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Introduction
It was declared that the WI for 5G V2X with NR sidelink was completed in RAN#86. However, there are still many issues to be resolved in current version of Rel-16 NR specifications [4]-[7]. In this contribution, we provide views on the remaining issues on sidelink physical layer structure. 

Issues
Sequence initialization
This issue is about determination of the value   for initialization of the sequence , separately applied to  PSCCH, PSBCH, PSSCH and the 2nd-stage SCI. Since there is no other information that can be used for PSCCH, the fixed value(s) can be used for initialization of the sequence. On the other hand, UE can obtain synchronization source ID (SLSS ID) after S-PSS/S-SSS detection and this information can be utilized for sequence initialization for PSBCH as discussed in our companion document [x].
Similar to LTE V2X, scrambling sequences for PSSCH and the 2nd-stage SCI can be separately initialized based on CRC of the corresponding 1st SCI.
[bookmark: _Ref32586929][bookmark: _Ref16861038]Proposal 1: For initialization of scrambling sequences,
· For PSBCH, synchronization source ID (SLSS ID) is used.
·  For PSCCH, the fixed value, e.g., 0, is used. 
· For PSSCH and the 2nd-stage SCI, the CRC of the corresponding 1st SCI is used separately. 

TBS determination
How to determine transport block size (TBS) for NR sidelink has not been discussed so far and it should be determined. 
In NR, TBS is determined based on the following procedure. 
· Calculate the approximate available number, , of REs for PDSCH and PUSCH.
· Calculate the intermediate number of bits,   
· Determine the final TBS value from 
The above procedure in NR Uu can be reused for NR sidelink as much as possible. One issue that can be considered is how to ensure indicating the same TBS between initial transmission and retransmission for sidelink data transmission. The number of symbols available for PSSCH within a slot can be variable depending on whether PSFCH symbols exist in the slot or not. So, when the numbers of symbols used for PSSCH between initial transmission and retransmission are different, the same TBS can be only indicated by using MCS index larger than 28 (for 64QAM MCS table). In this case, if the receiving vehicle misses the SCI corresponding to the initial transmission, it cannot decode the PSSCH for retransmission due to lack of knowledge on TBS. One way to resolve that issue is to use the reference values for , which does not depend on the actual number of REs.
[bookmark: _Ref32586935]Proposal 2: For determination of TBS for PSSCH, use the reference values for , which does not depend on the actual number of REs.

PSSCH DMRS pattern in frequency domain
In Appendix A, evaluation results for detailed patterns of PSSCH DMRS are provided, where PSSCH DMRS patterns are based on PDSCH DMRS type 1 and type 2. 
[image: ]
Figure 1. Frequency domain pattern types for Rel-15 NR PDSCH
It is shown that type-2 based PSSCH DMRS pattern much outperforms type-1 based PSSCH DMRS pattern due to low overhead of type-2 based DMRS for PSSCH than type-1 based. Since NR-V2X supports up to 2 layers, a DMRS structure with low overhead provides better performance. Similar to support of multiple PSSCH DMRS patterns in time domain, considering flexibility of sidelink, it would be beneficial that one of the DMRS patterns in frequency domain is (pre-)configured per resource pool. 
[bookmark: _Ref32586943]Proposal 3: One of the DMRS patterns in frequency domain is (pre-)configured per resource pool. 
Next, the remaining issue is about indicating PSSCH DMRS ports. The following aspects are need to be considered for designing DMRS port indication:
· The maximum number of orthogonal ports per UE in SU-MIMO
· The maximum number of orthogonal ports per UE in MU-MIMO
· DMRS Configuration type 1 or 2
· Indication of DMRS CDM group(s) 
At first, it was agreed that up to two orthogonal ports per UE is supported in SU-MIMO. In addition, MU-MIMO is not supported in Rel-16 NR sidelink. The DMRS configuration type can be (pre-)configured per resource pool according to Proposal 3. Lastly, we need to discuss about indicating DMRS CDM group(s). With dynamic signaling of DMRS CDM group(s), we can adjust the ratio of PSSCH EPRE to DMRS EPRE. Specifically, the ratio can be 0dB, -3dB, or -4,77dB for 1, 2, or 3 CDM group(s), respectively, In this regards, we propose Table 1 and Table 2 for DMRS type 1 and DMRS type 2, respectively.
Proposal 4: Adopt Table 1 and Table 2 to indicate PSSCH DMRS ports, respectively. 
Table 1: Antenna port(s), dmrs-Type=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	0,1

