Page 1

3GPP TSG RAN WG1 #99


R1-1913074
Reno, USA, November 18th – 22nd, 2019
Source:
            Xiaomi
Title:
Discussion on physical layer structure for 5G V2X
Agenda item:
7.2.4.1
Document for:
Discussion
1 Introduction

In RAN1#98bis meeting [1], much progress has been made on Physical layer structure design for 5G V2x. In this contribution, we discuss and present our views about remaining issues on physical layer structure design of NR V2x sidelink communications.
2 SCI content
2.1 Introduction
In the last meeting, 2-stage SCI has been agreed to support. In RAN1#97 meeting, the following conclusion is made:

Conclusion:

· If two-stage SCI is supported, the following details are used.

· Information related to channel sensing is carried on 1st-stage.

· 2nd-stage is decoded by using PSSCH DMRS.

· Polar coding used for PDCCH is applied to 2nd-stage

· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.

· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 

· FFS other details
The 1st stage SCI should be of fixed size, use fixed MCS, and be transmitted by PSCCH. The 2nd stage SCI should be of variable size, and multiplexed with data in PSSCH. The mechanism used for UCI multiplexing in PUSCH should be the baseline for multiplexing the 2nd stage SCI with data. 
Similar as UCI multiplexing, a sidelink “beta-offset” can be used to determine the number of REs used to convey the 2nd stage SCI. 

Proposal 1: UCI multiplexing is the baseline for 2nd stage SCI multiplexing with the sidelink data

· A sidelink beta-offset is used to determine the number of REs used to convey the 2nd stage SCI.

2.2 1st stage SCI
All the information related to UE sensing should be included in the 1st stage SCI. the 1st stage SCI should be the same for unicast, groupcast, and broadcast. The 1st stage SCI should be of fixed size, use fixed MCS, and be transmitted by PSCCH.  In Table I, the information fields that should be included in the 1st stage SCI are summarized.
Table 1: Information fields in the 1st stage SCI
	Fields 
	Num. of bits
	Comments

	Priority
	3 bits
	QoS priority information

	Source ID
	8 bits 
	To identify different UEs reserving the same resource

	PSSCH MCS
	5 bits
	PSSCH MCS value

	DMRS pattern
	~ bits
	Depends on the number of (pre)-configured DMRS patterns 

	2nd stage SCI format
	2 bits
	For unicast, groupcast (with feedback option 1), groupcast (with feedback option 2) and broadcast;

	2nd stage SCI beta_offset indicator 
	2 bits
	Used to calculate the number of REs to be used for 2nd SCI transmission

	Frequency domain resource assignment for current Tx
	~ bits
	The frequency resource assigned for current PSCCH and associated PSSCH transmission. Number of bits determined by the number of sub-channels in the resource pool.

	Time-frequency resource for reserved future Tx(s) and/or previous Tx(s) 
	~ bits
	To indicate the time-frequency position of reserved resource, the exact number of bits is FFS 

	Transmission Mode
	2 bits
	PSSCH transmission mode

	CRC
	24 bits
	


Although for unicast/groupcast the source ID can be used for HARQ combining, the source ID should be included in the 1st stage of SCI. UEs do sensing can use the source ID to identify if there are different UEs reserving the same or overlapping resource.
Proposal 2: the source ID should be included in the 1st stage SCI 

2.3 2nd stage SCI
Unicast, groupcast, and broadcast can have different size of 2nd stage SCI. In Table 2, the information fields that should be included in the 2nd stage SCI are summarized. 
Table 2: Information fields in the 2nd stage SCI
	Fields 
	Num. of bits
	Comments

	For broadcast

	NONE

	For Unicast

	Destination ID
	16 bits 
	To identify the destined PSSCH 

	HARQ process ID
	4 bits
	For HARQ combining

	NDI
	1 bit
	To identify the new data Tx or retransmission

	RV
	2 bits
	Redundancy Version

	CRC
	24 bits
	

	For groupcast

	Destination ID
	16 bits 
	To identify the destined PSSCH 

	HARQ process ID
	4 bits
	For HARQ combining

	NDI
	1 bit
	To identify the new data Tx or retransmission

	RV
	2 bits
	Redundancy Version

	Source location and range indication
	~ bits
	To identify the geographical distance from source to destination for HARQ feedback

	CRC
	24 bits
	


3 Sidelink Physical Channels

3.1 PSCCH

According to the general guidance from RAN plenary [2], sidelink design should try to reuse the existing functionality. The concept of CCE and REG is introduced in Rel-15 NR PDCCH structure, where each REG occupies 1 PRB in 1 symbol, and each CCE occupies 6 PRBs. REGs in multiple symbols can be bundled together. The same structure can be reused for PSCCH design. 

