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In the RAN1 #94bis meeting, the following agreements were made for physical layer structure of NR sidelink [1]: 
Agreements:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
Continue discussion on the waveform till next meeting – companies are encouraged to perform more analysis/evaluations.
Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink

Agreements:
At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95
Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text

In this contribution, we provide our views on 1) waveform and CP length; 2) multiplexing of PSCCH and PSSCH; 3) SFCI and its carrier; and 4) bandwidth part.
Waveform and CP Length
From the offline consensus in RAN1#94 and RAN1#94bis meetings, CP-OFDM will be adopted by NR sidelink. The remaining issue is whether DFT-S-OFDM should be supported for NR V2X as well. The main advantage of DFT-S-OFDM over CP-OFDM is its low PAPR and thus enhanced coverage. If the available link budget for NR V2X is sufficient, then there is no need to further enhance coverage.
Following the simulation assumptions in TR 37.885 and the agreed simulation profile in the RAN1#94bis meeting, we perform a link budget analysis for sidelink frequencies 6GHz and 30GHz. We assume that a 2dB power back-off is required by CP-OFDM compared with DFT-S-OFDM. Furthermore, we assume target SINR -3dB and an interference margin of 3dB. Table 1 shows the supportable communication range for different scenarios and link states. As can be seen, at sidelink frequency 6GHz in FR1, the supportable communication range is over 1000m for all link states except NLOS. Nevertheless, for vehicles at different streets, a communication range of 200m should be acceptable.
Observation 1: NR V2X has sufficient link budget in FR1 with CP-OFDM.
Considering sidelink frequency 30GHz in FR2, the supportable communication range decreases. However, if the use of FR2 in NR V2X is for increasing throughput under unicast and groupcast, where participating UEs are relatively close to each other on the same street, the supportable communication range is still acceptable. 
Table 1. Supportable communication range (2dB power back-off, target SINR -3dB, and interference margin -3dB).
	
	Highway
	Urban

	
	LOS
	NLOSv
	LOS
	NLOSv
	NLOS

	6GHz
	> 1000 m
	> 1000 m
	> 1000 m
	> 1000 m
	206 m

	30GHz
	> 1000 m
	452 m
	> 1000 m
	710 m
	87 m



If both DFT-S-OFDM and CP-OFDM are adopted, then many design aspects, e.g., reference signal, can be different. Also, it complicates the signaling among UEs. Considering the impacts on specification, we propose that DFT-S-OFDM can be introduced in future releases, if needed.
Proposal 1: CP-OFDM is the only waveform supported in Release-16 NR V2X.
Next, we discuss CP length for NR V2X. Due to the fact that timing advance is infeasible for broadcast and groupcast, CP in sidelink not only needs to combat multipath delay but also propagation delay. Table 2 lists the CP lengths supported in Release-15 NR for different subcarrier spacings (SCS). Note that extended CP is only supported for SCS 60kHz in Release-15 NR. Table 2 also lists the supportable communication ranges with no inter-symbol interference (ISI). The grey numbers in Table 2 mean that the values are not supported by Release-15 NR.
Table 2. NR CP length. (Extended CP is only supported for SCS 60 kHz in Release-15 NR.)
	