	2
	2
	0

	3
	2
	0,1



Table 2: Antenna port(s), dmrs-Type=2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	2
	0

	2
	3
	0

	3
	1
	0,1

	4
	2
	0,1

	5
	3
	0,1

	6-7
	Reserved
	Reserved




Details of the 2nd-stage SCI contents
One FFS issue is the length of CRC for the 2nd-stage SCI. In order not to change channel coding for control, 24 bit CRC should be used for the 2nd-stage SCI. The length of CRC may be related to how to decode the control data and its performance. 
[bookmark: _Ref32586948]Proposal 4: CRC length of the 2nd-stage SCI is 24 bits. 

One of the contents that should be included in the 2nd-stage SCI is the indication of HARQ option for groupcast. For groupcast HARQ feedback, Option 1 and Option 2 are supported and either one can be used. However, how to decide one of them was not concluded. We propose to include 1 bit indication in order to inform which groupcast HARQ option is used.
It was agreed in email discussion [98b-NR-20] that for groupcast HARQ feedback, SCI explicitly indicates Option 1 or Option 2 is to be used.  It was further discussed in RAN1#99 whether the SCI in the agreement means the 1st-stage SCI or the 2nd-stage SCI and the following agreements were made:
	Agreements:
· 2nd stage SCI format for groupcast HARQ feedback option 1 and option 2. To down-select during the week:
· Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
· SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
· Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
· 1st stage SCI indicates which format is used.




Design philosophy of two-stage SCI is that common information related to sensing is included in the 1st-stage SCI and remaining information is conveyed via the 2nd-stage SCI. It allows UEs to perform sensing operation efficiently regardless of cast type (i.e., unicast, groupcast and broadcast). So, it is not desirable to include 1-bit into the 1st-stage SCI for indicating groupcast HARQ feedback Option 1 or groupcast HARQ feedback Option 2 because it impacts coverage performance of the 1st-stage SCI.
[bookmark: _Ref32586950]Proposal 5: SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI. 

Frequency domain OCC design for PSCCH DMRS
The following was agreed via email discussion of [99-NR-07]. 
	Agreement 
· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool 
· Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE. 
· Note: there is no (pre-)configuration on the number of OCCs.



How many OCCs are applied was not decided. Considering trade-off complexity and performance, 3 OCCs seems reasonable value to support for V2X.
[bookmark: _Ref32586953]Proposal 6: For frequency-domain OCC for PSSCH DMRS, 3 OCCs are used. 


Time domain resource indication of PSSCH 
When SCI can allocate up to Nmax=3 resources for retransmission, it was agreed to use single bit field to indicate up to Nmax resources.  In order to reduce the number of bits, the following value can be used for time domain resource indication.

In the above equation, N denotes the actual number of resource indicated and Ti denotes i-th slot offset.  denotes the extended binomial coefficient. This requires the size of bit field of . For example,  is needed for W=32 and Nmax = 3. 
[bookmark: _Ref32586955]Proposal 7: Use a combinatorial index defined as  for time domain resource indication of PSSCH.

Frequency domain resource indication of PSSCH 
The issue is determining the encoding of the code-points of the “Frequency resource assignment” field of SCI Format 0-1. In RAN1#99, the following agreement has been reached.


