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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In the last two meetings RAN1#AH1901, RAN1#96 and RAN1#96bis, some agreements have been achieved w.r.t. resource pool, physical channels and RS [1], [2], [3]. In this contribution, we share some further considerations on several issues related to physical layer structure.
[bookmark: _Ref228947482]Discussion
PSFCH
In the RAN1#96 meeting, the following agreements have been achieved w.r.t. PSFCH.
Agreements:
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.



Figure 1. An example of the PSFCH structure

The possible physical layer structure of PSFCH is illustrated in Figure 1. Referring to the above agreement, it is agreed that NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot. By this way, fast HARQ-ACK feedback can be achieved since a slot can have a self-contained structure. Also Uu uplink symbols can be easily reused for PSFCH transmission when NR sidelink shares a carrier with NR Uu. 
To improve spectral efficiency, PSCCH, PSSCH and PSFCH can be multiplexed within a slot as shown in Figure 1. Considering that a UE may first receive PSCCH/PSSCH and then transmit PSFCH in one slot, the symbols ahead of PSFCH can serve as the guard period and the AGC symbol. If both the Rx-Tx switching and the AGC can be accomplished within the duration of one symbol, then only one symbol can be reserved for the use of the guard period and the AGC.
Proposal 1: For the PSFCH format which uses last symbol(s) available for sidelink in a slot, the symbol(s) ahead of PSFCH can serve as guard and AGC symbols. 

As for the duration of PSFCH, NR sidelink can be designed to support both short PSFCH and long PSFCH which can be generally seen as counterparts of short PUCCH (PUCCH format 0/1) and long PUCCH (PUCCH format 2/3/4) in NR Uu. One motivation to support long PSFCH is for coverage enhancement. If PSCCH/PSSCH and PSFCH is allowed to be multiplexed in a FDM manner, another motivation could be alleviating potential AGC impact from PSFCH. For example, by using long PSFCH which spans the whole slot, the AGC impact towards FDMed PSCCH/PSSCH can be completely avoided. As for the AGC impact from PSFCH, more details can be found in the following discussions.
Proposal 2: Besides short PSFCH, long PSFCH can also be considered for NR V2X.

In the RAN1#96b meeting, the following agreements have been achieved for multiplexing between PSCCH/PSSCH and PSFCH.
Agreements:
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot

According to the agreements, PSCCH/PSSCH and PSFCH can be multiplexed at least in a TDM manner from the UE perspective. It is FFS whether it is also applicable from the system/resource pool perspective or not. The following discussions only apply to the case where PSCCH/PSSCH and PSFCH are multiplexed in a TDM manner. In our view, for the TDM case, TDMed PSCCH/PSSCH and PSFCH should be guaranteed from the system/resource pool perspective. Otherwise, signal and/or interference may have big power fluctuations even within a single slot. In this case, AGC has to be performed for multiple times within a slot and thus inducing increased complexity. 


Figure 2. An example of TDMed PSCCH/PSSCH and PSFCH from the UE perspective


Figure 3. An example of TDMed PSCCH/PSSCH and PSFCH from the system/resource pool perspective

One example is provided in Figure 2 to show the impact on AGC. In Figure 2, TDM between PSCCH/PSSCH and PSFCH is achieved from the UE perspective but not from the system/resource pool perspective. If PSFCHs can have different lengths, UE-specific TDM will not guarantee PSFCH length alignment within a slot. It is assumed that the frequency range of all the physical channels in Figure 2 falls into the RF band of UE 1. When UE 1 receives PSCCH/PSSCH in the slot, its received signal will have two independent power levels corresponding to the time spans marked as “AGC 1” and “AGC 2” respectively. Therefore, UE 1 needs to perform AGC twice within that slot to get accurate AGC estimations. This will complicate AGC estimations and thus increasing processing complexity. This additional AGC estimation is necessary especially when the power of PSFCH is relatively large. This could happen e.g. when the geographical distance between UEs is relatively small. As a worst case, UE 1 may need to receive PSCCH/PSSCH from one UE and receive PSFCH from a different UE within the slot shown in Figure 2. In this case, UE 1 has to perform AGC for three times within one slot. More specifically, two AGC estimations are for PSCCH/PSSCH reception as aforementioned, and one AGC estimation is additionally required for PSFCH reception. 
As a comparison with UE-specific TDM, Figure 3 shows an example where TDM is achieved from the system/resource pool perspective. To achieve system/resource-pool level TDM, only one PSFCH length is allowed in a slot and PSFCHs should be aligned within that slot. When UE 1 receives PSCCH/PSSCH in the slot, it can perform AGC only once by reusing the conventional AGC method. Therefore, TDM from the system/resource pool perspective is beneficial to avoid the more-than-one AGC for PSCCH/PSSCH as in Figure 2. How to achieve system/resource pool level TDM can be further studied by also taking the ease of PSFCH alignment into account. 
Proposal 3: For TDM between PSCCH/PSSCH and PSFCH, TDM should be guaranteed from the system/resource pool perspective.

