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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN plenary meeting #83, the work item of NR based V2X was agreed [1]. In general, NR V2X would support advanced V2X services defined by SA1 and the consolidated requirements for each use case group are captured in TR 22.886 [2]. RAN WGs have conducted the feasibility study on NR V2X, and it was concluded in TR 38.885 [3] that it is feasible to support advanced V2X services using the technical solutions identified during the study.
In last RAN1#96bis meeting, some agreements and a working assumption related to physical layer structure were reached [6]. 
Agreements:
· Polar code adopted for Rel-15 NR DCI is applied to PSCCH.
· LDPC codes used for Rel-15 NR DL-SCH is applied to a transport block delivered by PSSCH.

Agreements:
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.

Agreements:
· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· Other sizes are not precluded.

Agreements:
· QPSK is used for PSCCH.

Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
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
In this contribution, we discuss physical layer structure related aspects that are essential for NR sidelink, including the following topics:
· Multiplexing between PSCCH and PSSCH
· PSCCH/PSSCH resource allocation
· PSCCH design and DMRS
· DMRS design for PSSCH
· BWP operation
· PSFCH design
2. [bookmark: _Ref7100064][bookmark: OLE_LINK5]Multiplexing between PSCCH and PSSCH
[bookmark: OLE_LINK1]During the study, the following options for multiplexing of a PSCCH and associated PSSCH are studied and a working assumption was achieved [3].
Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
-	Option 1A: The frequency resources used by the two channels are the same.
-	Option 1B: The frequency resources used by the two channels can be different.
Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
Option 3: Part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
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Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.
For option 3, high spectrum efficiency can be achieved. However, different channels may collide if dynamic sharing between PSCCH and PSSCH is supported, especially for UEs operate in the idle state or out of coverage scenario. In RAN1#96b meeting, it was agreed that the starting symbol for a PSCCH is assumed to be known to the receiving UE before decoding the PSCCH, which could reduce the blind detection complexity of the receiving UEs. Furthermore, the first symbol most likely is used for AGC adjustment. Thus, PSCCH should be transmitted after the AGC symbol (i.e. the second symbol in a slot) to achieve better performance, especially considering that no HARQ combining is possible for PSCCH. With regard to the associated PSSCH, its starting symbol can be the same as PSCCH or even start from the first symbol in a slot. 
[bookmark: _Ref534613606]Proposal 1: For option 3 of multiplexing between PSCCH and PSSCH, PSCCH should start from the second symbol of the slot. The associated PSSCH could start from the same starting symbol of PSCCH or from the first symbol.
If only option 3 is allowed, it means that the resources used for PSCCH and the associated PSSCH always overlap in time, then, it cannot support cross-slot scheduling/reservation, because there is no associated data transmitted in the same slot. Note that in RAN1#96b meeting, the following were agreed for mode-2 resource allocation.
Agreements:
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
In our view, at least for mode-2a, cross-slot scheduling/reservation enables the sensing UE to acquire the resource allocation information in advance based on PSCCH decoding. Therefore, it is beneficial to support one-shot transmission or small scale sensing for autonomous resource allocation for aperiodic traffic, which would reduce the probability of collision as evaluated in [4]. Hence, it is beneficial to allow PSCCH and the associated PSSCH transmitting in non-overlapping time resources, to enable cross-slot scheduling/reservation.
Furthermore, option 1b is more aligned with open-loop power control mechanism. The PSCCH is likely to be transmitted in a broadcast manner for higher reliability and for the sake of sensing from other UEs. Therefore, it may be transmitted with higher power, regardless of the pathloss between the Tx and Rx UEs. At the same time, according to the unicast OLPC, the PSSCH would be transmitted in lower power considering the pathloss between the Tx and Rx UEs, in order to decrease the interference in NR V2X system. As a result, the Tx power of PSCCH and PSSCH could be different. More details are discussed in [8]. Compared with option 3, where the power of PSCCH and that of the associated PSSCH are assumed to be the same, for option 1b, as the PSSCH and PSCCH located in non-overlapped symbols, it supports independently power control for PSCCH and PSSCH.
According to the reply LS from RAN4 [5], when the RB configuration or total transmit power changes, transient period is needed. For option 1b, it could result in a different RB configuration/power spectral density for PSCCH and PSSCH. Therefore, transient period is required. Based on TS38.101, 10us is required for the transient period. Note that, such transient period is not an issue for cross-slot scheduling/reservation. On the other hand, even for option 3, transient period is required for more than one rank transmission. Moreover, as discussed above, due to the OLPC scheme, inevitably different Tx power are applied to PSCCH and PSSCH, which means that the transient period is required for option 3 either.
[bookmark: _Ref4780295]Observation 1: Transient period between PSCCH and PSSCH is required for option 3 for rank-2 transmission, or when different Tx power are applied to PSCCH and PSSCH according to the OPLC.
[bookmark: _Ref5042431]Proposal 2: For multiplexing between PSCCH and PSSCH, option 1b should be supported.
3. PSCCH/PSSCH resource allocation
During the study, the following agreements regarding resource pool and resource allocation were achieved [3].
Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
Agreements:
· Sub-channel based resource allocation is supported for PSSCH
Regarding PRB allocation in the frequency domain for PSSCH resource pool, we believe the same principle for time domain should apply to frequency domain as well. Thus, there should be no restriction in terms of continuous frequency domain resources to allow flexible and efficient resource pool management. Such flexibility is important for V2X operation in licensed spectrum, enabling better coexistence with Uu interface. Therefore, 
[bookmark: OLE_LINK6]Proposal 3: For frequency domain resources of a resource pool for PSSCH, the resource pool can consist of non-contiguous PRBs.
In above section 2, we discuss the multiplexing between PSCCH and the associated PSSCH. In our opinion, both option 3 and option 1b should be supported in NR V2X. In order to support flexible resource assignment for PSCCH and PSSCH, it is beneficial to design separate resource pools, one dedicated for PSCCH while the other dedicated for PSSCH, as illustrated in Figure 1. A separate resource pool for PSCCH may also be beneficial to reduce the complexity of blind decoding for PSCCH. 


