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Introduction
This contribution is modification of R1-1908803. Our view on physical layer structure for sidelink in NR V2X is described. 
Discussion
Relation between SL BWP and Uu BWP
SL BWP and Uu BWP should be independently configured in a carrier of licensed band and the linkage should be decoupled to reduce the design complexity especially considering dynamic BWP switching for Uu operation. Following Rel.15 NR framework, only one activated BWP in certain slot in a carrier should be used, so activated SL BWP and activated Uu BWP are TDMed for a UE. The merit of such approach is simpler design. Simultaneous activated Uu BWP and SL BWP would reduce the latency for both sidelink and Uu, but it introduces many other problems at least half duplex, intra-band emission, PAPR/CM. In the end the system performance may be even worse considering these new problems. Because of TDMed operation, from the frequency perspective, there is no restriction that SL BWP is located within Uu BWP. 
Proposal 1:  Activated SL BWP and activated Uu BWP are TDMed in a carrier for a UE. 
Proposal 2:  SL BWP is not necessary to restrict SL BWP is always within Uu BWP. 

For TDD, at least SL BWP is configured to align with UL symbols. Whether SL BWP can be aligned with flexible symbols or DL symbols needs to be further discussed. One issue is flexible symbols may be indicated as DL symbols and it have collision with SL transmission in SL BWP. If SL BWP is aligned with all symbols in a slot, DL reception of Uu may be impacted due to half duplex and the handling is complicated. If SL BWP is only aligned with UL symbols in slot, DL symbols are not impacted. For mode 1, gNB could indicates usable symbols for SL. Then UL and flexible symbols could be used for SL. For mode 2, only UL symbols are used for SL to avoid half-duplex issue and usable symbols for SL should be (pre-)configured.  
Proposal 3:  In TDD, SL BWP is configured to align with UL symbols and flexible symbols for mode 1 and UL symbols only for mode 2.

Time domain granularity of resource pool configuration
For both dedicated SL carrier and licensed carrier, a slot is used for granularity of resource pool configuration. For licensed carrier in mode 2, as discussed in above, usable symbols in a slot would be additionally (pre-)configured. Tx UE can use SL usable symbols in a slot which configured for a resource pool. 
Proposal 4: For both dedicated SL carrier and licensed carrier, a slot is used for granularity of resource pool configuration.
Proposal 5: For licensed carrier in mode 2, usable symbols in a slot are additionally (pre-)configured. 

Whether a resource pool consists of contiguous PRBs or not
There are two options as below as agreed in RAN1#AH1901.
· Option 1. The resource pool always consists of contiguous PRBs.
· Option 2. The resource pool can consist of non-contiguous PRBs.
FL proposed follows in [6]
· Proposal for agreement
· Support (pre-)configuration of a resource pool consisting of contiguous PRBs
· Also, support configuration of a resource pool consisting of non-contiguous PRBs, where this configuration is provided by gNB/eNB only for sidelink operations in a licensed band
Our view is continuous PRBs for both unlicensed band and licensed band is sufficient. If licensed band needs to support a resource pool consisting of non-contiguous PRBs, we would like to avoid additional complexity for the sensing procedure for resource allocation mode 2. As the transmission of PSSCH is contiguous PRBs only, if there is non-contiguous PRBs as a resource pool, sensing procedure needs to care where is the non-contiguous PRB boundary. In resource allocation mode 1, these can be handled by gNB. Therefore, we would like to limit it for resource allocation mode 1 only.
Proposal 6: The resource pool always consists of contiguous PRB. If the resource pool of non-contiguous PRB needs to be supported, it should be only in the resource allocation mode 1 to avoid the special handling in sensing procedure in resource allocation mode 2.

PSCCH and PSSCH multiplexing
We propose following usage of option 3.
- In order to keep RB configuration or total transmit power constant, within a transmission including the symbol containing both PSCCH and PSSCH, PSD is constant over all REs. 
- PSCCH is rank 1 transmission. As described in [1][2], to transmit only from single antennas connector requires the change of the power. Therefore, rank 1 with 2 port transmission as Tx diversity should be used. For the number of antennas, 2 and 4 antennas are supported according to WI [3]. In case of two antennas, each antenna is mapped to one port. In case of four antennas, the antennas are virtualized to 2 ports. If more antennas are supported, it can be realized in a same way based on implementation. PSSCH transmission in 4 antennas is also realized as virtualization to 2 ports.
Therefore, we propose following.
Proposal 7: To support option 3 in Rel.16. 
Proposal 8: PSCCH is rank 1 with two ports transmission (Tx diversity) or 1 port with virtualization.
Proposal 9: For PSSCH, based on different rank situation or number of antennas as well as agreements in WID, we propose following,
· Rank 1 is same implementation as PSCCH rank 1.
· Rank 2 based transmission is based on 2 ports. 
· Four Tx antennas are virtualized to 2 ports based on up to the implementation.