According to the agreements, it is FFS whether to support FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot. The following discussions only apply to the case where PSCCH/PSSCH and PSFCH are multiplexed in a FDM manner. In our view, FDMed PSSCH/PSSCH and PSFCH in a slot can be at least supported under the condition that PSFCHs have the same length and are aligned within the slot. Figure 4 and Figure 5 provide two examples with and without PSFCH alignment respectively. 


Figure 4. An example of FDMed PSCCH/PSSCH and PSFCH where PSFCHs are not aligned


Figure 5. An example of FDMed PSCCH/PSSCH and PSFCH where PSFCHs are aligned

One concern on FDMed PSCCH/PSSCH and PSFCH could be the AGC issue. More specifically, additional AGC may be required for FDMed PSCCH/PSSCH. This has been shown in Figure 4 where PSCCH/PSSCH is multiplexed with PSFCH in a FDM manner and PSFCHs have different lengths. In this case, when UE 1 receives PSCCH/PSSCH, it needs to perform AGC for three times within one slot, which is undesirable due to the increased complexity. However, by forcing PSFCH alignment within the slot as shown in Figure 5, UE 1 only needs to perform AGC twice in one slot. Two AGC estimations within a slot are anyway required even for TDMed PSCCH/PSSCH and PSFCH, e.g., when UE 1 needs to receive PSCCH/PSSCH from one UE and receive PSFCH from a different UE within one slot. Therefore, performing AGC twice in a slot may not be a big issue at least for some UEs. To this end, FDM between PSCCH/PSSCH and PSFCH can be supported at least when PSFCHs have the same length and are aligned within the slot.
Proposal 4: For FDM between PSCCH/PSSCH and PSFCH, FDM can be supported at least under the condition that the FDMed PSFCHs have the same length and are aligned within the slot.

Resource pool
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In the RAN1#AH1901 meeting, the following agreements have been achieved w.r.t. the resource pool.
Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs

In the RAN1#96 meeting, the following agreements have been achieved to identify the available time resources for sidelink.
Agreements:
· [bookmark: OLE_LINK140][bookmark: OLE_LINK141]For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios
· 

[bookmark: OLE_LINK39][bookmark: OLE_LINK40]In LTE V2X, for FDD mode, the resource pool in time domain is defined by a repeating bitmap except sidelink synchronization subframes. However, for TDD mode, the bitmap can only act on the UL subframes, i.e. can only indicate which UL subframes can be used for LTE V2X. For example, in a bitmap, a bit “1” means that the corresponding subframe is included in this resource pool and can be used for V2X transmission, while “0” means that it is not included in the resource pool and cannot be used for sidelink. Thus, by using this bitmap indication, those subframes used for LTE V2X are composing the time domain resources of a resource pool. Then V2X UE can select resources from resource pool for its transmission. The transmission resource pool selected by the transmitter UE should be consistent with one of the reception pools monitored by the receiver UE, so that the transmitter UE and receiver UE can have same understanding about some information, e.g. time resource and resource index in the resource pool.
Similar to LTE V2X, NR sidelink should use the resource pool as well. To limit the complexity and achieve easy implementation, the bitmap scheme can be reused as a starting point for time domain indication, and only slot-level indication should be considered in Rel-16 considering heavy workload and limited time.  For example, in a bitmap, a bit “1” means that the corresponding slot or a subset of consecutive symbols in this slot are included in the resource pool.