[bookmark: _Ref528684711]Figure 1 Resource pool structure
[bookmark: _Ref534613641]Proposal 4: Dedicated resource pools for control and data respectively should be supported for NR sidelink.
In RAN1#96b, there is a proposal to separate resource pools based communication types, i.e., unicast, groupcast and broadcast in [9]. The argument is to ensure that there is no contention for resources across different communication types and would enable the efficient segregation of resources based on the requirements to be met. However, we believe such resource pool design will lead to resource waste due to the unpredictability of traffic load of each communication type. Furthermore, considering the dynamic nature of traffic load, the feasibility to know the load for each communication type and to adaptively allocate resource correspondingly needs to be proved. On the contrary, allowing sharing a resource pool for unicast, groupcast and/or broadcast should be supported for efficient resource utilization.  
[bookmark: OLE_LINK5a]Proposal 5: For a given UE, a resource pool can be used for any combination of unicast, groupcast, and broadcast.
For PSCCH, sub-channel can be considered to reduce the overhead of resource allocation. It can also reduce the blind decoding complexity of PSCCH. Particularly, in the TDM resource pool, it is better that PSCCH and PSSCH follow a single sensing procedure. So we propose
[bookmark: _Ref528686508]Proposal 6: Sub-channel based resource allocation is supported for PSCCH.
4. PSCCH design and DMRS
Note that in RAN1#96b meeting, the following were agreed for mode-2 resource allocation.
Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X
As discussed in Section 2, at least for mode-2, it is beneficial to support standalone PSCCH transmission for sensing and autonomous resource allocation, some details can be found in our companion contribution [4]. Furthermore, standalone PSCCH can also be used for CSI report trigger. For a standalone PSCCH transmission, there is no associated PSSCH from the transmitter UE in the same slot. There should be a GP symbol following the last PSCCH symbol. A UE sending PSCCH can still receive data in the rest of symbols in the slot that is scheduled by other UEs in the previous slots. 


