PSCCH symbols are mapped

PSSCH
[bookmark: _Ref40449965]TBS determination
It was agreed that PSFCH overhead is accounted dynamically with help of SCI indication of the number of PSFCH symbols. Since we assume that 2nd stage SCI RE calculation is going to be made independent of the actual PSSCH TBS (i.e. the circular dependency is resolved), it is natural to put this overhead to the 2nd stage SCI.
For the case that the PSFCH is either present in every TTI (PSFCH period is 1) or not present at all, no special handling of the TBS determination regarding this aspect is required, thus SCI does not need to carry the unnecessary overhead in this case.

Proposal 11: 
· The number of PSFCH symbols for the purpose of TBS determination is signaled in 2nd stage SCI, and is present only when PSFCH resource periodicity is configured to 2 or 4
· The number of symbols is assumed to also accommodate the gap between PSSCH and PSFCH, if PSFCH is present

It was agreed to use the average number of REs used for PSSCH DMRS for the TBS calculation. This is clear for the case that PSFCH is always or never present. For the case of PSFCH periodicity > 1 this it is still unclear if the PSSCH DMRS REs are calculated for the case with or without PSFCH. We think that for PSFCH periodicity > 1 the DMRS are calculated as if the PSFCH is not present. 
Assuming the cross dependency of TBS determination and 2nd stage PSCCH resource determination is resolved the RE calculation in the TBS determination can be as follows:

where:
-	 is the number of allocated symbols for the PSSCH assuming no presence of PSFCH.
-	 is number of allocated subcarriers towards the PSSCH in OFDM symbol  
-	is the number of REs carrying PSSCH DMRS averaged across all higher layer configured time densities under the assumption that the PSFCH is not present for PSFCH periodicity = 0, 2 and 4, or that the PSFCH is present for PSFCH periodicity = 1. 
-	 is the number of REs used for 2nd stage PSCCH symbols.
- 	 is a per PRB overhead for PSFCH
-	If PSFCH is not configured then 
-	If PSFCH periodicity is configured to 1, then 
-	If PSFCH periodicity is configured to > 1, then , where   is the number of PSFCH symbols indicated in SCI for the purpose of TBS determination



-	 is a per PRB overhead value preconfigured by higher layers (sl-xOverhead).
- 	 is the number of PRBs allocated to the PSSCH.
Further proceed with step 2) of clause 5.1.3.2 in 38.214.

Proposal 12: 
· The 2nd stage PSCCH resource allocation is independent of TBS size
· Calculate the TBS with knowledge of the presence of the 2nd stage PSCCH allocation as follows:

where:
-	 is the number of allocated symbols for the PSSCH assuming no presence of PSFCH.
-	 is number of allocated subcarriers towards the PSSCH in OFDM symbol  
-	is the number of REs carrying PSSCH DMRS averaged across all higher layer configured time densities under the assumption that the PSFCH is not present for PSFCH periodicity = 0, 2 and 4, or that the PSFCH is present for PSFCH periodicity = 1. 
-	 is the number of REs used for 2nd stage PSCCH symbols.
- 	 is a per PRB overhead for PSFCH
-	If PSFCH is not configured then 
-	If PSFCH periodicity is configured to 1, then 
-	If PSFCH periodicity is configured to > 1, then , where   is the number of PSFCH symbols indicated in SCI for the purpose of TBS determination



-	 is a per PRB overhead value preconfigured by higher layers (sl-xOverhead).
- 	 is the number of PRBs allocated to the PSSCH.

Due to the other discussions regarding the sub-channel allocation it might be possible that sub-channels of possibly different size are allocated. To account for this in the case not all resource in the pool are allocated for the transmission of one TB, the minimum sub-channel size is considered for the TBS calculation. If all sub-channels are allocated the actual number of resources are used for the TBS determination. This enables higher peak throughput. 

Proposal 13: 
· If , sub-channel size number of PRBs multiplied by  is used as the bandwidth for TBS determination
· If , number of PRBs in the resource pool is used as the bandwidth for TBS determination

Regarding the allocation in terms of sub-channels and not PRBs, as well as the 1st stage PSCCH not being present in all sub-channels, we think that the number of available PSSCH RE calculation should be done in one step. 