[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 6. Illustration of slot-level bitmap in NR V2X 

Proposal 5: Slot-level bitmap can be considered as a starting point for time domain resource pool indication in NR V2X.

It was agreed that NR V2X can be deployed on both shared carrier between Uu and sidelink, and dedicated sidelink carrier. For shared carrier case, it should be specified which type of time domain resource can be used for sidelink, since a new type “flexible” slot/symbol is defined in NR Uu. In LTE V2X, only UL resource can be used for sidelink to limit the complexity for UE implement and avoid interference. Based on the same consideration, for NR V2X, we propose that at least UL slot/symbol can be used for sidelink transmission, and whether the flexible slot/symbol can be used needs to be further discussed. Thus, based on the above discussion and the agreement of the last meeting, we have the following proposal:
Proposal 6: In shared carrier scenario, at least a UL slot or a subset of consecutive UL symbols in a slot can be used for a sidelink transmission/reception. FFS whether flexible slot/symbol can be used for sidelink transmission/reception.

[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Unlike LTE, in NR, UE-specific slot format can be additionally configured by RRC dedicated signaling, after the cell-specific slot format is obtained from broadcast information. Then it should be clarified which type of slot format can be based on when configuring the time domain resource pool. In our opinion, if the transmission type is broadcast, only cell-specific configured UL slot/symbol can be included in time domain resource pool to avoid unpredictable misalignment between transmitter and receiver UEs; However, for unicast and groupcast, since the UE-specific slot format can be exchanged between transmitter and receiver UEs during the session establishment procedure or congruously notified by gNB, UE-specific configured UL slot/symbol can be used to provide more resource utilization efficiency for unicast and groupcast.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 7: At least cell-specific configured UL slot/symbol can be included in time domain resource pool and used for sidelink transmission.
· UE-specific configured UL slot/symbol can only be used for unicast and groupcast.

Under the assumption of Proposal 6, from the perspective of effectively configuring sidelink resources, it is beneficial to configure separate resource pools for broadcast and unicast/groupcast. By this way, the bitmap in each resource pool’s configuration IE can correspond to cell/UE-specific slot format respectively, then gNB can perform more efficient resource allocation for each type of transmission. 
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK50]Observation 1: From the perspective of effectively configuring sidelink resources, it is beneficial to configure separate resource pools for broadcast and unicast/groupcast.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]NR V2X need to support low latency traffic, such as 3ms end to end latency. By using semi-statically resource selection from bitmap based resource pool, it may result in extra latency considering the existing of the slots indicated as 0 from bitmap, which cannot be used for sidelink. As shown in Figure 7, when emergency V2X traffic exists, it has to wait for 3 slots since there are no available resource for NR sidelink uses within 3 slots as indicated by bitmap. Thus, the latency will be increased by 3 slots as shown in the figure. Therefore, the method to assure the low latency requirement should be further studied in addition to the bitmap based resource pool indication. One possible approach is, if the semi-statically configured flexible slot/symbol can be used for sidelink, the resources contained in the resource pool can be dynamically increased by re-indicating flexible or the non-contained UL slot/symbol’s type as “sidelink”. A group common PDCCH with SFI-RNTI, for example, can be considered for this kind of notification.
[image: ]
Figure 7. Example of extra latency caused by bitmap indication 

Proposal 8: Some methods to assure the low latency requirement should be further studied, e.g. dynamically increase the time domain resources contained in the resource pool.

2-stage SCI for NR V2X
Differently with LTE V2X which provides sidelink broadcast only, the NR V2X needs to support broadcast, groupcast and unicast. The SCI size for different V2X types should be different since unicast and groupcast is with HARQ but broadcast is without HARQ.  
It results in a high complexity for UE blind decoding the sidelink control channel considering multiple SCI formats designed with different size and all possible aggregation levels. The 2-stage SCI is beneficial to reduce the decoding complexity where the 1st SCI is decoded by all of UEs while the 2nd SCI will be decoded only by the UEs indicated to receive the groupcast/unicast traffic. 
The 1st SCI contains information which needs to be broadcast, like as the resource information for the related PSSCH, the resource reservation information, the priority information, the destination UE ID, etc.  The 2nd SCI could contain the remaining SCI information to decode the associated PSSCH. The details on the contents of 1-stage SCI and 2-stage SCI are shown in the Table. 1.