[bookmark: _Ref534916537]Figure 2 An example of standalone PSCCH 
[bookmark: OLE_LINK7a]Proposal 7: Standalone PSCCH transmissions are supported in NR V2X.
[bookmark: _Ref534919184]Proposal 8: GP is required between standalone PSCCH and the rest of symbols if those symbols are used for PSSCH transmission scheduled by other UEs.
Regarding the number of symbols for PSCCH, we feel that Rel-15 NR PDCCH design is a good starting point where the duration of PSCCH can be up to three symbols. Not only does it provide the capability and performance to carry the expected SCI contents but also reduce the specification effort in terms resource allocation/mapping and even DMRS design for PSCCH if.
[bookmark: OLE_LINK9a]Proposal 9: Up to 3 OFDM symbols are used for PSCCH.
If up to 3 OFDM symbols are used for PSCCH, then DMRS design in Rel-15 NR PDCCH can be a starting point for NR V2X PSCCH as well. The pattern is illustrated in Figure 3.
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[bookmark: _Ref534612468]Figure 3 DMRS pattern for PSCCH of 2 OFDM symbols
The performance of PSCCH is evaluated in the ITS band. In this simulation, the non-interleaved mapping is assumed. Various aggregation levels, configurations of the antenna and SCS are evaluated under a relative speed of 500km/h. The payload size of PSCCH is 39 bits (not including CRC). Polar coding is applied for PSCCH transmission. The detailed simulation parameters are listed in Table 4 in the Appendix.
· PSCCH 5.9GHz QPSK-39bits
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	(a) 15 KHz, 2 symbols
	(b) 30 KHz, 2 symbols

	Figure 4 Performance evaluation for PSCCH QPSK of 2 OFDM symbols


The results show that the configuration of the higher aggregation level is beneficial. If the required BLER is 1%, and the target SNR is -6 dB, higher aggregation level and multiple antenna configurations are required. 
[bookmark: _Ref528959479]Observation 2: The following are beneficial for the performance of PSCCH: 
· High aggregation level 
· Multiple antenna configurations.
[bookmark: OLE_LINK10a]Proposal 10: Rel-15 NR PDCCH DMRS mapping (i.e., single port and comb-4) is used as the DMRS mapping for PSCCH.
5. DMRS design for PSSCH
During the study, the following agreements regarding reference signals were achieved [3].
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.
In this section, we evaluate the performance of Rel-15 DMRS design when it is applied in NR V2X and propose some improvements to make it more suitable for NR sidelink.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36]In NR system, the DMRS pattern for PDSCH is flexible, which contains front-loaded DMRS and additional DMRS. In order to achieve robust channel estimation, up to three additional DMRS are supported. However, the maximum relative speed for NR V2X is 500 km/h, which will result in severe Doppler Effect. In the following simulation, we evaluate the performance of PSSCH taking into account AGC and GP symbols, with different relative UE speed and different numerologies. The DMRS patterns for evaluation are illustrated in Figure 5 with different number of OFDM symbols in time domain (left) and different comb structures in frequency domain (right).
[image: ]                                 [image: ]
[bookmark: _Ref525755509][bookmark: _Ref534612631]Figure 5 Evaluated DMRS pattern for PSSCH in time domain (left) and frequency domain (right)
In the simulation, a 1Tx-2Rx CP-OFDM system is assumed, with subcarrier spacing of 15 KHz, 30 KHz and 60 KHz with normal CP at 5.9 GHz. The modulation scheme is QPSK and the code rate is 1/2. LDPC coding is applied for PSSCH transmission. The detailed simulation assumptions are listed in Table 4 shown in the Appendix.
· PSSCH 5.9GHz 15k QPSK-0.5
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	[bookmark: OLE_LINK8](a) 140km/h, 300ns
	(b) 500km/h, 100ns

	[bookmark: _Ref525914972][bookmark: _Ref534612890]Figure 6 Performance evaluation for PSSCH QPSK-0.5 with 15KHz SCS


· PSSCH 5.9GHz 30k QPSK-0.5 
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	(a) 140km/h, 300ns
	(b) 500km/h, 100ns

	[bookmark: _Ref525913644][bookmark: _Ref534613233]Figure 7 Performance evaluation for PSSCH QPSK-0.5 with 30KHz SCS


· PSSCH 5.9GHz 60k QPSK-0.5
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	(a) 140km/h, 300ns
	(b) 500km/h, 100ns

	[bookmark: _Ref525915740][bookmark: _Ref534613245]Figure 8 Performance evaluation for PSSCH QPSK-0.5 with 60KHz SCS