DMRS pattern for PSSCH
For Frequency domain of DMRS pattern, following is working assumption.
	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


The reason of type 2 supports is to maximize the number of orthogonal DMRS ports. For sidelink operation, even if larger number of orthogonal ports is specified, it cannot be used well especially for resource allocation mode 2. Therefore, our view is only DMRS configuration type 1 is sufficient. If both DMRS configuration type 1 and type 2 needs to be supported, which DMRS configuration type is used is (pre-)configured for a resource pool.
Proposal 10: DMRS configuration type 1 only is supported for PSSCH. If both DMRS configuration type 1 and type 2 needs to be supported, it is (pre-)configuration.
For time domain of DMRS pattern, following was agreed.
	Agreements:
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 


Although it was agreed "(Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool", we would like to clarify it is per Rx resource pool specific. The reason is only part of Rx resource pool can be Tx pool for certain type of UE. If this configuration is Tx resource pool specific, how to interpret the indication bit of DMRS pattern needs to know where is Tx resource pool. If Tx pools are overlapped among different type of UEs, the Rx UE needs to have blind detection of DMRS pattern. Therefore, we propose to clarify PSSCH DMRS pattern(s) are Rx resource pool specific. As if DMRS pattern(s) are Rx resource pool specific is agreed, if only one (pre-) configured DMRS pattern, all PSCCH for this resource pool does not require the indication bit for PSSCH DMRS pattern(s). Therefore, the indication bit can be removed.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 11: (Pre-)configuration of PSSCH DMRS pattern(s) in time domain is per a Rx resource pool and not per Tx resource pool. In case one (pre)configured DMRS pattern, the indication bit in PSCCH is not required.

First stage SCI design
[bookmark: _GoBack]2 stage SCI and 1st SCI is carried in PSCCH were agreed. CORESET/Search space needs to define location of PSCCH in order to reuse NR Uu specification. As the aim of 2 stage SCI is to reduce the number of blind decoding, only one blind decoding per sub-channel is supported. This means almost equal to no search space. The search space configuration includes the aggregation level, this aspect needs to be (pre-)configuration. The CORESET configuration includes the symbol length needs to be (pre-)configured. These (pre-)configurations take the coverage requirement into account.
Proposal 12: Only one blind decoding per a sub-channel. Only one CORESET per sub-channel.
Proposal 13: CORESET configuration including the symbol length and search space configuration including aggregation levels are (pre-)configured per Rx resource pool. This is common to all sub-channels in a resource pool.

Second stage SCI design
Our view is 2nd stage is sent as same as UCI mapping for PUSCH. This reduce the standardization effort and commonality with NR. UCI mapping for PUSCH has following properties and we propose to reuse them.
· Mapped to distributed REs across PSSCH allocated RBs.
· UCI are mapped to all layers of the TB on PSSCH.
· Mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PSSCH.
· To avoid the puncturing PT-RS.
· PSSCH is rate matched around 2nd SCI.
· Modulation order is same as PSSCH
On the 2nd SCI size in PSSCH, we propose to reuse the method used in HARQ-ACK bits for UCI mapping for PUSCH (defined subclause 6.3.2.4.1.1 of 38.212) for the simplicity except beta offset table is used from CSI because HARQ-ACK is repetition coding and CSI is Polar coding. The exact proposal is following. 
The number of coded modulation symbols per layer for 2nd SCI transmission, denoted as , is determined as follows:

where
-	is the number of 2nd SCI payload indicated by 1st SCI;
-	 is the number of CRC bits;
-	 is (pre-)configured value of beta_offset values. Table9.3-2 in TS38.213 for CSI is reused;
-	 is the scheduled bandwidth of the PSSCH transmission, expressed as a number of subcarriers;

-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PSSCH transmission;