Table 1: Control information fields
	Bit field
	1-stage SCI
	2-stage SCI

	
	
	1st SCI size
	2nd SCI size

	HARQ process number
	4
	　
	4

	NDI
	1
	　
	1

	RV
	2
	　
	2

	Layer-1 source ID
	8
	8
	

	Layer-1 destination ID 
	8
	8
	　

	MCS
	5
	5
	　

	CRC
	24
	24
	24

	Priority (QoS)
	3
	3
	　

	CSI request
	1
	　
	1

	Antenna port(s)
	2
	
	

	DMRS sequence initialization
	1
	
	

	PTRS-DMRS association
	2
	
	

	CBGTI
	4
	　
	

	resource reservation
	4
	4
	　

	Time gap between initial transmission and retransmission 
	4
	4
	　

	Retransmission index
	1
	1
	　

	Transmission format /cast type indicator
	2
	2
	　

	Zone ID
	10　
	　
	10

	NACK distance
	5　
	　
	5

	HARQ feedback indication for enabling
	1
	　
	1

	time-domain resource assignment for scheduling PSSCH
	3
	　
	3

	second SCI indication
	　
	2
	　

	DMRS pattern
	2
	2
	　

	FFS: Additional bits for future proof
	8
	
	

	
	Total size:105bis
	Total size: 63bits
	Total size: 51 bits



[bookmark: OLE_LINK36][bookmark: OLE_LINK37]In the following sections, the evaluation results are presented and discussed. The Link level simulation parameter for 2-stage SCI method and 1 stage SCI method is given in Table 6 (in Appendix). 1 symbol is used for PSCCH in the simulation. Aggregation level (AL) with 4 and 16 are simulated, respectively.  In simulation, for AL=16, the total 96 resource blocks (RBs) are configured for 1 stage SCI method. For 2-stage SCI method, we assume the probability of broadcast over all of traffic is . It is assumed that the 2-stage SCI is static configured with the 96 RBs first. Denoting the RBs of the 1st SCI and 2nd SCI is  and, we have:
,
.
Based on these equations, the details of the overhead analysis for AL=16 is shown in the Tables 2-3:

Table 2. RBs configuration for AL=16
	　AL=16
	
	1-Stage RBs
	RB(1)
	RB(2)
	RB(1)+RB(2)
	RB(1)/RB(2)

	2-stage SCI
	0
	96
	53
	43
	96
	1.23 

	
	0.2
	96
	58
	48
	106
	1.21 

	
	0.4
	96
	65
	52
	117
	1.25 

	
	0.6
	96
	73
	58
	131
	1.26 

	
	0.8
	96
	83
	65
	148
	1.28 

	1-stage SCI
	1
	96
	96
	0
	96
	


                                                                                 
Table 3. REs configuration for AL=16
	　AL=16
	
	Payload of 1st SCI(excluding CRC)
	Payload of 2nd SCI(excluding CRC)
	Code Length of 1st SCI
	Code Length of 2nd SCI
	Code Rate(1)
	Code Rate(2)

	2-stage SCI
	0
	39
	27
	954  REs
	774  REs
	0.066
	0.066

	
	0.2
	39
	27
	1044  REs
	864  REs
	0.060
	0.059

	
	0.4
	39
	27
	1170  REs
	936  REs
	0.054
	0.054

	
	0.6
	39
	27
	1314  REs
	1044  REs
	0.048
	0.049

	
	0.8
	39
	27
	1494  REs
	1170  REs
	0.042
	0.044

	1-stage SCI
	1
	81
	0
	1728  REs
	0
	0.061
	


                                                                          

For AL=4, the total 24 resource blocks (RBs) are configured for 1-stage SCI method. Similarly, we have the following tables 4-5 on the RB and RE configuration for 1-stage SCI and 2-stage SCI methods.