It is observed that the performance of PSSCH increases as DMRS density (i.e., the number of DMRS) in frequency domain increases for the same subcarrier spacing. Note that although the performance of comb 6 is worse than that of comb 2 and comb 4 for a given SCS, it may still satisfy the performance requirement in some scenarios. For example, the performance difference of comb 6 compared to that of comb 2 and/or comb 4 is small at least for 15 KHz and 30 KHz SCS configurations. On the other hand, comb 6 is beneficial to reduce the overhead, which is especially important for sidelink considering the overhead of AGC and GP symbols. Therefore, reduction of DMRS density in frequency domain should be supported at least for small SCS configurations.
[bookmark: _Ref525922773]Observation 3: The performance of DMRS comb 6 is acceptable at least for 15 KHz and 30 KHz SCS configurations.
[bookmark: _Ref525921617][bookmark: _Ref534613667]Proposal 11: Multiple DMRS patterns in frequency domain are supported for PSSCH.
Similar observations can be made on DMRS density in time domain where the performance of PSSCH increases as DMRS density (i.e., the number of DMRS) in time domain increases for the same subcarrier spacing. In particular, it is observed that high DMRS density is required for high speed scenario. For example, it is observed from Figure 6(b) that, in the high-speed scenario, the performance of 15 KHz with 4 DMRS in time domain may not meet the requirement. Figure 9 illustrates some DMRS pattern enhancement compared to Rel-15 DMRS configuration type 1 and type 2. Case 1-1 is DMRS pattern with 4 DMRS for 15/30 KHz with NCP and case 1-2 is DMRS pattern with 4 DMRS for 60 KHz with ECP. Both of them are Rel-15 NR DMRS pattern as the baseline. Case 1-3 is DMRS pattern with 6 DMRS for 15 KHz with NCP, case 1-4 is DMRS pattern with 3 DMRS for 60 KHz with ECP and case 1-5 is DMRS pattern with 2 DMRS for 60 KHz with ECP.
 [image: C:\Users\vivo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\type1.png]   [image: C:\Users\vivo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\type2.png]
[bookmark: _Ref534612988]Figure 9 DMRS pattern enhancement examples, configuration type1 (left) and configuration type 2 (right)
[bookmark: _Ref525804390]It has been agreed to support different numerologies for NR V2X.  The following Table 1 and Table 2 summarize their corresponding CP and DMRS overhead assuming DMRS configuration type 1 and type 2 respectively. 1 ms slot in 20 MHz bandwidth is assumed in the calculation. Note that both 15 KHz with NCP and 60 KHz with ECP can meet the maximum communication range requirement. However, the existing baseline NR DMRS pattern for 15 KHz with NCP cannot meet the performance requirement in high-speed scenario. On the other hand, the usage of 60 KHz with ECP results in high overhead even though the performance and communication range requirement can be met.
[bookmark: _Ref534613151]Table 1 CP and DMRS overhead of different numerologies for DMRS configuration type 1
	
	CP length (us)
	Meet the maximum communication range requirement (1000 m)
	CP+DMRS overhead

	
	
	
	NR baseline
	Enhancement

	15 KHz w/ NCP
	4.69
	Y
	20% (case 1-1)
	26.7% (case 1-3)

	30 KHz w/ NCP
	2.35
	N
	20% (case 1-1)
	

	60 KHz w/ ECP
	4.17
	Y
	33.3% (case 1-2)
	30% (case 1-4)
26.7% (case 1-5)


[bookmark: _Ref534613169]Table 2 CP and DMRS overhead of different numerologies for DMRS configuration type 2
	
	CP length (us)
	Meet the maximum communication range requirement (1000 m)
	CP+DMRS overhead

	
	