	Normal CP
	Extended CP

	Subcarrier spacing (kHz)
	15
	30
	60
	120
	15
	30
	60
	120

	CP length (μs)
	4.69
	2.34
	1.17
	0.59
	16.67
	8.33
	4.17
	2.08

	Communication range (m)
	1405
	703
	351
	176
	4997
	2498
	1249
	625



Extended CP enhances coverage but lowers spectral efficiency. Since NR V2X is mainly interference-limited, spectral efficiency has a higher priority than coverage. V2X basic safety messages are only broadcast within a local area and coverage is not the major concern. Since the ISI is resulted from distant UEs whose signals travel a long distance, such ISI experiences a high power loss comparing with the signal power of near UEs. Thus, the resulting interference on decoding the signal from near UEs is relatively small. On the other hand, slight ISI can be tackled by interference cancellation techniques depending on UE implementation or by robust solutions like lowering MCS, repetition, and/or HARQ retransmissions. Finally, we expect that FR2 is mainly used for short-range communications with LOS and thus the resulting ISI would be tolerable. Based on the above discussions, we propose that extended CP is not supported in Release-16 NR V2X.
Proposal 2: Only normal CP is supported in Release-16 NR V2X. 
Multiplexing of PSCCH and PSSCH
Figure 1, extracted from [2], illustrates four options for multiplexing PSCCH with the associated PSSCH. Options 1A, 1B, and 3 are TDM-like designs, while Option 2 is an FDM-like design. A TDM-like design is beneficial in terms of latency and power consumption. For an FDM-like design like Option 2, the receiving UE cannot start to decode PSSCH until the end of slot. Since some use cases in NR V2X has a latency requirement as low as 3ms [3], Option 2 is undesirable from the perspective of latency and UE implementation complexity. Furthermore, it is desirable that UEs can power down for the rest of a TTI if they learn from decoding PSCCHs that they are not scheduled for that TTI. Early termination has the advantage of power saving, but it is infeasible for an FDM-like design.
To have a moderate blind decoding complexity, the frequency resource of control channel are restricted to a fixed set of values, e.g., aggregation levels in NR downlink. On the other hand, the selection of frequency resources for data channel should be sufficiently flexible. In Option 1A, the frequency resources used by PSCCH and PSSCH are the same, which poses an unnecessary constraint on resource allocation for PSSCH, either blind decoding complexity has to increase or scheduling flexibility reduces. 
[image: ]
Figure 1. Multiplexing of PSCCH and the associated PSSCH.
Now we are left with Option 1B and Option 3. From a complexity perspective, it is undesirable that PSCCH and PSSCH follow separate and independent resource selection procedures. It is more natural that a UE first selects a time-frequency resource for PSCCH and PSSCH. In terms of resource efficiency, a UE should use all frequency resources in every symbol within a TTI. Then, Option 3 is preferable to Option 1B since Option 3 uses all available frequency resources. Furthermore, Option 1B may require a transient period if there is a large power imbalance between PSCCH and PSSCH [4].
Proposal 3: For multiplexing of PSCCH and the associated PSSCH, Option 3 is adopted in Release-16 NR V2X.
In the offline summary [4], two issues are raised for Option 3: 1) Control channel coverage can be smaller than those of Option 1A/1B; 2) Constraints on PSCCH precoding/ antenna virtualization due to FDM with multi-port PSSCH. We note that power boosting of PSCCH as in LTE V2X can also be considered to enhance the coverage of PSCCH. Besides, the coverage can be improved by allocating more symbols to PSCCH, e.g., up to 3 symbols. As for PSCCH precoding/ antenna virtualization, two aspects can be considered: Digital precoding and analog beamforming. First, different digital precoders can be applied to PSCCH and PSSCH even if they are FDMed. Second, due to high mobility, we do not expect NR V2X to use a sophisticated beam management. Therefore, it can be considered to apply the same analog beamforming for both PSCCH and PSSCH. Adjusting the digital precoder is enough to achieve high throughput. 
In order to reduce the SCI size, we propose that the starting frequency position of PSSCH can be directly inferred from the starting frequency position of PSCCH. Furthermore, as depicted in Figure 2, 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 inferred 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 2. 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 assignment (SA) is sent for resource reservation or preemption without the associated PSSCH within the same slot. Now the SA channel occupies a time-frequency resource alone without the associated PSSCH. Figure 3 presents several design options. Option 2 uses all available symbols in a slot, whereas Options 1A, 1B, and 3 uses either the first few symbols or the last few symbols. Options 1B and 3 assume that the SA channel and other UEs’ PSSCHs can overlap in frequency within a slot. 
Proposal 6: Study resource allocation of SA in cross-slot scheduling, if supported in NR V2X.


Figure 3. Resource allocation of SA in cross-slot scheduling.