Table 4. RBs configuration for AL=4
	　AL=4
	
	1-Stage RBs
	RB(1)
	RB(2)
	RB(1)+RB(2)
	RB(1)/RB(2)

	2-stage SCI
	0
	24
	13
	11
	24
	1.18 

	
	0.2
	24
	15
	12
	27
	1.25 

	
	0.4
	24
	16
	13
	29
	1.23 

	
	0.6
	24
	18
	15
	33
	1.20 

	
	0.8
	24
	21
	17
	38
	1.24 

	1-stage SCI
	1
	24
	24
	0
	24
	


                                                                                  
Table 5. REs configuration for AL=4
	　AL=4
	
	Payload of 1st SCI(excluding CRC)
	Payload of 2nd SCI(excluding CRC)
	Code Length of 1st SCI
	Code Length of 2nd SCI
	Code Rate(1)
	Code Rate(2)

	2-stage SCI
	0
	39
	27
	234  REs
	198  REs
	0.269 
	0.258 

	
	0.2
	39
	27
	270  REs
	216  REs
	0.233 
	0.236 

	
	0.4
	39
	27
	288  REs
	234  REs
	0.219 
	0.218 

	
	0.6
	39
	27
	324  REs
	270  REs
	0.194 
	0.189 

	
	0.8
	39
	27
	378  REs
	306  REs
	0.167 
	0.167 

	1-stage SCI
	1
	81
	0
	432  REs
	0
	0.243 
	　


                                                                          

We evaluate the scenario of AL=4 and AL=16 with =0, 0.2, 04, 0.6, 0.8. The simulation results are shown in the following figures:

	
Figure 8a: BLER performance(AL=16, =0)
	
Figure 8b: BLER performance(AL=16, =0.2)


	
Figure 8c: BLER performance(AL=16, =0.4)
	
Figure 8d: BLER performance(AL=16, =0.6)

	
Figure 8e: BLER performance(AL=16, =0.8)



	
Figure 9a: BLER performance(AL=4, =0)
	
Figure 9b: BLER performance(AL=4, =0.2)

	
Figure 9c: BLER performance(AL=4, =0.4)
	
Figure 9d: BLER performance(AL=4, =0.6)


	
Figure 9e: BLER performance(AL=4, =0.8)



As shown in the Fig. 8 and Fig. 9, the gap between the BLER of 1st SCI and the BLER of 2 stage SCI remains static by increasing the probability of broadcast. Therefore, it can be observed that the impact of error propagation is not varied significantly via changing the value of . As shown in Fig. 8a-8d and Fig. 9a-9d, the reliability of 1-stage method is higher than that of the 2-stage method when  is small than 0.6. However, the BLER of 1-stage method is becoming close to that of 2-stage method when increasing the value of  from 0 to 0.6. When  is 0.8, 2-stage method achieves better reliability than the 1-stage method as shown in Fig. 8e and Fig. 9e. 
The 1st SCI contains the information for sensing which needs to be received by all of the UEs. The 2nd SCI contains information which needs to be received only by the targeted UE(s).  The information related to unicast or groupcast sidelink PSSCH decoding (e.g., HARQ process number, new data indicator, redundancy version, etc.) is only needed for targeted UEs. This information for PSSCH decoding is included in the 2nd SCI of the 2-stage SCI based method as shown in Table 1. When the unicast or groupcast related SCI is sent over sidelink control channel, a UE not involved in this sidelink unicast or groupcast will not decode the 2nd SCI after knowing the destination ID via decoding the 1st SCI. Considering the 2nd SCI is decoding by the target UEs only, the 2-stage SCI method could reduce the SCI decoding complexity compared with the 1 stage SCI method. Therefore, the 2-stage SCI could be supported for NR V2X.	
Proposal 9: NR V2X sidelink should support 2-stage SCI.

DM-RS
DM-RS for PSCCH
It was agreed in RAN1 #94 that DM-RS defined in Rel.15 NR Uu is the starting point for NR sidelink DM-RS. In the last RAN1 meeting, it was agreed that only CP-OFDM is supported in Rel.16 NR sidelink. For the CP-OFDM waveform, the DM-RS design for PDCCH in Rel.15 NR Uu can be the baseline. In Rel.15 NR PDCCH, the DM-RS is mapped to every OFDM symbol in time domain and three REs per RB in frequency domain [4]. Such pattern can be reused for PSCCH.
Proposal 10: For PSCCH, the DM-RS mapping pattern of NR PDCCH (3 REs per RB) can be reused.