	
	NR baseline
	Enhancement

	15 KHz w/ NCP
	4.69
	Y
	14.6% (case 2-1)
	19.9% (case 2-3)

	30 KHz w/ NCP
	2.35
	N
	14.6% (case 2-1)
	

	60 KHz w/ ECP
	4.17
	Y
	28.9% (case 2-2)
	26.7% (case 2-4)
24.4% (case 2-5)


[bookmark: _Ref534613674]During the study, there was discussion whether a DMRS pattern is selected based on the subcarrier spacing, and whether single or multiple DMRS pattern(s) per resource pool is used. In our view, although subcarrier spacing is an important factor to determine a DMRS pattern, it is not the only factor. Other factors such as UE speed should also be considered when select DMRS pattern. Looking at the results of Figure 6(a), Figure 7(a) and Figure 8(a), a lower density of DMRS in time domain may meet the BLER requirements with lower overhead, at least for low speed scenario. For example, 2 DMRS symbols in time domain may provide sufficient performance for low speed scenario while 4 DMRS symbols is required when the relative velocity is 350 km/h as shown in Figure 10. Therefore, for a specific subcarrier spacing, multiple DMRS patterns should be defined to provide flexibility and to allow efficient V2X operation. Consequently, for a resource pool, multiple DMRS patterns are defined.
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	(a) 30km/h
	(b) 350km/h


[bookmark: _Ref534613503]Figure 10 Performance evaluations for PSSCH 15 KHz, QPSK
[bookmark: _Ref521358504]In general, multiple DMRS patterns with variable DMRS density in both time and frequency domain are beneficial for NR V2X due to various application scenarios and the tradeoff between performance and overhead. Furthermore, such patterns should be configurable for NR sidelink depends on different factors such as UE speeds, SCS etc.
[bookmark: _Ref525804395][bookmark: _Ref534613687]Proposal 12: Multiple DMRS patterns are defined for a subcarrier spacing and multiple DMRS patterns are configured for a resource pool.
[bookmark: OLE_LINK13a]Proposal 13: The DMRS pattern used by the transmitter UE for PSSCH transmission is indicated to the receiver UEs.
6. BWP operation
During the study, the following agreements regarding SL BWP were achieved [3].
Agreements:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· only one SL BWP is configured in a carrier for a NR V2X UE
· Numerology is a part of SL BWP configuration. 
Agreements:
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
· The configuration of SL BWP
Some UEs might not be capable of supporting the entire carrier bandwidth, thus a narrow band can be used to serve such UEs. Furthermore, UE can be configured with different bandwidths so that it can achieve power saving which may be especially beneficial for pedestrian UE (PUE). 
In previous RAN1 meetings, it was agreed that only one SL BWP is configured in a carrier. In order to support broadcast transmission in SL, a common SL resource pool is needed for all the NR V2X UEs. In order to support broadcast transmission, UEs should be configured with the same numerology. Consequently, SL BWPs for UEs should be overlapped with the same numerology within an area to support broadcast transmission. Figure 11 illustrates the common SL BWP configuration in idle and connected mode.
	

	



[bookmark: _Ref962567]Figure 11 Common SL BWP in idle mode (left) and dedicated SL BWP in connected mode (right)
The SL BWP may be pre-configured, or provided by SIB or dedicated RRC signaling, as described in Table 3. 
For in-coverage UE, the common SL BWP can be configured by SIB, where the bandwidth is restricted to the minimum UE capability. It is applicable also for RRC connected mode UE, unless reconfigured by dedicated RRC signaling. Such reconfiguration is beneficial in order to improve the spectrum efficiency and to avoid collision and congestion in SL. For example, the high capability UE can be configured with the non-overlapping resource pool in a wider BWP, for specific unicast and groupcast transmissions. By this way, load balancing can be achieved, and congestion in the common resource pool [7] can be avoided. 
[bookmark: _Ref956576]Table 3 Applicable configuration methods for SL BWP
	