Proposal 14: 
· The calculation of the number of PSSCH REs is performed per combined PRBs in the allocation, not per PRB

PSSCH scrambling
The PSSCH and the 2nd stage PSCCH are transmitted in the same resources based on the same DMRS. It is not necessary to have PSSCH having a different scrambling initialization compared to the PSSCH. 

Proposal 15: 
· Use the CRC bits of the 1st stage PSCCH in combination with the slot number within a frame to initialize the scrambling sequence for the PSSCH

CSI-RS
As the presence of the CSI-RS is signaled in the 2nd stage PSCCH, in case that CSI-RS would be allocated in the resource used for the 2nd stage PSCCH it is not possible to consider allocated CSI-RS for the 1st and 2nd stage PSCCH. In that sense, the last PSSCH symbol has the least probability for collision with 1st stage and 2nd stage PSCCH.

Proposal 16: 
· CSI-RS is mapped to the last PSSCH symbol not carrying DMRS
· CSI-RS is punctured by 1st or 2nd stage PSCCH 

Sidelink Pool Configuration and Spectrum Underutilization
In our opinion it is important that all PRBS available for sidelink transmissions are used. This is not only important from a competitiveness perspective, but also from the regulatory perspective. Not utilizing part of the spectrum can be used as an argument against NR V2X, and might also be problematic for regulatory approval. We think that this problem should not be solved by introducing very small sub-channel sizes as this as a detrimental effect on the 1st stage PSCCH coverage. 
As in all discussions the additional specification impact was raised as the major objecting argument, we again assessed it for the simplified solution of addition the remaining PRBs to the last sub-channel. We believe that this has only a minor impact on the TBS determination. As described in section 3.1 for the case that not all sub-channels additional PRBs are ignored for the TBS calculation. Only for the case that all sub-channels are allocated, all PRBs are used for the TBS calculation. This would increase the maximum data rate, while not having any additional standardization effort. We also want to highlight that in this case no changes in the SCI is necessary. There is also no impact on other specifications besides the ones in RAN1. 

Proposal 17: 
· Any number of PRBs can be configured for the size of a resource pool in Rel-16
· Replace the RRC parameter numSubchannel for the number of subchannels by the RRC parameter for the total number of PRBs of the resource pool 
· The number of subchannels is calculated by floor(total number of PRBs/ subchannel size)
· The 1st stage PSCCH and 2nd stage SCI mapping assume nominal number of PRBs per subchannel regardless of the actual allocation size
· Rel.-16 UEs can transmit in all PRBs

Other Topics
ECP
For the PSSCH DMRS configurations for all possible PSSCH length have been defined. Therefore, no additional time density DMRS need to be defined. 

Proposal 18: 
· For SL ECP reuse the NCP design
· PSSCH DMRS time density for ECP is the same as the NCP designs with the same number of PSSCH symbols

Conclusions
In this contribution, we provided our views on sidelink physical structure for NR V2X communication. In summary, we have following proposals:

Proposal 1: 
· Allow the following (pre)-configured values for the beta offset of the 2nd stage PSCCH: {1.125, 1.25, 1.375, 1.625, 1.75, 2, 2.25, 2.5 2.875, 3.125, 3.5, 4, 5, 6.25, 8}

Proposal 2: 
· PSSCH DMRS time density and its mapping to SCI 0-1 field is (pre)-configured per number of available SL symbols in a slot

Proposal 3: 
· Initialize the 1st stage SCI scrambling based on the OCC used for the 1st stage PSCCH DMRS 

Proposal 4: 
· Use OCC 3 for PSCCH DMRS

Proposal 5: 
· For unicast and groupcast communication, selection of OCC value is based on predefined function of the transmitter ID and slot index

Proposal 6: 
· Sidelink resource pool (pre)-configuration includes initialization seed used for the PSCCH DMRS generation

Proposal 7: 
· Reduce the CRC length used for the 2nd stage PSCCH to 6 bits
· Bypass D-CRC interleaver for the 2nd stage PSCCH