For DM-RS sequence generation, the initial value of a PDCCH DM-RS sequence can be generated by a UE-specific higher-layer parameter pdcch-DMRS-scramblingID, which can take any value from 0 to 65535 [4]. In contrast to PDCCH, UE has no prior information about DM-RS sequence when receiving a PSCCH. UE performs blind detection of DM-RS sequence with the strongest correlation. If dedicated DM-RS initialization parameter is (pre)configured to each UE, it may result in excessive amount of blind detection attempts. 
On the other hand, collision is inevitable if a UE performs resource allocation mode 2. It is beneficial to assign different DM-RS sequences with good orthogonality for colliding UEs to mitigate collision interference. In order to check how much gain can be obtained if different DM-RS sequences are used by colliding PSCCHs, link-level simulations assuming one interfering UE are conducted. The detailed simulation conditions are given in Table 7 in the Appendix. Figure 10 shows the BLER performance vs. SIR of the following two cases: case (a) the transmitting UE and the interfering UE use different DM-RS sequences; case (b) the transmitting UE and the interfering UE use the same DM-RS sequences. For the former case, different frequency-domain orthogonal cover codes are assigned for the transmitting UE and the interfering UE, respectively. Here the AL is set as 1 and the SNR is fixed as 10 dB. Comparing with the case (a), about 4 dB SIR gain can be observed for the case (b). Figure 11 shows the SIR gain as a function of the AL averaged over different SNR values.  As can be seen from Figure 11, with increasing AL, we can obtain higher performance benefit if different DM-RS sequences are used for colliding PSCCHs.
	[image: ]
Figure 10. BLER vs. SIR
	[image: ]
Figure 11. SIR gain vs. AL


[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Observation 2: From the perspective of interference mitigation, it is beneficial to assign different DM-RS sequences for colliding PSCCHs, especially for high AL case.

To distinguish DM-RSs of colliding UEs without overwhelming blind detection, information of UE’s geographical location can be utilized to generate DM-RS sequence. The basic idea is as follows:
· UEs are divided into groups based on location. 
· Sets of DM-RS parameters are mapped to different areas. Proximal UEs belong to the same group will select a parameter from the same parameter set using random selection.
· For further improvement, virtual location index (V-LID) which is derived from relative locations between UEs [5] can be utilized to select a parameter from the correspond set.  
· The selected DM-RS parameter is then used to generate a DMRS sequence.
An example of location-based DM-RS configuration is illustrated in Figure 12. UEs are divided into two groups. For each group, a set of DM-RS parameters is defined. The total number of DM-RS parameters () can be constrained to a value with reasonable blind detection complexity. RAN4 works are required to determine such constrain. UEs belong to the same group (a.k.a, having the same area ID) will select randomly from the corresponding set of DM-RS parameters. The determination of area ID can reuse the Zone_id determination introduced in Rel.14 LTE-V2X [6]. Proximal UEs in the same group usually can prevent collision with each other by sensing procedure. Therefore, it is allowed for them to select the same DM-RS parameter. Distant UEs in different group has high possibility of collision. It is beneficial to make sure that they select different DM-RS parameters. For UEs that are further apart, the interference would be weak even collision happens, the DM-RS parameter set can be reused.  
[image: ]
Figure 12. Example of location-based DMRS configuration
Proposal 11: Information of UE’s geographical location can be utilized to generate DM-RS sequence.

DM-RS for PSSCH
In the RAN1#AH1901 meeting, the following agreements have been achieved w.r.t. DM-RS for PSSCH.
Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.


According to the agreements, multiple DM-RS patterns can be supported at least in time domain. This is beneficial in terms of supporting different PSSCH durations, different mobility and different numerologies. NR Rel-15 has defined flexible DM-RS patterns applicable to various mini-slot lengths and numerologies. Therefore, at least NR Rel-15 DM-RS patterns can be used as a starting point for time domain DM-RS design. 
Furthermore, DM-RS in NR V2X should avoid overlapping with the guard period and the AGC symbol in the time domain. It can be straightforward to let DM-RS avoid guard and AGC symbols for its associated PSSCH. For another case, e.g. when PSSCH is multiplexed with symbol-level PSFCH in a FDM manner as shown previously, DM-RS should better also avoid overlapping with the guard and AGC symbols for PSFCH. Otherwise, the performance of channel estimation based on those DM-RS symbols can be compromised due to the AGC impact from PSFCH. The design of DM-RS patterns should take these into account.
Proposal 12: For PSSCH, NR Rel-15 DM-RS can be used as a baseline and DM-RS symbols need to avoid overlapping with AGC and guard symbols. 