	Pre-configuration
	SIB
	RRC signaling
	Configuration method

	Out of coverage
	Yes
	-
	-
	Pre-configuration

	In coverage, RRC idle mode
	Yes
	No
	-
	Pre-configuration

	
	Yes
	Yes
	-
	SIB

	In coverage, RRC connected mode
	Yes
	No
	No
	Pre-configuration

	
	Yes
	Yes
	No
	SIB

	
	Yes
	Yes/No
	Yes
	Dedicated RRC signal


[bookmark: _Ref957092]Observation 4: In connected mode, UE-specific SL BWP configured by dedicated RRC signaling is beneficial for performance improvement (e.g., reliability, throughput, resource utilization).
· The relationship between SL BWP and Uu BWP
It was agreed that configuration for SL BWP is separated from Uu BWP configuration signaling. Therefore, the SL BWP and Uu BWP can be configured independently. However, the relationship between SL BWP and Uu BWP should be discussed for limited UE capability.
If UE supports only one Tx RF and one Rx RF, SL BWP and DL BWP should be confined in the UE Rx RF bandwidth in the same carrier. Similarly, SL BWP and UL BWP are confined in the UE Tx RF bandwidth in the carrier as illustrated in Figure 12. The gNB is aware of the UL and DL bandwidth capability from the UE capability reports. Therefore, it should be up to the gNB to ensure the SL BWP and UL/DL BWP are located such that their aggregated bandwidth does not exceed the RF bandwidth of a UE.


[bookmark: _Ref965245]Figure 12 Relationship between SL BWP and Uu BWP in the same carrier
For the relationship with UL BWP, only when the following conditions are supported, UE could support UL BWP and SL BWP at the same time in the same carrier.
· The numerologies of SL BWP and UL BWP are the same
· The SL BWP and UL BWP are confined in the UE Tx RF bandwidth.
For the relationship with DL BWP, in NR Rel-15, UE only supports the same numerology for UL (except SUL) and DL in the same carrier according to the definition of UE capability. Therefore, if the numerology for SL BWP were the same as UL BWP, it would be the same as the DL BWP. 
· Deactivation/activation for SL BWP
According the analysis above, if a UE receives a DCI indicating the UL BWP switching, and the above conditions cannot be satisfied after the new UL BWP activated, the UE cannot operate in the SL BWP. As discussed above, the gNB is responsible for proper provision of SL, UL and DL BWP. Therefore, if the gNB triggers UL BWP switching that results in a UE cannot support SL BWP and UL BWP simultaneously, the UE automatically deactivate the SL BWP. Figure 13 illustrates SL BWP activation/deactivation with UL BWP switching.
[image: ]
[bookmark: _Ref962604]Figure 13 SL BWP activation/deactivation
[bookmark: _Ref957147]On the other hand, if a BWP change occurs for a UE due to expire of BWP inactivity timer, the UE should fall back to the default BWP. It is the gNB’s responsible to ensure the SL BWP is compatible with the default BWP in order to maintain the QoS requirement of the V2X service. 
[bookmark: OLE_LINK7]Proposal 14: Configuration of SL BWP is up to the gNB implementation.
[bookmark: _Ref957152]Proposal 15: If SL BWP and UL BWP are not configured with the following conditions, UE should deactivate SL BWP. 
· The numerologies of SL BWP and UL BWP are the same. 
· The SL BWP and UL BWP are confined in the UE Tx RF bandwidth.
In NR Rel-15, the activation timing is aligned with subframe in FR1 and is aligned with half-subframe in FR2. For NR V2X, the activation timing can be reused.
[bookmark: _Ref957155]Proposal 16: The activation timing of SL BWP is the same as that of indicated UL BWP.
7. PSFCH design
According to the WID [1], only HARQ ACK/NACK information is carried on PSFCH. In the case of HARQ feedback for groupcast, single bit feedback is needed. Then, it is natural to support PSFCH format similar to NR PUCCH format 0. On the other hand, as discussed in [8], CBG-based HARQ feedback may be supported for unicast, where more than one bit is required. Thus, PSFCH based on PUCCH format 2 can also be supported.
[bookmark: OLE_LINK17a]Proposal 17: At least PSFCH formats based on NR PUCCH Format 0 and Format 2 is are supported.
In RAN1#96bis meeting, it was agreed that from transmission perspective of a UE in a carrier, TDM between PSCCH/PSSCH and PSFCH is allowed. There is an FFS point whether it is also applicable from system/resource pool perspective or not. The argument for it to be applicable in system perspective is that such alignment of operation is needed due to half duplex of UEs. On the other hand, a strictly synchronized operation of UEs transmitting and receiving in the whole system may be too restrictive, which in turn may reduce the flexibility and/or resource utilization efficiency. For example, there could be simultaneous transmission of PSCCH/PSSCH and PSFCH from different unicast UE pairs if they are not the transmitter and receiver UEs at the same time.  Further study and evaluation on the multiplexing is needed.
8. Conclusion
In this contribution, we have provided our considerations on the design of physical layer structure for NR sidelink. Some observations are as follows:
Observation 1: Transient period between PSCCH and PSSCH is required for option 3 for rank-2 transmission, or when different Tx power are applied to PSCCH and PSSCH according to the OPLC.
Observation 2: The following are beneficial for the performance of PSCCH: 
· High aggregation level 
· Multiple antenna configurations.
Observation 3: The performance of DMRS comb 6 is acceptable at least for 15 KHz and 30 KHz SCS configurations.
Observation 4: In connected mode, UE-specific SL BWP configured by dedicated RRC signaling is beneficial for performance improvement (e.g., reliability, throughput, resource utilization).
Based on the discussion, we have the following proposals:
Proposal 1: For option 3 of multiplexing between PSCCH and PSSCH, PSCCH should start from the second symbol of the slot. The associated PSSCH could start from the same starting symbol of PSCCH or from the first symbol.
Proposal 2: For multiplexing between PSCCH and PSSCH, option 1b should be supported. 
Proposal 3: For frequency domain resources of a resource pool for PSSCH, the resource pool can consist of non-contiguous PRBs.
Proposal 4: Dedicated resource pools for control and data respectively should be supported for NR sidelink.
Proposal 5: For a given UE, a resource pool can be used for any combination of unicast, groupcast, and broadcast.
Proposal 6: Sub-channel based resource allocation is supported for PSCCH.
Proposal 7: Standalone PSCCH transmissions are supported in NR V2X.
Proposal 8: GP is required between standalone PSCCH and the rest of symbols if those symbols are used for PSSCH transmission scheduled by other UEs.
Proposal 9: Up to 3 OFDM symbols are used for PSCCH.
Proposal 10: Rel-15 NR PDCCH DMRS mapping (i.e., single port and comb-4) is used as the DMRS mapping for PSCCH.
Proposal 11: Multiple DMRS patterns in frequency domain are supported for PSSCH.
Proposal 12: Multiple DMRS patterns are defined for a subcarrier spacing and multiple DMRS patterns are configured for a resource pool.
Proposal 13: The DMRS pattern used by the transmitter UE for PSSCH transmission is indicated to the receiver UEs.
Proposal 14: Configuration of SL BWP is up to the gNB implementation.
Proposal 15: If SL BWP and UL BWP are not configured with the following conditions, UE should deactivate SL BWP. 
· The numerologies of SL BWP and UL BWP are the same. 
· The SL BWP and UL BWP are confined in the UE Tx RF bandwidth.
Proposal 16: The activation timing of SL BWP is the same as that of indicated UL BWP.
[bookmark: _GoBack]Proposal 17: At least PSFCH formats based on NR PUCCH Format 0 and Format 2 are supported.
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Appendix
[bookmark: _Ref521664105]Table 4 Link level evaluation assumption
	Assumption
	Value