Proposal 8: 
· Use the CRC bits of the 1st stage PSCCH in combination with the slot number within a frame to initialize the scrambling sequence for the 2nd stage PSCCH

Proposal 9: 
· For 2nd stage resource calculation, remove dependency on PSSCH TBS, add consideration on different modulation order between PSSCH and 2nd stage SCI, and different number of spatial layers, and update the formula as follows 

where
-	 is the payload size of the SCI format 2 
-	 is the number of CRC bits for SCI format 2, which is [xxx] bits. 
-	 is indicated in the corresponding SCI format 0-1. 
-	 number of spatial layers for the PSSCH
- 	 modulation order of the PSSCH
-	 nominal code rate of the PSSCH according to the used MCS
-	 is the maximum allowed spectral efficiency for the 2nd stage PSCCH
-	 is the number of otherwise vacant resource elements in the resource block to which the last coded symbol of the SCI format 2 belongs

Proposal 10: 
· Map the 2nd stage PSCCH symbols first to OFDM symbols adjacent to OFDM symbols with PSSCH DMRS starting from the OFDM symbol fulfilling this criterion with the lowest index
· If after this procedure, there are still 2nd stage PSCCH symbols not mapped to REs, continue this procedure with OFDM symbols with a distance of 2 symbols to ones with PSSCH DMRS
· This procedure is continued until all 2nd stage PSCCH symbols are mapped

Proposal 11: 
· The number of PSFCH symbols for the purpose of TBS determination is signaled in 2nd stage SCI, and is present only when PSFCH resource periodicity is configured to 2 or 4
· The number of symbols is assumed to also accommodate the gap between PSSCH and PSFCH, if PSFCH is present

Proposal 12: 
· The 2nd stage PSCCH resource allocation is independent of TBS size
· Calculate the TBS with knowledge of the presence of the 2nd stage PSCCH allocation as follows:

where:
-	 is the number of allocated symbols for the PSSCH assuming no presence of PSFCH.
-	 is number of allocated subcarriers towards the PSSCH in OFDM symbol  
-	is the number of REs carrying PSSCH DMRS averaged across all higher layer configured time densities under the assumption that the PSFCH is not present for PSFCH periodicity = 0, 2 and 4, or that the PSFCH is present for PSFCH periodicity = 1. 
-	 is the number of REs used for 2nd stage PSCCH symbols.
- 	 is a per PRB overhead for PSFCH
-	If PSFCH is not configured then 
-	If PSFCH periodicity is configured to 1, then 
-	If PSFCH periodicity is configured to > 1, then , where   is the number of PSFCH symbols indicated in SCI for the purpose of TBS determination



-	 is a per PRB overhead value preconfigured by higher layers (sl-xOverhead).
- 	 is the number of PRBs allocated to the PSSCH.

Proposal 13: 
· If , sub-channel size number of PRBs multiplied by  is used as the bandwidth for TBS determination
· If , number of PRBs in the resource pool is used as the bandwidth for TBS determination

Proposal 14: 
· The calculation of the number of PSSCH REs is performed per combined PRBs in the allocation, not per PRB

Proposal 15: 
· Use the CRC bits of the 1st stage PSCCH in combination with the slot number within a frame to initialize the scrambling sequence for the PSSCH

Proposal 16: 
· CSI-RS is mapped to the last PSSCH symbol not carrying DMRS
· CSI-RS is punctured by 1st or 2nd stage PSCCH 

Proposal 17: 
· Any number of PRBs can be configured for the size of a resource pool in Rel-16
· Replace the RRC parameter numSubchannel for the number of subchannels by the RRC parameter for the total number of PRBs of the resource pool 
· The number of subchannels is calculated by floor(total number of PRBs/ subchannel size)
· The 1st stage PSCCH and 2nd stage SCI mapping assume nominal number of PRBs per subchannel regardless of the actual allocation size
· Rel.-16 UEs can transmit in all PRBs

Proposal 18: 
· For SL ECP reuse the NCP design
· PSSCH DMRS time density for ECP is the same as the NCP designs with the same number of PSSCH symbols
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