In Rel-15 NR PDCCH design, a PDCCH may occupy different number of CCEs with different aggregation levels. In addition, both interleaved and non-interleaved mapping are supported for CCE-to-REG mapping. However, for sidelink design, there may not exist a centralized coordinator to suitably allocate control channel resources for each UE. If multiple aggregation levels and interleaved mapping are supported, much complexity would be introduced to avoid potential PSCCH collision, and to align the frequency domain resource usage of PSCCH and its associated PSSCH. Considering the timeline of Rel-16 V2x, we propose:

Proposal 3: NR PDCCH structure is reused for PSCCH design.

· Only fixed aggregation level and non-distributed CCE-to-REG mapping is supported in Rel-16 V2x

3.2 PSFCH

In RAN1#98bis email discussion, it has been agreed that only 1 bit can be carried for the case of N=1, where N is the period of PSFCH if PSFCH resource is configured in a resource pool. It is still FFS whether more number of bits should be supported by a PSFCH if N=2 or N=4. Supporting 2 or 4 bits in a single PSFCH can help to solve the problem when multiple HARQ-ACKs of PSSCHs transmitted in different slots need to feedback simultaneously. However, the complexity will be increased and the reliability of PSFCH would be decreased, especially for groupcast HARQ-ACK feedback. Therefore, we propose:
Proposal 4: For the agreed sequence based PSFCH format, only 1 bit can be carried for the case of N=2 and N=4.

4 AGC
The 1st symbol of PSCCH/PSSCH transmission and the 1st symbol of PSFCH transmission should be used to protect from AGC impact. It should be decided on how the AGC symbol is designed. 

In LTE V2x the REs are mapped in a time-domain first way, so losing the 1st symbol of PSSCH will not have huge impact on the overall decoding performance. However, in NR V2x, if the RE mapping principle of NR Uu design is followed, the decoding performance of the 1st CB would be severely impact, especially when the Tx BW is large. Therefore, some new solution is needed.

For AGC protection of PSCCH/PSSCH transmission, a simple way is to map the same REs of the 1st symbol of PSCCH/PSSCH transmission on the 2nd symbol. Although the performance may not be optimal, the solution is preferred due to its simplicity. For AGC protection of the PSFCH, the same solution can be used, i.e. mapping the same sequence on the 1st symbol.

Proposal 5: For AGC protection of PSCCH/PSSCH transmission, the REs in 1st symbol of PSCCH/PSSCH transmission is the same as REs in the 2nd symbol.
Proposal 6: For AGC protection of the 1 symbol SN based PSFCH, map the same sequence in the same RB in the symbol before the PSFCH. 
5 Conclusions

In this contribution, we present our consideration about physical layer structure design of NR V2X. Based on the above analysis, proposals are concluded as following:
Proposal 1: UCI multiplexing is the baseline for 2nd stage SCI multiplexing with the sidelink data

· A sidelink beta-offset is used to determine the number of REs used to convey the 2nd stage SCI.

Proposal 2: the source ID should be included in the 1st stage SCI 

Proposal 3: NR PDCCH structure is reused for PSCCH design.

· Only fixed aggregation level and non-distributed CCE-to-REG mapping is supported in Rel-16 V2x

Proposal 4: For the agreed sequence based PSFCH format, only 1 bit can be carried for the case of N=2 and N=4.

Proposal 5: For AGC protection of PSCCH/PSSCH transmission, the REs in 1st symbol of PSCCH/PSSCH transmission is the same as REs in the 2nd symbol.
Proposal 6: For AGC protection of the 1 symbol SN based PSFCH, map the same sequence in the same RB in the symbol before the PSFCH. 
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