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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#99, RAN1 completed the standardization work for NR V2X. Some details were left for the CR phase, with a list of open issues identified at RAN#86 [1]. 
[bookmark: _GoBack]In [1], eight issues were identified, and are shown in Table 1. In this contribution, we discuss each of these issues. In our view, the three most important ones are A1, A3, and A5 as the other issues should be non-controversial, and could even be left for the Editor to decide.
Table 1. Open issues for the sidelink physical structure.
	PHY
Layer
Structure
	A1
	TBS determination
	Depends on the outcome of RAN1 discussion

	
	A2
	Initialization of the scrambling sequence generators for 2nd stage SCI and data transmitted on PSSCH, 1st stage SCI transmitted on PSCCH, and sidelink master information transmitted on PSBCH
	No

	
	A3
	PSSCH DMRS pattern in frequency domain (whether to support either or both Type 1 and Type 2, details on multiplexing of different ports for PSSCH DMRS)
	Depends on the outcome of RAN1 discussion

	
	A4
	Cyclic shift determination for PSFCH sequence
	No

	
	A5
	Details on 2nd stage SCI format(s)
	No

	
	A6
	Frequency domain OCC design for PSCCH DMRS
	No

	
	A7
	Remaining details of time and frequency resource indication in 1st SCI
	No

	
	A8
	Details of ECP
	Depends on the outcome of RAN1 discussion



Discussion
TBS issue
For NR Uu, the TBS determination procedure is described in TS38.214, Section 5.1.3.2. The UE first determines the number of available REs, then the number of information bits. Based on the number of information bits, the UEs uses a lookup table or a formula to determine the TB size.
Generally, this procedure can be used for the sidelink as well. However, the determination of the number of available REs needs to be modified to account for the specificities of the sidelink. The procedure to determine the number of available REs for Uu is as follows:
1)	The UE shall first determine the number of REs (NRE) within the slot. 








[bookmark: _Hlk500489688][bookmark: _Hlk515619163]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1 or as described for format 1_0 in Subclause 5.1.6.2, and  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 0, 6, 12, or 18), the  is set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI,  is assumed to be 0.


-	A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE. 
For the sidelink, the following overhead needs to be included :
· 
AGC symbol: the first symbol cannot always be assumed to be decodable since it is used by the UE to set up the AGC. This can be accommodated by not accounting for the AGC symbol in 
· 
Guard time symbol: the last symbol of the subframe is not used for transmission, thus should be excluded from 
· 
DMRS overhead: for Uu, the DMRS overhead is accounted by substracting . The same procedure can be reused.
· CSI-RS: for Uu, is accounted for by substracting xOverhead. For the sidelink, the CSI-RS occupies only the allocated subchannels. The UE then knows how many REs are occupied by the CSI-RS and can subtract them from the total number of UEs.
· PTRS: can be handled in a similar way that CSI-RS
· PSCCH: the PSSCH occupies a number of symbols on one subchannel. . Unlike the PDCCH, if a UE receives a PSCCH on a subchannel, it is associated with the PSSCH on that subchannel, thus the UE can directly subtract the REs occupied by the PDCCH.
· Second stage SCI: the second stage SCI can be a significant overhead that needs to be accounted for. After decoding the first stage SCI, the UE knows the size of the second stage SCI, thus can subtract it when computing the number of available REs. 
· 
PSFCH: when the PSFCH is transmitted the symbols occupied by the PSFCH and the guard time before PSFCH transmission need to be accounted for. A simple way is to exclude them from .
Thus, we propose the following for the TBS determination:
Proposal 1:
· The Uu procedure for determining the TB size for PSSCH transmission is based on the Uu procedure described in Section 5.1.3.2 of TR38.214, with the following changes for the number of REs determination:
· 
The number of available symbols excludes the AGC symbol, guard time symbols and PSFCH symbols
· The REs occupied by SL-CSI-RS, PTRS, PSCCH and second stage SCI are subtracted 
Note that this proposal does not have an impact on RAN2 signaling since there is no need for an xOverhead equivalent. 
Initialization of the scrambling sequence generators
The scrambling sequence generation need to be figured out for the following:
· Data sent on the PSSCH
· Second stage SCI
· First stage SCI
· PSBCH
Given that the PSFCH is transmitted using sequences, there is no need to define a scrambling sequence.

Second stage SCI
The second stage SCI is to be decoded only be the receiving UEs. Thus, in order to provide more randomization, the scrambling seed should be specific to the receiving UEs. The same procedure as for the PSSCH data can be applied, and the second stage SCI scrambling sequence seed should be the L1 destination ID.
PSSCH
One physical layer open issue is the initialization of the seed for scrambling the shared channel.
In LTE, there was a generic formula defined in subclause 9.3.1 of 36.211 with a variable nID set according to transmission mode.

