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In this contribution, we provide our views on the design related to physical channel structure based on the WID agreed in the last RAN plenary.
Analysis on single SCI vs. 2-stage SCI
Whether to support single SCI or 2-stage SCI may depend the payload contents and size for broadcast/unicast/groupcast communications. It can be evaluated in terms of potential coverage impact, the transmission efficiency and the blind decoding complexity. 
As shown in Table 1, the potential payload contents and sizes are listed for the broadcast and unicast/groupcast communications separately based on LTE V2X SCI 1, the latest RAN agreements, and the other potential parameters to be added.  It can be noted that the difference on the payload size between the broadcast and unicast/groupcast communication can be up to 40 bits contributed mainly from source/dest UE/group ID (16bits + 16bits), HARQ process number (4 bits), etc. If the same SCI size is shared between broadcast and unicast/groupcast communications for reducing the decoding complexity, up to 40bits padding will be needed, which results to the poor transmission efficiency for the broadcast communication. On the other hand, if two SCI sizes are used for unicast/groupcast communications separately, it will at least double the decoding complexity. Moreover, if the resource adaptation for control channel is allowed at least for the unicast, the blind decoding complexity and channel estimation will be increased more significantly for unicast communication by using the single SCI.
Observation 1: Up to 40 bits difference between broadcast and unicast/groupcast communications either leads to the inefficient transmission for broadcast communication or the significantly increased blind decoding complexity.
Table 1. Potential payload for broadcast and unicast/groupcast[image: ]
For 2-stage SCI, the payload can be split into two SCIs based in terms of the functionality and the target receivers as described below:
	2-stage SCI description:
· 1st-stage SCI carries the information at least for sensing and/or broadcast communication to be decoded by any UE.
· 1st-stage SCI is carried in PSCCH with the single payload size for unicast/groupcast/broadcast
· No scrambling on CRC to ensure any UE can decode SCI.
· FFS: the fixed resource size or adaptive payload size.
· FFS: the other information to be carried, e.g., Dest UE ID.
· 2nd-stage SCI carries the remaining information for the target UEs.
· Information to decode 2nd-stage SCI is derived based on information carried in 1st–stage SCI.
· Source UE ID is scrambled on CRC to reduce the payload size.
· FFS: How to carry 2nd-stage SCI in physical channel, e.g., Polar coding based 2nd-stage SCI using the time/frequency resources for PSSCH with shared DMRS.



For example, the payload split can be shown as Table 2. The 1st SCI just carries the sensing information (for unicast/groupcast) or broadcast communication. Moreover, the dest UE/group ID can be carried in the first SCI for two purposes: one is to determine whether to receive the 2nd SCI for the unicast/groupcast UEs, the other one is used to generate the DMRS sequence for the unicast/groupcast data transmission.
Table 2. Potential payload and size for 2-stage SCI vs. Single SCI w/ one size
[image: ]
For the 2-stage SCI, at least the following benefits are expected:
· Resource adaption at least for the 2nd SCI associated with the data transmission can be supported for higher spectrum efficiency than the single SCI.
· 2nd SCI based on data DMRS for ChEst can improve the performance while saving the DMRS overhead. To be noted, the single SCI has to use the dedicated DMRS with additional DMRS overhead. So, the overhead in terms of the total RE number for 2-stage SCI can be less than the single SCI thanks to resource adaptation and DMRS overhead reduction for 2nd SCI.
· 1st SCI with the smaller payload size than the single SCI can achieve the better coverage for sensing and interference avoidance. Especially, in case of the small bandwidth, the large single SCI can’t work well.
· Forward compatible with potential to support more SCI formats, e.g., adding some new sizes for 2nd SCI without any complexity increasing or transmission efficiency loss.
· No increase on the decoding complexity since there is no blind detection on the presence of 2nd SCI which transmission is indicated by the 1st SCI. 
Based on the previous RAN1 discussion, several issues has been raised for 2-stage SCI. the analysis has been provided below to address these issues:
Issue 1: Error propagation for 2-stage SCI
The simulation has been provided for 2-stage SCI to analyze the impact of error propagation. The simulation assumption for Case 1~4 are listed in the appendix. Both high Doppler (260km/h) and medium Doppler (30km/h) cases are simulated with the different number of symbols per SCI and the different payload size for 2 SCIs.
	[image: ]
Figure 1. Simulation case 1 with 61bits@1st SCI and 46bits@2nd SCI for 1 symbol per SCI and 30km/h
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Figure 2. Simulation case 2 with 61bits@1st /2nd SCIs for 1 symbol per SCI and 30km/h
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Figure 3. Simulation case 3 with 61bits@1st SCI and 46bits@2nd SCI for 2 symbols per SCI and 30km/h
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Figure 4. Simulation case 2 with 61bits@1st /2nd SCIs for 2 symbols SCI for 2 symbols per SCI and 30km/h
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Figure 5. Simulation case 1 with 61bits@1st SCI and 46bits@2nd SCI for 1 symbol per SCI and 260km/h
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Figure 6. Simulation case 2 with 61bits@1st /2nd SCIs for 1 symbol per SCI and 260km/h
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Figure 7. Simulation case 3 with 61bits@1st SCI and 46bits@2nd SCI for 2 symbols per SCI and 260km/h
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Figure 8. Simulation case 4 with 61bits@1st /2nd SCIs for 2 symbols SCI for 2 symbols per SCI and 260km/h



