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Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]In RAN1 Ad-Hoc 1901, RAN1#96bis and RAN1#97 [1][2][3], the following agreements on SCI were achieved:
	Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)
Agreements:
· QPSK is used for PSCCH.
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
· Companies are encouraged to perform analysis (e.g., flexibility, complexity, forward compatibility, overhead, spec impact, latency, robustness, reliability, etc.)/evaluations with details of the SCI contents comparing single-stage vs. two-stage SCI. Aim to conclude in RAN1#98


In this contribution, we mainly discuss the issues on SCI contents design, and some evaluation results are provided.
Discussion
SCI contents
In contrast to LTE V2X, NR V2X supports different types of transmissions, such as unicast, groupcast and broadcast. The potential SCI contents for NR V2X can be categorized in Table 1.
Table 1: SCI contents for NR V2X
	SCI bit fields category
	SCI bit fields
	bit length
	Comments

	Cast type indicator
	L1-detination ID
	8
	Use for all the cast type

	HARQ combination related fields
	L1-source ID
	8
	Use for all the cast type.
According to [4], it is prefer to provide this field for all the cast type  for flexibility. 

	
	HARQ process ID
	4
	

	
	RV
	2
	

	
	NDI
	1
	

	Sensing related bit fields
	Resource reservation fields
· Frequency resource location of initial transmission and retransmission
· Time gap between initial transmission and retransmission
· Resource reservation period indicator
	X
	Use for all the cast type.
[bookmark: _GoBack]The details depend on the resource reservation mechanism design. 

	
	PSSCH DMRS pattern
· Time domain pattern (2 bits)
· Frequency domain pattern: type 1or type 2 (1 bit) 
· Antenna port/RI indicator (1 bit)

	4
	Used for all the cast type.

	
	Priority indicator 

	3
	Used for all the cast type

	Modulation and coding scheme
	MCS
	5
	Used for all the cast type

	CSI measurement and feedback
	CSI trigger and presence of CSI-RS
	1
	Used only for unicast

	
	Presence of CSI report
	1
	

	Zone ID
	Zone ID
	[8]
	Use for distance-based groupcast HARQ feedback 
Unicast can reuse this field for HARQ feedback trigger to avoid additional overhead. 



Further conlarification about the above bit fields as following:
· The length of L1-source/destination ID field needs to be unique for each V2X UE locally and not too long.   The length L1-source/destination ID should not be more than 8 bits and details should be further studied after the length of UE ID completed in RAN2 and SA2. 
· For the SCI fields already appeared in LTE sidelink, we can simply update the size according to the actual situation of NR sidelink. 
· Regarding the RS pattern indication field, the DMRS pattern should be decided first.
· As the CSI acquisition for unicast has been supported, SCI should also indicate whether a sidelink UE should request CSI reporting via PSSCH and whether CSI-RS is confined within PSSCH. 
· The Antenna port(s) field is used to indicate the rank of PSSCH transmission and the DMRS port(s).
· Zone ID for measuring the distance between two UEs. The payload size needs to be further studied.
Observation 1: There are only about 10bits difference between the SCI contents of broadcast and unicast/groupcast transmission
Proposal 1: The SCI contents in Table 1 should be taken into account.
Single SCI vs. 2-stage SCI
From the design principle of 2-stage SCI, the 1st SCI and 2nd SCI functionality are provide as following:
· 1st SCI shall include all the necessary information, at least include sensing related information bits, and introducing an extra bit field for resource indication of 2nd SCI, 
· 2nd SCI shall include all the necessary information for data reception. 
Furthermore, with the consideration of the cast type supported in NR sidelink, the minimum SCI bit fields set shall be transmitted in NR sidelink is the SCI used for broadcast.  Therefore, the design principle for whether introducing 2-stage SCI is as following:
· Principle 1: The SCI used for broadcast shall be at least included in 1st SCI if 2-stage SCI agreed
· Principle 2: 2nd SCI shall only include the bit fields which are beyond the SCI used for broadcast, and payload size without CRC bits shall be larger than 24 bits.
Base on the above discussion, the details of the SCI contents comparing between single SCI and 2-stage SCI are shown in Table 2.
Table 2: Comparison between single SCI and 2-stage SCI
	Bit field
	Single  SCI
	2-stage SCI

