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Introduction
This contribution is modification of R1-1902201. It is the discussion on physical layer structure for sidelink in NR V2X, especially on two step SCI design. 
Discussion
Relation between SL BWP and Uu BWP
In our view 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, the baseline is only one activated BWP in certain slot in a carrier so activated SL BWP and activated Uu BWP are TDMed. The merit of such approach is simpler design but latency is increased due to BWP switching depending on the configuration. Simultaneous activated Uu BWP and SL BWP may reduce the latency for sidelink but it will introduce many other issues like half duplex, intra-band emission, PAPR and so on. In the end the system performance may be even worse considering these new problems. 
Proposal 1:  Baseline is activated SL BWP and activated Uu BWP are TDMed in a carrier. FFS FDMed SL BWP and Uu BWP are simultaneously activated in a carrier. 
Proposal 2:  SL BWP and Uu BWP are independently (pre)configured in a carrier of licensed band and not necessary to restrict SL BWP is always within Uu BWP. The network can configure two BWPs which do not cause or minimize BWP switching delay. UE is allowed to implement constant RF reception/transmission bandwidth over two BWPs. 

In FDD, following LTE V2X principle, SL BWP is configured in uplink carrier considering many potential collisions with DL traffics. In addition, if SL BWP is configured/activated in DL carrier while DL BWP is not activated, it may require UE to simultaneously transmit SL channels and UL channels, which increases UE’s implementation complexity and PAPR. To deactivate reception of DL BWP will also impact Uu performance considering DL will transmit many important system information like MIB, SIB and so on. Instead, the impact caused by deactivating UL transmissions is little less. 
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. Although the optimization to use flexible symbol is possible in future, for Rel.16, we propose to focus only UL symbols. 
Proposal 3:  In FDD, SL BWP is configured in uplink carrier while in TDD, SL BWP is configured to align with UL symbols.

PSCCH and PSSCH multiplexing
RAN4 discussed transient times [1] and sent a LS to RAN1[2]. WI for NR V2X [3] was agreed and following points were clarified, which are related to PSCCH/PSSCH multiplexing.
-  Multi-rank PSSCH transmission is supported up to two antenna ports.
- NR sidelink design starts with frequencies in FR1, and NR sidelink in FR2 is supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. No FR2 specific optimization is supported in this WI except PT-RS. No beam management is supported in this work.
- 2Rx antennas as well as 4Rx antennas are supported. The full range of speeds defined in SA1 (TS 22.186) needs to be supported in FR1.
In previous our contribution R1-1902201, we see the need of option 1B from following points.
- Flexibility of rank usage between PSSCH and PSCCH, 
- Power boosting for PSCCH
- Reduced blind decoding, 
- Reduced Tx dynamic range in the same PA operation point (total signal dynamic range is increased as the symbol containing PSCCH has different PA setting), 
- Reduced reception buffer, 
- No collision between PSCCH and PSSCH among different Tx UEs, 
- No separate resource usage indication of PSSCH in the symbol containing PSCCH, 
- Simplified sensing/resource selection, simplified channel estimation.
On the other hand, as based on WID Rel.16 will not have specific optimization on FR2, several motivations to support option 1B were relieved. We interpret this means Rel.16 is not required to support very wideband operation of sidelink bandwidth. To focus on only one multiplexing scheme in Rel.16 can reduce the standardization effort for NR sidelink design. Therefore, we would propose to focus on option 3 in Rel.16 assuming no support of very wideband operation. As we expect future option 1B usage would be different frequency band, no forward compatibility preparation would be required. 
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.
As the summary, we propose following.
Proposal 4: To support option 3 in Rel.16. 
Proposal 5: PSCCH is rank 1 with two ports transmission (Tx diversity) or 1 port with virtualization.
Proposal 6: 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 different implementation.

SCI Design
There are basically three alternatives on SCI design to support different cast traffics: two step SCI, single SCI and two SCIs with separate BD times. The detailed comparison among three alternatives are shown in Table 1. In our view, two step SCI can have better coverage especially for broadcast traffic while other two have some issues on coverage. 