Conclusions
In this contribution, we share some views on physical layer structures for NRV2X. Some design aspects are highlighted. The observations and proposals are summarized as follows.
Observation 1: From the perspective of effectively configuring sidelink resources, it is beneficial to configure separate resource pools for broadcast and unicast/groupcast.
Observation 2: From the perspective of interference mitigation, it is beneficial to assign different DM-RS sequences for colliding PSCCHs, especially for high AL case.
Proposal 1: For the PSFCH format which uses last symbol(s) available for sidelink in a slot, the symbol(s) ahead of PSFCH can serve as guard and AGC symbols. 
Proposal 2: Besides short PSFCH, long PSFCH can also be considered for NR V2X.
Proposal 3: For TDM between PSCCH/PSSCH and PSFCH, TDM should be guaranteed from the system/resource pool perspective.
Proposal 4: For FDM between PSCCH/PSSCH and PSFCH, FDM can be supported at least under the condition that the FDMed PSFCHs have the same length and are aligned within the slot.
Proposal 5: Slot-level bitmap can be considered as a starting point for time domain resource pool indication in NR V2X.
Proposal 6: In shared carrier scenario, at least a UL slot or a subset of consecutive UL symbols in a slot can be used for a sidelink transmission/reception. FFS whether flexible slot/symbol can be used for sidelink transmission/reception.
Proposal 7: At least cell-specific configured UL slot/symbol can be included in time domain resource pool and used for sidelink transmission.
· UE-specific configured UL slot/symbol can only be used for unicast and groupcast.
Proposal 8: Some methods to assure the low latency requirement should be further studied, e.g. dynamically increase the time domain resources contained in the resource pool.
Proposal 9: NR V2X sidelink should support 2-stage SCI.
Proposal 10: For PSCCH, the DM-RS mapping pattern of NR PDCCH (3 REs per RB) can be reused.
Proposal 11: Information of UE’s geographical location can be utilized to generate DM-RS sequence.
Proposal 12: For PSSCH, NR Rel-15 DM-RS can be used as a baseline and DM-RS symbols need to avoid overlapping with AGC and guard symbols. 
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Appendix: Simulation settings

[bookmark: _Ref528937019][bookmark: OLE_LINK57]Table 6: Link level simulation parameters for 1-stage/2-stage SCI based PSCCH simulations
	Parameter
	Value

	Carrier frequency
	6 GHz

	Sub-carrier spacing
	30 kHz

	System bandwidth
	40 MHz (106 PRBs)

	Channel model
	TR 37.885 V2V CDL Highway NLoSv

	Vehicle speed
	70 km/h

	Antenna configuration
	2Tx; 2Rx;

	Modulation order
	QPSK

	Codec
	Polar encoder, CRC aided, with 24 CRC bits 

	Payload bits(excluding 24bits CRC)
	27, 39, 81

	Aggregation length
	4,16

	PSCCH symbols
	1

	Control Channel Element (CCE)
	6 RBs

	DMRS 
	4-comb, present in all PSCCH symbols, but only in RBs allocated for PSCCH 

	Channel estimation
	Practical MMSE

	Receiver type
	MMSE



Table 7. Link level simulation parameters for PSCCH DM-RS
	Parameter
	Value

	Carrier frequency
	6 GHz

	Sub-carrier spacing
	30 kHz

	Channel model
	TR 37.885 V2V CDL Highway NLoSv

	Vehicle speed
	70 km/h (relative speed: 140km/h)

	Antenna configuration
	1Tx; 4Rx;

	Modulation order
	QPSK

	Codec
	Polar code

	Payload bits
	60 (including 24bits CRC)

	Aggregation length
	1, 2, 4, 8, 16

	Control Channel Element (CCE)
	2 PRBs x 3 OFDM symbols 

	DM-RS 
	4-comb, present in all PSCCH symbols, but only in RBs allocated for PSCCH 

	Frequency-domain orthogonal cover codes 
	[+1 +1] for the transmitting UE;
[+1 -1] for the receiving UE

	Channel estimation
	Practical MMSE

	Receiver type
	MMSE
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