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1 Introduction

In RAN1#99 meeting [1], Rel-16 5G V2x work item has finished. However, there are still some remaining issues that RAN1 needs to make decision. In this contribution, some of the issues on physical layer structure are discussed and solutions are proposed.
2 SCI content
In Rel-16 5G V2x, 2-stage SCI has been agreed to support. In the previous meetings, the following information fields are agreed for the 1st stage SCI:

· 1st SCI includes at least 

· Priority (QoS value), 

· PSSCH resource assignment (frequency/time resource for PSSCH), 

· Resource reservation period (if enabled), 

· PSSCH DMRS pattern (if more than one patterns are (pre-)configured), 

· 2nd SCI format (e.g. information on the size of 2nd SCI), 

· [2]-bit information on amount of resources for 2nd SCI (e.g. beta offset or aggregation level) 

· Number of PSSCH DMRS port(s) 

· 5-bit MCS
For the 2nd SCI, we have the following working assumption:
· At least 4 bits are used in 2nd stage SCI to indicate communication range requirement.

· Candidates at least include

· {50, 80, 180, 200, 350, 400, 500, 700, 1000} meters

In addition, the following agreements and working assumption are made on SCI content:

· For the number of bits of L1 IDs,

· Layer-1 destination ID: 16 bits

· Layer-1 source ID: 8 bits

· For TX-RX distance-based HARQ feedback for groupcast Option 1,

· Zone ID associated with TE UE’s location is indicated by SCI.

·  (WA) For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,

· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.

· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.

2.1 2nd SCI content
Different cast type may have different 2nd SCI content, which is analysed as following.
2nd SCI for broadcast

Feedback based HARQ operation is not supported for PHY layer broadcast. However, repetition transmissions are still supported for broadcast. To distinguish the repetitions of a single TB and transmissions of different TBs from different UEs, the source ID should be included in the 2nd SCI. As the number of repetitions is not known by the receiving UE in advance, NDI can also be included to help the receiving UE to identify the end of repetition. RV can also be included to achieve better combining performance. On the other hand, we do not see the need to support parallel transmissions of multiple broadcast TBs when there is no HARQ feedback. A UE can start sending the next TB after the transmission(s) of the previous TB finish. Therefore, HARQ ID does not need to be included in 2nd SCI for broadcast.
2nd SCI for unicast
For unicast, both the source ID and the destination ID should be included in the 2nd SCI to identify the unicast link.  

HARQ-ACK feedback can be enabled or disabled for unicast: 
· If HARQ-ACK feedback is disabled, e.g. there is no PSFCH resource configuration in a sidelink resource pool, similar as for broadcast, only RV and NDI need to be included;

· If HARQ-ACK feedback is enabled, HARQ ID should be also included, so UE can transmit other TBs before the feedback of a TB is received. In addition, an indication of whether HARQ feedback is enabled or not for the current transmission should be included. 
2nd SCI for groupcast

For unicast, both the source ID and the destination ID should be included in the 2nd SCI.
HARQ-ACK feedback can be enabled or disabled for groupcast:

· If HARQ-ACK feedback is disabled, e.g. there is no PSFCH resource configuration in a sidelink resource pool, similar as for broadcast, only RV and NDI need to be included;

· If HARQ-ACK feedback is enabled, HARQ ID should be also included, so UE can transmit other TBs before the feedback of a TB is received. In addition, an indication of whether HARQ feedback is enabled or not for the current transmission should be included.
· If HARQ-ACK feedback option 1 is used, and Tx-Rx distance based HARQ-ACK feedback is enable, Zone-ID of source UE and communication range requirement should be included; 

· How to identify HARQ-ACK feedback option 1 and option 2 will be discussed in the next section.