	
	
	1st SCI
	2nd SCI

	L1-source ID
	8bits
	8bits
	

	L1-destination ID
	8bits
	8bits
	

	MCS
	5bits
	5bits
	

	Priority
	3bits
	3bits
	

	Resource reservation
	4bits
	4bits
	

	Frequency resource location of initial transmission and retransmission
	
	
	

	Time gap between initial transmission and retransmission
	4bits
	4bits
	

	Retransmission index
	1bit
	1bit
	

	2nd-stage SCI aggregation level indicator
	
	4bits
	

	HARQ process number
	4bits
	4bits
	

	NDI
	1bit
	1bits
	

	RV
	2bits
	2bits
	

	PSSCH RS pattern indication
	3bits
	3bits
	

	CSI trigger(only for unicast)
	1bits
	
	1bits

	CSI report (only for unicast)
	1bits
	
	1bits

	Antenna port(s)/RI indicator
	1bits
	1bits
	

	Zone ID for Distance
	8bits
	
	8bits

	CRC
	24bis
	24bits
	24bits

	Total size
	78+
	72+
	34bits



It can be observed that only 10 bits is moved to 2nd SCI if 2-stage SCI is supported, it is far less than the 24 CRC bits. It doesn’t seem to make sense to carry so few bits of information with an additional 24bits overhead.
Observation 2: Only 10 bits is moved to 2nd SCI if 2-stage SCI is supported, it is far less than the 24 CRC bits.
Observation 3: 2-stage SCI introduces about 28 extra bits than single-stage SCI.
Furthermore, the 2nd-stage SCI is decoded by using PSSCH DMRS, the performance of PSCCH will be affected when the PSSCH uses 2-ports DMRS pattern. In the case where PSCCH is rank-1 and the rank of PSSCH is 2, the mapping details of 2nd-stage SCI also need to be further studied.
Observation 4:  When the number of DMRS ports of PSCCH and PSSCH is different, the performance of 2-stage SCI may be affected.
The evaluation results about single SCI and 2-stage SCI are provided in Figure 1,  and the total size of single-stage SCI is about 78bits, and total size of 2-stage SCI is about 106bits. In simulation, the same size of resource is assigned to single-stage SCI and 2-stage SCI.
[image: ]
Figure 1: BLER performance for single-stage-SCI vs 2-stage-SCI
Observation 5: The impact of higher coding rate and error propagation deteriorates the BLER performance of the 2-stage SCI than single-stage SCI.
Proposal 2: Only single SCI shall be supported in NR sidelink, and single SCI format for unicast, groupcast, and broadcast. 
Conclusion
In this contribution, we provide some proposals on the NR V2X SCI contents design as follow:
Observation 1: There are only about 10bits difference between the SCI contents of broadcast and unicast/groupcast transmission.
Observation 2: Only 10 bits is moved to 2nd SCI if 2-stage SCI is supported, it is far less than the 24 CRC bits.
Observation 3: 2-stage SCI introduces about 28 extra bits than single-stage SCI.
Observation 4: When the number of DMRS ports of PSCCH and PSSCH is different, the performance of 2-stage SCI may be affected.
Observation 5: The impact of higher coding rate and error propagation deteriorates the BLER performance of the 2-stage SCI than single-stage SCI.

Proposal 1: The SCI contents in Table 1 should be taken into account.
Proposal 2: Only single SCI shall be supported in NR sidelink, and single SCI format for unicast, groupcast, and broadcast. 
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Appendix
In this section, we provide link level evaluation assumptions used for analysis of SCI contents.
[bookmark: _Ref521664105]Table 4. Link level evaluation assumption
	Parameters 
	Assumptions 

	Carrier frequency 
	5.9 GHz 

	Waveform 
	CP-OFDM,

	Subcarrier spacing 
	30 kHz 

	DS 
	100ns 

	DMRS pattern
	PDCCH DMRS pattern

	Channel estimation 
	No-Ideal 

	Channel model 
	Sidelink: Highway-LOS, Urban-NLOS

	Channel coding 
	Polar

	Antenna configuration 
	(Tx, Rx) = (2, 4)  1ports

	UE speed (Relative ) 
	280km/h 

	Modulation 
	QPSK

	TBS 
	83bits,111bits

	PRB 
	16RBs
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