It can be observed that the impact of error propagation is quite small in the practical operation thanks to the correlated channels between the first SCI and the 2nd SCI (compared to the independent channels). In the worst case, it is up to ~0.5dB which is happened just in the high speed case (260km/h) so that it is ignorable. If necessary, such 0.5dB loss can be compensated by the improved channel estimation or slightly lower coding rate (1% lower coding rate). The performance is mainly bounded by the 1st SCI for most cases.
Observation 2: The error propagation for 2-stage SCI is quite small even in the worst case (up to 0.5dB at 260km/h) and the impact can be ignorable.
Issue 2: Overhead of 2-stage SCI.
As discussed to some extent previously, the overhead of 2-stage SCI should take into account the DMRS overhead in addition to the control REs for carrying the payload and CRC bits. 
As shown in Table 3, even though the total payload size for 2-stage is larger than the single SCI (107 bits vs. 103 bits), the total RE number including control REs and DMRS REs are smaller than single SCI (5% less overhead), which can turn to the better throughput or PRR performance.


Table 3. Overhead analysis for 2-stage SCI vs. Single SCI.
	Parameters
	1st SCI
	2nd SCI
	Single SCI

	Payload+24bits_CRC(bits)
	61
	46
	103

	Target Coding Rate @<-2dB
	0.06 
	0.06 
	0.06 

	Control REs
	508 
	383 
	858 

	DMRS Overhead (1/4)
	127 
	0 (data DMRS)
	215 

	sub-Total REs
	635 
	383 
	1073 

	Total REs
	1019 
	1073 



Observation 3: The 2-stage SCI requires the less resources than the single SCI due to DMRS saving for 2nd SCI by sharing data DMRS.
Issue 3: Coding efficiency for 2nd SCI.
For polar coding, it requires at least 12 bits payload for the coding efficiency. Based on the analysis in Table 2, it can be noted that more than 12 bits (~22bits) are needed for the 2nd SCI due to HARQ process number (4bits), MCS information (4~5 bits), RV (2bits), A-CSI request (2bits), DMRS TDM pattern (2 bits) and others. So it is not an issue for the coding efficiency of 2nd SCI. especially, considering the forward capability (e.g., for advanced MIMO or beamforming schemes), more reserved bits may be needed.
Observation 4: Polar coding with at least 12 bits payload is not an issue for 2nd SCI.
Proposal 1: NR V2X supports 2-stage SCI with 1st SCI at least for sensing and/or broadcast communication to be decoded by any UE and 2nd SCI for the remaining information to be decoded by the intended UE.
Proposal 2: The Dest ID is carried in the 1st SCI to determine whether to receive the 2nd SCI by the receiving UE.
Proposal 3: The source ID can be CRC scrambled in the 2nd SCI to reduce the payload size.