	Carrier frequency
	5.9 GHz

	Waveform
	CP-OFDM

	Subcarrier spacing
	15 KHz, 30 KHz, 60 KHz

	Transmission layers for PSSCH
	1 layer

	Modulation order
	QPSK

	Chanel model
	TDL-A

	Delay spread
	100ns, 300ns

	Relative velocity
	500km/h, 140km/h

	Channel estimation method
	MMSE, non-ideal

	Punctured symbol
	AGC, GP, DMRS

	PSSCH

	TBS
	190bytes, 300bytes

	Channel coding
	LDPC

	Antenna configuration
	1Tx - 2Rx

	DMRS pattern in the time domain
	2 DMRS: <2, 11>
3 DMRS: <2, 7, 11>
4 DMRS: <2, 5, 8, 11>
5 DMRS: <2, 4, 6, 9, 11>
6 DMRS: <1, 3, 5, 7, 9, 11>

	DMRS pattern in  the frequency domain
	Comb 2: <0 2 4 6 8 10>
Comb 4: <0 4 8>
Comb 6: <0 6>

	PSCCH

	Payload (without CRC)
	39bits

	Channel coding
	Polar

	Antenna configuration
	1Tx - 2Rx, 1Tx - 4Rx, 2Tx - 4Rx

	Aggregation level
	2, 4, 6, 8, 16

	Time domain resource
	2 symbols

	Frequency domain resource 
	48 PRBs
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