Agreements:
· The first proposal under Wed. session in R1-1913450 is agreed, with one clarification that S is the number of sub-channels in the resource pool 

· For mode 1 and mode 2, for the time-frequency resource indication in the SCI: 
· NMAX = 2
· Frequency
·  code-points, indicating starting sub-channel of the second resource and number of sub-channels of both resources
·  bit
· Time
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource within 32 slots
· 5 bit
· NMAX = 3
· Frequency
· Option 2-f-a: joint coding
·  code-points indicating starting sub-channel of the second resource, starting sub-channel of the third resource, and the number of sub-channels of all resources
·  bit
· Time
· Option 2-t-a: joint coding
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource within 32 slots, when no third resource is reserved
· 30 + 29 +…+ 1 = 465 code-points indicate different time position of two resources within 32 slots
· 9 bit


There are two cases to consider for the “Frequency resource assignment”;
· , or   and the time domain field of the SCI indicates two reserved resources. In this case there are two values indicated by each code-point; number of sub-channels and starting sub-channel of the second resource. In this case, a method similar to the encoding of code points of the frequency resource allocation for uplink resource allocation type 1, as described in section 6.1.2.2.2 of 38.214, can be used.
·  and the time domain field of the SCI indicates three reserved resources. in this case there are three values indicated by each code-point;
· The number of sub-channels .  is in the range of , where  is the total number of sub-channels. For convince of notation, we define, ,
· The starting sub-channel of the second resource .  is in the range of .
· The starting sub-channel of the third resource .  is in the range of .
We present a proposal for encoding code-points of the “frequency resource assignment field” with , with three reserved resources. 
Figure 2 shows the arrangement of code points for , with three reserved resources. Where each block , can represent the code-points with length , and starting sub-channel position  for a second resource.  is in the range of .  is the total number of sub-channels. Each block  represents K code-points with the starting sub-channel resource of the third resource, , ranging from .
Therefore, each block , represents the code-points , where  is a code-point of length  sub-channels, and starting sub-channel position  for a second resource, and starting sub-channel position  for a third resource. Such that .


[bookmark: _Ref32260943]Figure 2: Example arrangement of code-points for Nmax = 3, with three reserved resources.
To generate the code-point values, the blocks of Figure 2 are re-arranged into rows (groups), with each row having  code-points. The code-points are then indexed sequentially in the new arrangement. Figure 3 shows an example of how this can be done for .


[bookmark: _Ref32261896]Figure 3: Example arrangement of code-points in groups of size (2S+1). In this example S =12.
Each row represents a group of  code-points. Here . Therefore, the group size is 25. Each group consists of three blocks that constitute the  code-points.  The groups are arranged in super-groups, with each super-group designated by  . There are   rows (groups). In this example, when , there are 26 rows (groups).
The algorithm starts by taking 2 blocks from the bottom part of Figure 2, and 1 block from the top part of Figure 2. The process continues iteratively moving towards the center of the diagram of Figure 2 until all blocks have been include in the diagram of Figure 3.
Super-group 1, consists of 1 row (1 group), containing the block of the top row of Figure 2, and 2 blocks from the bottom row of Figure 2. Notice in this case, when , the size of the group is 12+12+1 = 25.
Super-group 2, consists of 2 rows (2 groups), each containing a block of the second row of Figure 2 and each containing 2 blocks one from the last row and one from the second to last row of Figure 2. Notice in this case, when , the size of each group is 12+11+2 = 25.
Super-group 3, consists of 3 rows (3 groups), each containing a block of the second row of Figure 2 and two of the rows containing each a block of the last row of Figure 2, and a block of the third to last row of Figure 2, and a third row containing 2 blocks from the second to last row of Figure 2. Notice in this case, when , the size of each group is 12+10+3 = 25 or 11+11+3 = 25.
For each super group with index , there are  rows ( groups), each group  (with ) contains:
· 1 block from row  of Figure 2.
· 1 block from row  of Figure 2.
· 1 block from row  of Figure 2.
For super group with index , the procedure continues as described above creating groups with  code-points that have 3 blocks each. The number of rows (groups) per super group can be given by: . Each row  within the super group, with , contains:
· 1 block from row  of figure 1 if any are remaining.
· 1 block from row  if any are remaining.
· 1 block from row  if any are remaining.
Where 
The index of each code-point is given by its location in the new arrangement (e.g. Figure 3), where the index of the upper leftmost point is 0, and the index increments first in increasing order of column, then in increasing order of rows. Within each block, the code-points are arranged in increasing order of .
The following procedure describes how to determine the value of code-point based on the values of , , and , where .  is the total number of sub-channels. Define .