In case of two step SCI, the first SCI of two stage SCI is designed as PSCCH and PSSCH multiplexing option 3. LTE V2X-like resource mapping with reduced time duration with PSSCH can be used for PSCCH as starting point. For second SCI of two stage SCI is transmitted like UCI encoded within PUSCH. The first SCI is designed to carry information related to demodulation and common information for broadcast/groupcast/unicast.  The second SCI is designed to carry the information specific to group or unicast. It has merit on reducing the size on first SCI. More details on field information are shown in table 2 and table 3 as an example, 

Table 1 Comparison among three alternatives on SCI design
	
	Two step SCI
	Single SCI (Padding to larger size)
	Two SCIs with separate BD sizes (one is for broadcast and another is for unicast/groupcast) 

	Coverage 
	Similar as LTE V2X (assuming same SCS)
	Bad due to large size
	For SCI for broadcast, similar as LTE V2X;
for SCI for unicast/groupcast, bad coverage due to large size 

	Commonality 
	Common design for all casts  
	Common design for all casts  
	Differentiated design for different cast 

	Spec Complexity 
	A little larger
	Small
	Middle



Table 2 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 of initial transmission and retransmission
	Same as LTE 

	Time gap between initial transmission and retransmission
	Same as LTE 

	Modulation and coding scheme 
	Same as LTE 

	Retransmission index 
	Same as LTE 

	Transmission format
	Same as LTE 

	Reserved information bits
	Same as LTE 

	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
	Fixed rule is possible

	NDI
 
	1 bit
	

	Precoding
	0 bit
	Assuming PSSCH and 2nd SCI share the same DMRS

	Antenna port
	0 bit
	Fixed rule

	CBGTI
	0-2 bits
	Reduced size is possible if supported

	PTRS-DMRS association
	0 bit
	Fixed rule

	DMRS sequence initialization
	0 bit
	Fixed rule

	Destination ID
	8 bits
	Less than L2 ID by harsh function

	Source ID
	0 bit
	Carried in MAC layer

	CRC 
	6 bits
	Assuming total size of 2nd SCI is within[12, 19] 



Proposal 7: Two-step SCI is supported for NR sidelink 

Resource pool definition for PSSCH
In previous meeting, for frequency domain resources of a resource pool for PSSCH, down select following options was agreed,
Option 1: The resource pool always consists of contiguous PRBs
Option 2: The resource pool can consist of non-contiguous PRBs
Our preference is option 1 which is adopted in LTE V2X seeing no obvious merit from option 2.
Proposal 8: The resource pool always consists of contiguous PRB.
Conclusion
In this contribution we discussed physical layer structure for sidelink in NR V2X and followings are proposed, 
Proposal 1:  Baseline is activated SL BWP and activated Uu BWP are TDMed in a carrier. FFS FDMed SL BWP and Uu BWP are simultaneously activated in a carrier. 
Proposal 2:  SL BWP and Uu BWP are independently (pre)configured in a carrier of licensed band and not necessary to restrict SL BWP is always within Uu BWP. The network can configure two BWPs which do not cause or minimize BWP switching delay. UE is allowed to implement constant RF reception/transmission bandwidth over two BWPs.
Proposal 3:  In FDD, SL BWP is configured in uplink carrier while in TDD, SL BWP is configured to align with UL symbols.
Proposal 4: To support option 3 in Rel.16. 
Proposal 5: PSCCH is rank 1 with two ports transmission (Tx diversity) or 1 port with virtualization.
Proposal 6: 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 port. 
Four Tx antennas are virtualized to 2 ports based on different implementation.
Proposal 7: Two-step SCI is supported for NR sidelink
Proposal 8: The resource pool always consists of contiguous PRB.
Reference
[bookmark: _GoBack][1] R4-1902511, WF on NR V2X UE RF parameters and transient period, LG Electronics
[2] R4-1902514, Reply LS on NR UE transient period in sidelink channels, 3GPP RAN WG4
[3] RP-190766, New WID on 5G V2X with NR sidelink, LG Electronics, Huawei

4

5
3GPP