Multiplexing of PSCCH and PSSCH
In order to reduce the SCI size, we propose that the starting frequency position of PSSCH can be directly derived from the starting frequency position of PSCCH. Furthermore, as depicted in Fig. 9, a margin in subchannel/RB can be introduced to protect PSCCH from in-band emission, which becomes non-negligible if the RBs of a distant UE are interfered by near UEs. 
Proposal 4: The starting frequency position of PSSCH can be directly derived from the starting frequency position of PSCCH.
Proposal 5: A margin in subchannel/RB to reduce the effect of in-band emission on PSCCH can be FFS.


Figure 9. Margin for PSCCH to tackle in-band emission.
Finally, we discuss cross-slot scheduling. Cross-slot scheduling can be used for aperiodic traffic where a scheduling grant (SG) carried in PSCCH is sent for resource reservation or preemption with the associated PSSCH in another slot. Now the SG channel occupies a time-frequency resource alone without the associated PSSCH in the same slot. Fig. 10 presents several design options. Option 2 uses all available symbols in a slot, whereas Options 1A, 1B, and 3 use either the first few symbols or the last few symbols. Options 1B and 3 assume that the SG channel and other UEs’ PSSCHs can overlap in frequency within a slot. 
Proposal 6: NR V2X can support cross-slot scheduling for sensing of aperiodic traffic transmission.


Figure 10. Resource allocation of scheduling grant in cross-slot scheduling.

Design of PSFCH
In the RAN1#94bis and RAN1#95 meetings, sidelink feedback control information (SFCI) and physical sidelink feedback control channel (PSFCH) were defined. Also, at least ACK/NACK is included in one of the SFCI formats. Here we discuss how to convey SFCI on sidelink and restrict attention to ACK/NACK.
PSFCH allocated at the beginning of slot
First, we expect that NR LDPC is used for PSSCH. Then, PSSCH is not suitable to carry ACK/NACK alone since NR LDPC is designed for moderate to large input block lengths. In other words, PSFCH might be like PSCCH with polar coding.
Next, we consider the location of PSFCH. In the following we assume that the multiplexing of PSFCH and PSSCH follows a TDM-like design and PSFCH is at the beginning symbols of one slot. Assume that UE 1 transmits a packet to UE 2 in slot n and consider the following cases as shown in Fig. 11.
· Case (a): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n+1 PSCCH. This case is very challenging for UE implementation and UE processing time, since UE should decode the received data, prepare and send the ACK/NACK within RF switching and AGC settling time. 
· Case (b): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n+2 PSFCH. This case relieve the requirement of UE processing time when compared with Case (a). A retransmission from UE 2 can be scheduled in slot n+3 and introduce the latency as at least 3 slots. 
Observation 5: If initial transmission is in slot n and ACK/NACK is transmitted on PSFCH, a retransmission can only be scheduled at the earliest in slot n+3. That is, the latency is at least 3-slot.   
[image: ]
Figure 11. Location of PSFCH is at the beginning of one slot.
Due to half duplex, when UE 2 transmits ACK/NACK on PSFCH in slot n+2, UE 2 cannot decode any PSCCH sent from other UEs. Even if UE 2 switches back to receive mode after sending ACK/NACK, UE 2 cannot decode PSSCH since it does not know the scheduling assignment. Thus, slot n+2 can be regarded as a TX slot for UE 2, even only very small size packet or ACK/NACK is transmitted. It seems the resource utilization efficiency is not good, if there is no other information to be transmitted by UE 2 in slot n+2. 
PSFCH allocated at the end of slot
A FDM-like PSFCH channel is undesirable due to high latency, therefore, we assume PSFCH is TDMed with PSSCH and at the end of slot. As shown in Fig. 12, we assume that UE 1 transmits a packet to UE 2 in slot n and consider
· Case (c): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n PSFCH. The processing time of this case is similar to that of Case (a) and it is very challenging to UE implementation. 
· Case (d): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n+1 PSFCH. The processing time of this case is similar to that of Case (b) and relieved when compared with Case (c). A retransmission from UE 2 can be scheduled in slot n+2 and introduce the latency as at least 2 slots, which is less than the latency in Case (b).
Due to half duplex, when UE 2 transmits ACK/NACK on PSFCH in slot n+1, UE 2 still can decode any PSCCH sent from other UEs. But a guard period should be used before PSFCH. When compared with PSFCH allocated at the beginning of the slot, the resource utilization efficiency and flexibility of PSFCH allocated at the end of the slot are better. 
Proposal 7: No support of FDM-like PSFCH channel.
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Figure 12. Location of PSFCH is at the end of one slot.