SFCI and Its Carrier
In the RAN1#94bis meeting, sidelink feedback control information (SFCI) is 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.
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. Next, we consider the case where ACK/NACK is transmitted on PSCCH. In the following we assume that the multiplexing of PSCCH and PSSCH follows a TDM-like design such as Options 1 or 3. Assume that UE 1 transmits a packet to UE 2 in slot n. After decoding PSSCH, UE 2 sends ACK/NACK to UE 1. A potential issue of carrying ACK/NACK by PSCCH is latency. Considering UE processing time on PSSCH, it is challenging that UE 2 can send ACK/NACK in the beginning of slot n+1. If ACK/NACK is transmitted in slot n+2, then a retransmission from UE 2 can only be scheduled in slot n+3. The reason is explained below.
Due to half duplex, when UE 2 transmits ACK/NACK on PSCCH, UE 2 cannot decode 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, it is better for UE 2 to stay in transmit mode. UE 2 can transmit CSI on PSSCH to UE1 for facilitating link adaptation.
Similarly, from UE 1’s perspective, after UE 1 receives ACK/NACK, switching to transmit mode is useless because no SCI can be sent when receiving ACK/NACK. Thus, if ACK/NACK is transmitted on PSCCH, then each UE should not change the transmit/receive mode within the slot. 
Observation 2: If initial transmission is in slot n and ACK/NACK is transmitted on PSCCH, a retransmission can only be scheduled at the earliest in slot n+3.
Observation 3: Due to half duplex, if ACK/NACK is transmitted on PSCCH, the UE sending ACK/NACK cannot decode any PSSCH in that slot.
Now we consider the case where a separate channel is defined for carrying SFCI, which is termed “PSFCH” for convenience. Similar to the discussion in Section 3, a FDM-like channel is undesirable due to high latency. Then, to minimize the number of TX/RX switching within a slot, it is natural that this separate channel is placed in the end of slot. 
Proposal 7: If a new physical sidelink channel is introduced for SFCI, then it should be placed in the end of slot following a TDM-like design. 
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: If a dedicated physical channel is introduced for SFCI, the following two options for guard period are FFS:
· Option 1: Every slot has two guard periods, one in the beginning and one just before the channel carrying SFCI; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Similar to multiplexing of PSCCH and PSSCH, if a new physical sidelink channel is introduced for SFCI, then the multiplexing of the new channel and PSSCH should be further studied. 
Proposal 9: If a dedicated physical channel is introduced for SFCI, the following two options for multiplexing with PSSCH are FFS:  
· Option A: Exclusive time resource for the channel carrying SFCI;
· Option B: Within the time resource used by the channel carrying SFCI, 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 Figure 4.