The scrambling sequence generator shall be initialised with  at the start of every PSSCH subframe where

-	for sidelink transmission modes 1 and 2,  is destination identity obtained from the sidelink control channel, and



-	for sidelink transmission modes 3 and 4,  with  and  given by clause 5.1.1 in [3] equals the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH.
For D2D, the destination identity is transmitted in the SCI. Thus, if a UE incorrectly received the SCI, it would not be able to decode the PSCCH correctly. For V2X, since the destination identity is not transmitted in the SCI, an alternative value, the CRC for the SCI, is used to set the variable nID. 
In NR, the second stage SCI contains the destination id as one of its fields. To remain consistent with LTE, the scrambling seed initialization should be based on the L1 destination ID.
First stage SCI
The first stage SCI needs to be decodable by all UEs. Therefore, the scrambling sequence must be known for all UEs. 
For LTE, the scrambling sequence generator was initialized with the value 510, as specified in TS36.212:


The block of bits , where  is the number of bits transmitted on the physical sidelink control channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall be initialised with  at the start of every PSCCH subframe.
Thus, to remain consistent with LTE, we propose to use the same scrambling seed initialization of 510.
PSBCH
Scrambling the PSBCH is important since it ensures that the PSBCHs of two different UEs with two different synchronization sequences do not interfere with each other. For LTE, the PSBCH is scrambled with the synchronization ID:



The block of bits , where  is the number of bits transmitted on the physical sidelink broadcast channel in one subframe, shall be scrambled according to clause 5.3.1. The scrambling sequence generator shall be initialised at the start of every PSBCH subframe with .
NR operates in a similar way than LTE: after acquiring synchronization (SL-PSS and SL-SSS), the UE knows the synchronization source ID. Thus, the PSBCH can be scrambled by the synchronization source ID.
Proposal 2: the following scrambling seeds sequences are used:
· For data sent on the PSSCH: L1 destination ID
· For the second stage SCI: L1 destination ID (applied separately of data transmitted on the PSSCH, per RAN1#98bis decision)
· For the first stage SCI: 510
· For the PSBCH: synchronization source ID

PSSCH pattern in frequency domain
At RAN1#97, the following working assumption was taken:
· 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

The two DMRS types are shown in Figure 2.
[image: ]
Figure 3. DMRS types
For Uu, both DMRS types are supported. Based on the RAN decision for reusing LTE or NR design, it is unclear why one type should be excluded. Type-1 DMRS is useful because it is dense in frequency, thus enables robust channel estimation. Type-2 DMRS is less dense in frequency, thus reduces RS overhead. Given that for vehicular communications, in some scenarios (e.g., highway), there is limited frequency selectivity, the use of type-2 DMRS is beneficial. Thus, we propose to confirm the working assumption without exclusion on which type is supported. Note that the current standard specifications are written with the assumption that the WA was confirmed.
In order to support the different DMRS types, some signaling is needed. This signaling could be either physical layer or higher layer signaling. Given that the need to switch from one type to another is not frequent, higher layer signaling is sufficient. In addition, the parameters to determine the frequency location are needed. For time domain, an RRC parameter, TimePatternPsschDmrs, was listed. A similar parameter, FrequencyPatternPsschDmrs, is needed. In addition, we suggest adding an indication of the CDM group used for the DMRS in the higher layer signaling so that the UE can rate-match or not the PSSCH around its DMRS. 

Proposal 3: 
· Confirm the WA of RAN1#97:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS
· Send an LS to RAN2 to inform them of the need to have an RRC parameter to configure the DMRS in frequency domain (analogous to TimePatternPsschDmrs) , the DMRS type used and the CDM used for the DMRS
Cyclic shift determination for PSFCH sequence
At RAN1#99, a working assumption was taken:
· 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.
In addition, the following was agreed:
· The number of cyclic shift pairs used for a PSFCH transmission (denoted by Y) that can be multiplexed in a PRB is (pre-)configured per resource pool among {1, 2, 3, 4, 6}.
From our perspective, the working assumption provides a good solution to allocate PSFCH to a UE. However, the ‘FFS’ needs to be addressed. From our perspective, with Y set to 6, and a number of PRBs of 50 (20MHz with 30kHz SCS), the maximum number of UEs in the group would be 300, which is large enough for practical limitations. Given that the limitation is unlikely to kick in, though, it is probably unnecessary to specify any hard limit in the standard. In the unlikely case that the number of group members is too high, this can be considered an error case.
Proposal 4: confirm the WA of RAN1#99 without the ‘FFS’:
· 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.
· 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.