-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for, in the PSSCH transmission and  is the total number of OFDM symbols of the PSSCH, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PSSCH,;
-	for any OFDM symbol that does not carry DMRS of the PSSCH,  
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PSSCH, after the first DMRS symbol(s), in the PSSCH transmission;
-	 is the code rate of the data part of PSSCH;
-	 is the modulation order of the PSSCH;
-	 is (pre)configured value.
Proposal 14: 2nd SCI design is same as UCI mapping on PUSCH. It means following properties.
· Mapped to distributed REs across PSSCH allocated RBs.
· UCI are mapped to all layers of the TB on PSSCH.
· Mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PSSCH.
· To avoid the puncturing PT-RS.
· PSSCH is rate matched around 2nd SCI.
· Modulation order is same as PSSCH
Proposal 15: 2nd SCI size in PSSCH is determined as following. Similar to HARQ-ACK as UCI on PUSCH except beta offset table is for CSI on UCI.

where
-	is the number of 2nd SCI payload indicated by 1st SCI;
-	 is the number of CRC bits;
-	 is (pre-)configured value of beta_offset values. Table9.3-2 in TS38.213 for CSI is reused;
-	 is the scheduled bandwidth of the PSSCH transmission, expressed as a number of subcarriers;

-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PSSCH transmission;

-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for, in the PSSCH transmission and  is the total number of OFDM symbols of the PSSCH, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PSSCH,;
-	for any OFDM symbol that does not carry DMRS of the PSSCH,  
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PSSCH, after the first DMRS symbol(s), in the PSSCH transmission;
-	 is the code rate of the data part of PSSCH;
-	 is the modulation order of the PSSCH;
-	 is (pre)configured value.

SCI contents
The 1st SCI is to carry information related to demodulation and common information for broadcast/groupcast/unicast. The 2nd SCI is to carry the information specific to group or unicast. For broadcast, HARQ process ID and RV are not necessary. The RV can be obtained by retransmission index and the RV pattern could be (pre-)configured for a resource pool. For broadcast, not to have NDI is possible if transmission/retransmission is allowed only specific slot index to save SCI size. On the other hand, to have NDI also in broadcast has more flexibility on the number of retransmission. In [4], we propose 1 bit to distinguish between 1) initial transmission and retransmission are the indicated frequency resource allocation or 2) initial transmission is single subchannel and the retransmission is the indicated frequency resource allocation. We also propose as the time domain signaling mechanism between 1st/2nd reservation and 3rd/4th reservation, 1 bit in SCI indicates to reuse between 1) "the resource reservation field" or 2) "time gap between initial transmission and retransmission" in LTE-V2X.
More details on field information are shown in table 1and table 2

Table 1 First SCI of two step SCI
	1st SCI
(Taking SCI format 1 in LTE as reference)
	Size of 1st SCI

	Priority
	Same as LTE 

	Resource reservation
	Same as LTE 

	Frequency resource location 
	Same as LTE 

	Flag to distinguish between 1) initial transmission and retransmission are the frequency resource allocation or 2) initial transmission is single subchannel and the retransmission is the frequency resource allocation.
	1 bit

	Time gap between initial transmission and retransmission
	Same as LTE 

	Modulation and coding scheme 
	5 bits MCS index table 2 for PUSCH (for MCS-C-RNTI) is reused. 

	Retransmission index 
	Same as LTE 

	Transmission format
	Same as LTE 

	Reserved information bits
	Same as LTE 

	Time domain DMRS pattern
	0, 1, or 2 bits 

	Joint encoding on indicating "whether to receive 2nd SCI or not" and "what is 2nd SCI payload size"
	3  bits
Unicast and groupcast are distinguished by Destination ID/Source ID in 2nd SCI

	Flag for interval of 1st/2nd reservation and 3rd/4th reservation
	1 bit

	CRC
	24 bits as used in NR PDCCH



Table 2 Second SCI of two step SCI
	2nd SCI
(Taking DCI format 0_1 in NR as reference)
	Size of 2nd SCI
	Comment on 2nd SCI

	HARQ ID
	2-4 bits
	Depending on supported number of HARQ process 

	RV
	0 bits
	 Obtained from retransmission index.

	NDI
 
	1 bit
	

	Destination ID
	8 bits
	Less than L2 ID by hash function

	Source ID
	8 bits
	Less than L2 ID by hash function

	CSI request 
	1 bit
	Independent resource allocation between CSI request and CSI report

	CRC 
	11 bits
	Same as UCI Polar coding, i.e. if payload except CRC is >12 and <=19, 6 bits. If >=20, 11 bits. 




PSFCH format
[bookmark: _Hlk16588648]In RAN1#97, a sequence-based PSFCH format with one symbol (not including AGC training period) is agreed. We don’t see the need to support multiple PSFCH formats since the coverage for unicast/groupcast could be closer area than broadcast. 
Proposal 16: only a sequence-based PSFCH format with one symbol is supported.