Figure 4. Additional guard period and multiplexing of PSFCH and PSSCH.
Bandwidth Part
There are at least three main use cases for BWP operation in Release-15 NR:
· Use case #1: Support multiplexing UEs with different RF channel bandwidth capability within a carrier
· Use case #2: Support UE power saving by BWP adaptation
· Use case #3: Support mixed numerology within a carrier
[image: ]
Figure 5. Example illustration of NR spectrum sharing with adjacent LTE carrier by BWP operation.
Another use case is to share the spectrum with LTE when NR & LTE spectrums are adjacent to each other.  Figure 5 illustrates one example when NR transmission uses a different numerology than LTE carrier.
For the use case #1, it is not clear yet whether there will be a scenario to multiplex NR V2X UEs supporting different RF channel bandwidth capabilities within a carrier in the same release.  A potential scenario could be the coexistence of legacy UEs and advanced UEs.  For the use case #2, power consumption may not be a serious concern for vehicle mounted UEs and RSUs because they are either equipped with a large battery or electricity line.  However, power saving is still beneficial for pedestrian UEs though it could be achieved by resource pool with similar operation as BWP adaptation.  For the use case #3, the only benefit to support mixed numerology within a carrier is to multiplex services with different latency requirements.  However, it can be supported by single numerology (e.g., the minimal SCS to meet the most strict latency requirement among the supported services) as well, so it’s not clear about the necessity to support mixed numerology within a carrier.  For the use case of spectrum sharing between NR and LTE in adjacent channels, it could be the main motivation to support BWP in NR V2X.  This use case may be further extended for the coexistence with other RATs in adjacent channels.
In addition, BWP is advantageous for NR sidelink, from the perspective of specification effort, interworking with Uu interface, and forward compatibility. The definition of resource pool in LTE V2X has a lack of numerology and RF bandwidth, which can be easily complemented by bandwidth part. In shared licensed bands, sidelink may share spectrum with UL carrier. Placing resource pool within a BWP can save specification effort on upgrading the definition of resource pool. Finally, in the future NR sidelink may support other advanced applications, which may benefit from the features provided by BWP. Thus, introducing BWP in the early development of NR sidelink may be worth in the long term.
Observation 4: Power saving through BWP is beneficial for pedestrian UEs.
Observation 5: Spectrum sharing between NR and LTE in adjacent channels through BWP is beneficial for NR V2X sidelink coexistence with LTE V2X sidelink and other RATs in ITS spectrum.
Observation 6: Considering forward compatibility, it is better to support BWP from the first NR V2X release to avoid any potential backward compatibility issue in future releases.
Proposal 10: Bandwidth part is introduced in NR sidelink and Release-15 NR BWP is a starting point.
· Support multiple BWP configurations within a sidelink carrier
· FFS maximal number of BWP configurations
· Support single active BWP within a sidelink carrier
· Support multiple resource pools within a BWP
· FFS maximal number of resource pools within a BWP
In Release-15 NR, RRC signal, DCI and timer can be used for BWP adaptation within a carrier but not all of the schemes are needed in NR V2X sidelink.  It can be further discussed whether to support all of the BWP adaptation schemes or not and whether new BWP adaptation scheme is needed or not.  Since safety messages should be broadcast to all UEs, the configured BWPs should overlap with each other in the frequency domain and the overlapped radio resources are used for safety message broadcast.  Non-overlapped radio resources are used mainly for unicast & groupcast purposes.
Proposal 11: Further study whether DCI-based and timer-based BWP adaptation is needed in NR V2X sidelink or not.
Proposal 12: When multiple BWPs are configured within a sidelink carrier, the configured BWPs can overlap with each other.
· The overlapped radio resources are used for safety message broadcast
· Non-overlapped radio resources are used mainly for unicast & groupcast purposes
For the case of shared licensed carrier, in order to avoid a transient period between SL and UL, it is desirable that UL and SL share the same BWP configuration. Then, instead of configuring a SL BWP, gNB can notify the UE to use one of the configured UL BWP as SL BWP.
Proposal 13: Configuration of SL BWP can be inherited from UL BWPs.
Finally, we find it sufficient to support common SL BWP for TX and RX since 1) it is problematic to use different numerologies for TX and RX; and 2) we can use resource pool to assign different bandwidths for TX and RX.
Proposal 14: For NR V2X, there is no distinction between TX BWP and RX BWP, i.e., one common BWP is applied for both TX and RX.
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: NR V2X has sufficient link budget in FR1 with CP-OFDM.
Observation 2: If initial transmission is in slot n and ACK/NACK is transmitted on PSCCH, a retransmission can only be scheduled at the earliest in slot n+3.
Observation 3: Due to half duplex, if ACK/NACK is transmitted on PSCCH, the UE sending ACK/NACK cannot decode any PSSCH in that slot.
Observation 4: Power saving through BWP is beneficial for pedestrian UEs.
Observation 5: Spectrum sharing between NR and LTE in adjacent channels through BWP is beneficial for NR V2X sidelink coexistence with LTE V2X sidelink and other RATs in ITS spectrum.
Observation 6: Considering forward compatibility, it is better to support BWP from the first NR V2X release to avoid any potential backward compatibility issue in future releases.
Proposal 1: CP-OFDM is the only waveform supported in Release-16 NR V2X.
Proposal 2: Only normal CP is supported in Release-16 NR V2X. 
Proposal 3: For multiplexing of PSCCH and the associated PSSCH, Option 3 is adopted in Release-16 NR V2X.
Proposal 4: The starting frequency position of PSSCH can be directly inferred 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: Study resource allocation of PSCCH in cross-slot scheduling, if supported in NR V2X.
Proposal 7: If a new physical sidelink channel is introduced for SFCI, then it should be placed in the end of slot following a TDM-like design. 
Proposal 8: If a dedicated physical channel is introduced for SFCI, the following two options for guard period are FFS:
· Option 1: Every slot has two guard periods, one in the beginning and one just before the channel carrying SFCI; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Proposal 9: If a dedicated physical channel is introduced for SFCI, the following two options for multiplexing with PSSCH are FFS:  
· Option A: Exclusive time resource for the channel carrying SFCI;
· Option B: Within the time resource used by the channel carrying SFCI, PSSCH of the same UE or other UEs can occupy unused frequency resources.
Proposal 10: Bandwidth part is introduced in NR sidelink and Release-15 NR BWP is a starting point.
· Support multiple BWP configurations within a sidelink carrier
· FFS maximal number of BWP configurations
· Support single active BWP within a sidelink carrier
· Support multiple resource pools within a BWP
· FFS maximal number of resource pools within a BWP
Proposal 11: Further study whether DCI-based and timer-based BWP adaptation is needed in NR V2X sidelink or not.
Proposal 12: When multiple BWPs are configured within a sidelink carrier, the configured BWPs can overlap with each other.
· The overlapped radio resources are used for safety message broadcast
· Non-overlapped radio resources are used mainly for unicast & groupcast purposes
Proposal 13: Configuration of SL BWP can be inherited from UL BWPs.
Proposal 14: For NR V2X, there is no distinction between TX BWP and RX BWP, i.e., one common BWP is applied for both TX and RX. 
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