In summary, the information fields that should be included in 2nd stage SCI are listed in Table I.
Table I: Information fields in the 2nd stage SCI
	Fields 
	Num. of bits
	Comments

	For broadcast

	Source ID
	8 bits
	To identify the source UE , for HARQ combining

	NDI
	1 bit
	To identify the new data Tx or retransmission

	RV
	2 bits
	Redundancy Version

	For Unicast

	Destination ID
	16 bits 
	To identify the destined PSSCH 

	Source ID
	8 bits
	To identify the source UE , for HARQ combining

	NDI
	1 bit
	To identify the new data Tx or retransmission

	RV
	2 bits
	Redundancy Version

	HARQ process ID
	4 bits
	If HARQ is enabled, for HARQ combining

	Feedback indication
	1 bit
	If HARQ is enabled, to indicate whether HARQ-ACK is needed

	CRC
	24 bits
	

	For groupcast 

	Destination ID
	16 bits 
	To identify the destined PSSCH 

	Source ID
	8 bits
	To identify the source UE, for HARQ combining

	NDI
	1 bit
	To identify the new data Tx or retransmission

	RV
	2 bits
	Redundancy Version

	HARQ process ID
	4 bits
	If HARQ is enabled, for HARQ combining

	Feedback indication
	1 bit
	If HARQ is enabled, to indicate whether HARQ-ACK is needed

	Source Zone ID
	~ bits
	If HARQ is enable, option 1 feedback is used, and Tx-Rx distance based feedback is enabled

	Range requirement
	4 bits
	If HARQ is enable, option 1 feedback is used, and Tx-Rx distance based feedback is enabled

	CRC
	24 bits
	


Proposal 1: The SCI content in Table I should be included in 2nd Stage SCI.

2.2 2nd SCI format
The 2nd SCI content would be different with different configurations:

· For a given resource pool, if HARQ-ACK is disabled, the content in the 2nd SCI formats are different for broadcast and other cast types, as destination ID is not needed for broadcast. 
· For a give resource pool, if HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is enabled, the content in the 2nd SCI formats would be different for the following three cases:

1) Broadcast;

2) Unicast and groupcast option 2, where destination ID, HARQ ID and feedback indication are additionally needed;

3) Groupcast option 1, where source Zone ID and range requirements are additionally needed;

· For a give resource pool, if HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is disabled, the content in the 2nd SCI formats would be different for the following two cases:

1) Broadcast;

2) Unicast, groupcast option 1 and option 2, where destination ID, HARQ ID and feedback indication are additionally needed;
Therefore, three 2nd SCI formats can be defined: 
· one for broadcast, 
· one for unicast, groupcast option 2 and groupcast option 1 when Tx-RX distance based feedback is disabled; 
· and the last one for groupcast option 1 when Tx-Rx distance based feedback is enabled. 
When HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is enabled, 2 bits are needed for the SCI format indication in 1st SCI. Groupcast feedback option 1 and option 2 can be distinguished by different 2nd SCI format. 

When HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is disabled, 1 bit is needed for the SCI format indication in 1st SCI. To distinguish feedback option 1 and option 2, 1 additional bit indication can be included in the 2nd SCI.  
Therefore, we propose:

Proposal 2: Three 2nd SCI formats are defined: 

· For broadcast, 

· For unicast, groupcast option 2 and groupcast option 1 with Tx-Rx distance based feedback disabled

· For groupcast option 1 with Tx-Rx distance based feedback enabled.
Proposal 3: 
· When HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is enabled, groupcast feedback option 1 and option 2 can be distinguished by different 2nd SCI format.

· When HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is disabled, groupcast feedback option 1 and option 2 can be distinguished by 1bit in 2nd SCI.

3 Conclusions

In this contribution, we discussed the remaining issues of physical layer structure design of NR V2X on SCI content. Based on the above discussion, proposals are concluded as following:
Proposal 1: The SCI content in Table I should be included in 2nd Stage SCI.

Proposal 2: Three 2nd SCI formats are defined: 

· For broadcast, 

· For unicast, groupcast option 2 and groupcast option 1 with Tx-Rx distance based feedback disabled

· For groupcast option 1 with Tx-Rx distance based feedback enabled.

Proposal 3: 
· When HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is enabled, groupcast feedback option 1 and option 2 can be distinguished by different 2nd SCI format.

· When HARQ-ACK is enabled, and Tx-Rx distance based HARQ-feedback is disabled, groupcast feedback option 1 and option 2 can be distinguished by 1bit in 2nd SCI.
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