In the beginning of a slot, a UE can be in receive mode and later on switch to transmit mode for transmitting ACK/NACK; or vice versa. In this case, an extra guard period has to be added for UEs switching from receive mode to transmit mode for ACK/NACK transmission and for UEs switching from transmit mode to receive mode for ACK/NACK reception. As for UEs not transmitting or receiving ACK/NACK, such guard period is not required. Nevertheless, when some UEs perform TX/RX switching within a slot, the experienced power level changes and it takes time for AGC settling. We propose to further study two alternatives regarding the additional guard period. 
Proposal 8: The following two options for guard period before PSFCH can be further studied:
· Option 1: Every slot has two guard periods, one in the beginning and one just before PSFCH; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Similar to multiplexing of PSCCH and PSSCH, the multiplexing of PSFCH and PSSCH should be further studied. 
Proposal 9: The following two options for multiplexing PSFCH with PSSCH can be further studied:  
· Option A: Exclusive time resource for PSFCH;
· Option B: Within the time resource used by PSFCH, PSSCH of the same UE or other UEs can occupy unused frequency resources.
The combined options for additional guard period and for multiplexing of PSFCH and PSSCH are illustrated in Fig. 13.


Figure 13. Additional guard period and multiplexing of PSFCH and PSSCH.

Support of DMRS pattern for PSSCH
For NR data channel, there are type 1 and type 2 configuration for DMRS patterns. Considering the similarity of the downlink/uplink and sidelink, reusing DMRS pattern type 1 (comb-type) for PSSCH will be more reasonable in frequency domain. 
Proposal 10: For DMRS pattern in frequency domain, only NR DMRS pattern Type 1 configuration is supported for NR V2X. 

Conclusion
The following summarizes the observations in this contribution:
Observation 1: Up to 40 bits difference between broadcast and unicast/groupcast communications either leads to the inefficient transmission for broadcast communication or the significantly increased blind decoding complexity.
Observation 2: The error propagation for 2-stage SCI is quite small even in the worst case (up to 0.5dB at 260km/h) and the impact can be ignorable.
Observation 3: The 2-stage SCI requires the less resources than the single SCI due to DMRS saving for 2nd SCI by sharing data DMRS.
Observation 4: Polar coding with at least 12 bits payload is not an issue for 2nd SCI.


The following proposals are provided for discussion/decision:
Proposal 1: NR V2X supports 2-stage SCI with 1st SCI at least for sensing and/or broadcast communication to be decoded by any UE and 2nd SCI for the remaining information to be decoded by the intended UE.
Proposal 2: The Dest ID is carried in the 1st SCI to determine whether to receive the 2nd SCI by the receiving UE.
Proposal 3: The source ID can be CRC scrambled in the 2nd SCI to reduce the payload size.
Proposal 4: The starting frequency position of PSSCH can be directly derived from the starting frequency position of PSCCH.
Proposal 5: A margin in subchannel/RB to reduce the effect of in-band emission on PSCCH can be FFS.
Proposal 6: NR V2X can support cross-slot scheduling for sensing of aperiodic traffic transmission.
Proposal 7: No support of FDM-like PSFCH channel.
[bookmark: _GoBack]Proposal 8: The following two options for guard period before PSFCH can be further studied:
· Option 1: Every slot has two guard periods, one in the beginning and one just before PSFCH; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Proposal 9: The following two options for multiplexing PSFCH with PSSCH can be further studied:  
· Option A: Exclusive time resource for PSFCH;
· Option B: Within the time resource used by PSFCH, PSSCH of the same UE or other UEs can occupy unused frequency resources.
Proposal 10: For DMRS pattern in frequency domain, only NR DMRS pattern Type 1 configuration is supported for NR V2X. 
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Appendix
Simulation assumptions
	Case ID
	Case 1
	Case 2
	Case 3
	Case 4