CSI request procedure
Our thinking on CSI request procedure is shown in Figure 1, where there are 5 steps: 
Step 1) From UE A, PSCCH/PSSCH are transmitted and CSI-RS is confined within PSSCH. In PSCCH, 1 bit CSI request is indicated in SCI. 
Step 2) UE B measures CSI from CSI-RS transmitted by UE A and selects the resource of PSCCH/PSSCH for CSI report. 
Step 3) From UE B, PSCCH/PSSCH are transmitted with CSI report. 
Step 4) UE A does link adaptation and resource selection of PSCCH/PSSCH. 
Step 5) UE A transmits PSCCH/PSSCH. 
For sidelink CSI-RS design, to reuse NR Uu CSI-RS is baseline. Here the resource selection among step 1, step 3 and step 5 is independent.  Based on above we propose
Proposal 17: Resource selection of PSCCH/PSSCH is independent between CSI request and CSI report.


Figure 1 CSI request procedure

Conclusion
In this contribution we discussed physical layer structure for sidelink in NR V2X and followings are proposed, 
Proposal 1: Activated SL BWP and activated Uu BWP are TDMed in a carrier for a UE. 
Proposal 2: SL BWP is not necessary to restrict SL BWP is always within Uu BWP. 
Proposal 3:  In TDD, SL BWP is configured to align with UL symbols and flexible symbols for mode 1 and UL symbols only for mode 2.
Proposal 4: For both dedicated SL carrier and licensed carrier, a slot is used for granularity of resource pool configuration.
Proposal 5: For licensed carrier in mode 2, usable symbols in a slot are additionally (pre-)configured. 
Proposal 6: The resource pool always consists of contiguous PRB. If the resource pool of non-contiguous PRB needs to be supported, it should be only in the resource allocation mode 1 to avoid the special handling in sensing procedure in resource allocation mode 2.
Proposal 7: To support option 3 in Rel.16. 
Proposal 8: PSCCH is rank 1 with two ports transmission (Tx diversity) or 1 port with virtualization.
Proposal 9: For PSSCH, based on different rank situation or number of antennas as well as agreements in WID, we propose following,
· Rank 1 is same implementation as PSCCH rank 1.
· Rank 2 based transmission is based on 2 ports. 
· Four Tx antennas are virtualized to 2 ports based on up to the implementation.
Proposal 10: DMRS configuration type 1 only is supported for PSSCH. If both DMRS configuration type 1 and type 2 needs to be supported, it is (pre-)configuration.
Proposal 11: (Pre-)configuration of PSSCH DMRS pattern(s) in time domain is per a Rx resource pool and not per Tx resource pool. In case one (pre)configured DMRS pattern, the indication bit in PSCCH is not required.
Proposal 12: Only one blind decoding per a sub-channel. Only one CORESET per sub-channel.
Proposal 13: CORESET configuration including the symbol length and search space configuration including aggregation levels are (pre-)configured per Rx resource pool. This is common to all sub-channels in a resource pool.
Proposal 14: 2nd SCI design is same as UCI mapping on PUSCH. It means following properties.
· Mapped to distributed REs across PSSCH allocated RBs.
· UCI are mapped to all layers of the TB on PSSCH.
· Mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PSSCH.
· To avoid the puncturing PT-RS.
· PSSCH is rate matched around 2nd SCI.
· Modulation order is same as PSSCH

Proposal 15: 2nd SCI size in PSSCH is determined as following. Similar to HARQ-ACK as UCI on PUSCH except beta offset table is for CSI on UCI.

where
-	is the number of 2nd SCI payload indicated by 1st SCI;
-	 is the number of CRC bits;
-	 is (pre-)configured value of beta_offset values. Table9.3-2 in TS38.213 for CSI is reused;
-	 is the scheduled bandwidth of the PSSCH transmission, expressed as a number of subcarriers;

-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PSSCH transmission;

-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for, in the PSSCH transmission and  is the total number of OFDM symbols of the PSSCH, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PSSCH,;
-	for any OFDM symbol that does not carry DMRS of the PSSCH,  
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PSSCH, after the first DMRS symbol(s), in the PSSCH transmission;
-	 is the code rate of the data part of PSSCH;
-	 is the modulation order of the PSSCH;
-	 is (pre)configured value.

Proposal 16: only a sequence-based PSFCH format with one symbol is supported.
Proposal 17: Resource selection of PSCCH/PSSCH is independent between CSI request and CSI report.
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