If  // For last block of each row


 // row id with in a super-group
Else if    // Last row (group) of an odd super-group
If  // First block of each row

Else // Second block of each row

End if

Else // All other rows (groups)
If  // First block of each row


Else // Second block of each row


End if
End if
If  // Row adjustment for super groups lager than S/2

If , then 

Else

End if


[bookmark: _Ref32586961]Proposal 8: For the determination of the code-points of the frequency resource assignment field with 2 reserved resources, use the frequency resource allocation method, based on RIV, for uplink resource allocation type 1, as described in section 6.1.2.2.2 of 38.214.
[bookmark: _Ref32586965]Proposal 9: For the determination of the code-points of the frequency resource assignment field with 3 reserved resources, organize the code-points in groups of size 2S+1, where S is the total number of sub-channels, as described in this section.

Conclusions
In this contribution, we provide our views on the physical layer structures for NR sidelink with the following proposals.
Proposal 1: For initialization of scrambling sequences,
· For PSBCH, synchronization source ID (SLSS ID) is used.
·  For PSCCH, the fixed value, e.g., 0, is used. 
· For PSSCH and the 2nd-stage SCI, the CRC of the corresponding 1st SCI is used separately. 

Proposal 2: For determination of TBS for PSSCH, use the reference values for , which does not depend on the actual number of REs.
Proposal 3: One of the DMRS patterns in frequency domain is (pre-)configured per resource pool..
Proposal 4: CRC length of the 2nd-stage SCI is 24 bits.
Proposal 5: SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
Proposal 6: For frequency-domain OCC for PSSCH DMRS, 3 OCCs are used.
Proposal 7: Use a combinatorial index defined as  for time domain resource indication of PSSCH.
Proposal 8: For the determination of the code-points of the frequency resource assignment field with 2 reserved resources, use the frequency resource allocation method, based on RIV, for uplink resource allocation type 1, as described in section 6.1.2.2.2 of 38.214.
Proposal 9: For the determination of the code-points of the frequency resource assignment field with 3 reserved resources, organize the code-points in groups of size 2S+1, where S is the total number of sub-channels, as described in this section.
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Appendix A. Evaluation results for PSSCH DMRS
Table 3 Evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6 GHz

	Subcarrier spacing
	15 kHz and 30 kHz

	Relative UE speed
	60 km/h, 120 km/h, 240 km/h, and 500 km/h

	Carrier frequency offset
	0 ppm

	Channel estimation
	Non-ideal (with genie-aided Doppler knowledge)

	Waveform
	CP-OFDM

	Data allocation
	•    6 PRBs
•    First 1 OFDM symbol for AGC and last one symbol for switching time, and remaining 12 OFDM symbols for data channel

	DMRS pattern
	•     Uu data channel DMRS type1 and type2 (single-symbol DMRS, one CDM group)
•     DMRS positions defined for PDSCH were reused (Section 7.4.1.1.2 in TS 38.211). Time domain DMRS symbols are placed within 14 symbol slot as
· DMRS position is (2,11) for 2 time instance of DMRS
· DMRS position is (2, 7, 11) for 3 time instance of DMRS
· DMRS position is (2, 5, 8, 11)for 4 time instance of DMRS

	Modulation order, Coding rate
	QPSK code rate ½

	Channel coding scheme
	LDPC 

	Number of Tx antennas
	1

	Number of Rx antennas
	1 

	Channel model
	CDL-based V2V channels in TR 37.885



· 
	[image: ]
(a) SCS=15 kHz
	[image: ]
(b) SCS=30 kHz


Figure 4. Throughput performance for PSSCH at UE speed of 60 km/h
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 5. Throughput performance for PSSCH at UE speed of 120 km/h
	[image: ]
(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 6. Throughput performance for PSSCH at UE speed of 240 km/h
[image: ]
Figure 7. Throughput performance for PSSCH at UE speed of 500 km/h (SCS=30 kHz)
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