Details on 2nd stage SCI format(s)
At RAN1#99, the fundamentals of the SCI design were finalized, and are captured in TS38.211. The second stage SCI format includes the following:
The following information is included in SCI format 0_2:
-	HARQ Process ID – [x] bits as defined in subclause x.x.x of [6, TS 38.214].
-	New data indicator – 1 bit as defined in subclause x.x.x of [6, TS 38.214].
-	Redundancy version – 2 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Source ID – 8 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Destination ID – 16 bits as defined in subclause x.x.x of [6, TS 38.214].
-	CSI request – 1 bit as defined in subclause x.x.x of [6, TS 38.214].
If the 2nd-stage SCI format field in the corresponding SCI format 0-1 indicates type 1 groupcast as defined in subclause x.x.x of [6, TS 38.214], the following fields are present:
-	Zone ID – [x] bits as defined in subclause x.x.x of [6, TS 38.214].
-	Communication range requirement – [4] bits as defined in subclause x.x.x of [6, TS 38.214]
RAN1 needs to decide on the values not yet defined. In addition, since the second stage SCI content has not been formalized by RAN1, it is valuable to discuss if additional fields need to be added.
For the HARQ process ID, it is worth noticing that it is defined for communication between a source ID and a destination ID. For instance, if a UE is involved in two different unicast links (with different destination IDs), it can use HARQ process ID #0 for both. Thus, the signaled number of HARQ process IDs can be small, and 2~3 bits should be enough. We suggest using 3 bits to ensure that a UE can transfer a large amount of data with aggressive use of HARQ. A better solution would be to have the field with a configurable length, just like it is done for URLLC. The benefit would be for case with not much data to transmit, like when NR used for BSM. A smaller number of bits could be used then. 
The number of bits for the zone ID needs to be defined as well. The major use case we see for the zone ID is an intersection. With a dense urban deployment, two zones should not overlap. We suggest using 5 bits. 
Proposal 5: For the second stage SCI:
· 3 bits are used to indicate the HARQ process ID
· 5 bits are used to indicate the Zone ID (if present)
Frequency domain OCC design for PSCCH DMRS
In order to limit the interference between PSCCH DMRS for different UEs, it was agreed to use some randomization on the DMRS sequence by applying an OCC on top of the DMRS.
Conditions where large interference between PSCCHs exist are rare: for mode-1, the network allocates resources, thereby limiting interference. For mode-2, the resource selection procedure with sensing ensures that two UEs using the same resource generally are far from each other. Thus, only a limited amount of randomization is needed. Using Hadamard codes of length 4 should be sufficient to mitigate any interference.
Proposal 6: A length-4 Hadamard code is applied as OCC on top of the PDCCH DMRS
Remaining details of time and frequency resource indication in 1st SCI
The time and frequency resource indication in the first SCI is as follows:
-	Frequency resource assignment – bits when the value of the higher layer parameter maxNumResource is configured to 2; otherwise  bits when the value of the higher layer parameter maxNumResource is configured to 3, as defined in subclause x.x.x of [6, TS 38.214].
-	Time resource assignment – 5 bits when the value of the higher layer parameter maxNumResource is configured to 2; otherwise 9 bits when the value of the higher layer parameter maxNumResource is configured to 3, as defined in subclause x.x.x of [6, TS 38.214].
The number of bits for each field was defined. What remains to be done is to map the field value to a particular resource. We suggest leaving it to the Editor to choose the resource mapping.
Details of ECP
The frame/slot structure is defined for both normal and extended CP in TS38.211. The reference signals for NR Uu were defined for both NCP and ECP and are mostly reused for the sidelink. Thus, any work, if any is limited, and the spec, as written, works for both ECP and NCP.
Conclusion
The remaining details for the physical layer structure of the sidelink were discussed. We propose the following:
Proposal 1:
· The Uu procedure for determining the TB size for PSSCH transmission is based on the Uu procedure described in Section 5.1.3.2 of TR38.214, with the following changes for the number of REs determination:
· 
The number of available symbols excludes the AGC symbol, guard time symbols and PSFCH symbols
· The REs occupied by SL-CSI-RS, PTRS, PSCCH and second stage SCI are subtracted 
Proposal 2: the following scrambling seeds sequences are used:
· For data sent on the PSSCH: L1 destination ID
· For the second stage SCI: L1 destination ID (applied separately of data transmitted on the PSSCH, per RAN1#98bis decision)
· For the first stage SCI: 510
· For the PSBCH: synchronization source ID
Proposal 3: 
· Confirm the WA of RAN1#97:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS
· Send an LS to RAN2 to inform them of the need to have an RRC parameter to configure the DMRS in frequency domain (analogous to TimePatternPsschDmrs) , the DMRS type used and the CDM used for the DMRS
Proposal 4: confirm the WA of RAN1#99 without the ‘FFS’:
· 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.
· 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.
Proposal 5: For the second stage SCI:
· 3 bits are used to indicate the HARQ process ID
· 5 bits are used to indicate the Zone ID (if present)
Proposal 6: A length-4 Hadamard code is applied as OCC on top of the PDCCH DMRS
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