	Parameter
	2-stage SCI
(1+1symbol)
	2-stage SCI
(1+1symbol)
	2-stage SCI
(2+2symbol)
	2-stage SCI
(2+2symbol)

	Frequency
	6GHz
	6GHz
	6GHz
	6GHz

	SCS(KHz) 
	30
	30
	30
	30

	CORESET RB
	48
	48
	24
	24

	2nd-CORESET RB
	48
	48
	24
	24

	Payload(24_CRC_included)
	1st SCI: 61(37)bits
2nd SCI: 46(22)bits
	1st SCI: 61(37)bits
2nd SCI: 61(37)bits
	1st SCI: 61(37)bits
2nd SCI: 46(22)bits
	1st SCI: 61(37)bits
2nd SCI: 61(37)bits

	CORESET time duration
	1st SCI: Symbol#0
2nd SCI: Symbol#1
	1st SCI: Symbol#0
2nd SCI: Symbol#1
	1st SCI: Symbol#0~1
2nd SCI: Symbol#2~3
	1st SCI: Symbol#0~1
2nd SCI: Symbol#2~3

	AL
	1st SCI: AL8
2nd SCI: AL8
	1st SCI: AL8
2nd SCI: AL8
	1st SCI: AL8
2nd SCI: AL8
	1st SCI: AL8
2nd SCI: AL8

	CCE-to-REG Mapping
	Non-interleaved
	Non-interleaved
	Non-interleaved
	Non-interleaved

	REG bundle size
	6
	6
	6
	6

	CORESET-interleaver-size 
	NA
	NA
	NA
	NA

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2 Low
	2x2 Low
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Potential Parameters Broadcast Unicast/groupcast LTE V2X SCI

SRC ID (16bits)

1

0 16 0

Dest ID (16bits) 0 16 0

Other SCI payload

2

36 47 32

Priority 3 3 3

Resource reservation 4 4 4

Frequency resource location

3

8 8 9

Time gap between initial transmission and retransmission 4 4 4

Retransmission index 1 1 1

Modulation and coding scheme 5 5 5

Transmission format 1 1 1

New data indicator 1 1 1

Redundancy version 2 2 1

HARQ process number 0 4 0

A-CSI request 0 2 0

DMRS TDM Pattern 2 2 0

Reserved Bits (or TBD) 5 10 3

CRC 24 24 16

sub-total (bits) 60 103 48

Total (bits) 60 103 48

Note:

1. 16bits of UE ID is CRC Scrmabled.

2. 32 bits for SCI payload are assumed based on LTE V2X SCI format 1.

3. LTE V2X Carrier = 270 RBs, so max_subCH = 100/11RBs = 25 SubCHs, log(25*(25+1)/2,2)=~9bits for FD RA.
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Broadcast

Unicast/

groupcast

Format indicator 1 1 0 0 0

SRC ID (16bits)

1

0 0 0 16 0

Dest ID (16bits) 0 16 16 0

Other SCI payload

2

36 20 22 47 32

Priority 3 3 0 3 3

Resource reservation 4 4 0 4 4

Frequency resource location

3

8 8 0 8 9

Time gap between initial transmission and retransmission 4 0 0 4 4

Retransmission index 1 1 0 1

Modulation and coding scheme 5 0 4 5 5

Transmission format 1 0 1 1

New data indicator 1 0 1 1 1

Redundancy version 2 0 2 2 1

HARQ process number 0 0 4 4

A-CSI request 0 0 2 2 0

DMRS TDM Pattern 2 0 2 2 0

2nd SCI T/F location  0 2 0 0

Reserved Bits (or TBD) 5 2 6 10 5

CRC 24 24 24 24 16

sub-total (bits) 61 61 46 103 48

Total (bits) 61 103 48

107

Single SCI vs. 2-stage SCI w/ 16 bit UE ID

Parameters

2-stage SCI

Single SCI LTE V2X SCI

1st SCI

2nd SCI for 

unicast/gro

upcast

Note:

1. 16bits of UE ID is CRC Scrmabled.

2. 32 bits for SCI payload are assumed based on LTE V2X

3. LTE V2X Carrier = 270 RBs, so max_subCH = 100/11RBs = 25 SubCHs, log(25*(25+1)/2,2)=~9bits for FD RA.
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