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1. Introduction
In RAN#80, the study item of study on NR V2X was created to support advanced V2X services [1]. In the last RAN1#94bis meeting, the following agreements were reached [2]

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 wavefom 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 make further discussions on NR V2X sidelink physical layer structures and procedures and propose some observations and proposals. 

2. Discussion of NR V2X sidelink physical layer structures and procedures
2.2 Waveform for sidelink
NR sidelink shall support FR2 operation, as well as FR1 operation, based on SID [1] as
	Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.


As for “a common sidelink design for both FR1 and FR2”, sidelink waveform shall accommodate both FR1 and FR2 as well. The comparison for the two candidate waveforms can be summarized in the comparison table Table 1:
[bookmark: _Ref525822256]Table 1    Comparison of CP-OFDM and DFT-S-OFDM waveform for V2X sidelink
	
	CP-OFDM
	DFT-S-OFDM

	Support of high throughput
	good
	good

	Scalability with various subcarrier spacing
	yes
	Yes

	Flexibility in frequency domain resource allocation
	flexible
	Not flexible due to the maintenance of single carrier property

	PAPR property
	Poor due to OFDM waveform
	Good

	Coverage with full power transmission
	good
	Better than CP-OFDM due to its better PAPR property



The major drawback of DFT-S-OFDM is its inflexibility in frequency domain allocation. The allocated subcarriers have to be either continuous or uniformly distributed to maintain its single carrier property for DFT-S-OFDM. Potential frequency domain multiplexing would be quite limited for DFT-S-OFDM. On the other hand, the benefit of DFT-S-OFDM is its low PAPR property, which potentially provides better coverage than CP-OFDM for full power transmission. This could be beneficial for FR2 operation where coverage (or transmission range) is a more important design factor. Considering the comparison between CP-OFDM and DFT-S-OFDM, and FR1 has higher priority than FR2, we can consider to support CP-OFDM, at least for FR1 operation.
Proposal 1: Support CP-OFDM as sidelink waveform design, at least for FR1.
There was discussion in the last RAN1 meeting to support multiple waveforms for different channel. For example, sidelink control channel may use DFT-S-OFDM while sidelink data channel may use CP-OFDM. While this approach might have its benefits in providing better coverage performance for control channel, its drawback is also obvious. All sidelink UE will maintain two processing units for two waveforms. Therefore, we propose
Proposal 2: Support single waveform design for sidelink physical data channel PSSCH and control channel PSCCH.

2.2. Numerology for sidelink
At the RAN1-94bis meeting, it was agreed that 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 and the supported CP length is FFS.  In Rel-15 NR Uu definition, the normal CP length is supported for all the SCSs and the extended CP length is supported only for SCS of 60 kHz. The CP lengths for all the SCSs are listed in table 2. 
In sidelink transmissions, the transmitter makes the transmission timing control with its synchronization source timing as reference. Hence, in the receiver perspective, the CP length need to accommodate not only the multi-path channel delay spread, but also the propagation delays and the potential timing errors for different transmitters. In particular, the propagation delay difference for the simultaneous near and far transmitters impose more strict requirements for the CP length of the sidelink transmissions. However, the Rel-15 Uu provides flexible support for various CP durations e.g. {4.7, 2.3, 1.2 us} for FR1 and {4.2, 1.2, 0.6 us} for FR2, which may be enough to support the sidelink transmissions. Here it is assumed that only normal CP is used in FR1 while normal or extended CP is used for FR2 considering that the normal CP length 1.2us for SCS 60 kHz may not be sufficient for some usage scenarios in FR2.  Note that with the CP configurations, it means that the V2X sidelink services can be arranged to different carriers each with different numerology configurations, e.g. in FR1 the V2X sidelink service that requires large transmission range can be scheduled to the carrier with 15 kHz SCS and other services can be scheduled to the carrier with larger SCS. 
 
Table 2: Duration values for various SCS parameters
	Subcarrier spacing (kHz)
	OFDM symbol duration (us)
	CP duration (us) 
	CP overhead 

	15
	66.67
	4.7
	6.6%

	30
	33.33
	2.3
	6.6%

	60
	16.67
	1.2 (4.2*)
	6.6% (20%*)

	120
	8.33
	0.6
	6.6%


			                 Note: * For the extended CP. 

Proposal 3: NR sidelink supports the CP lengths supported by Rel-15 NR Uu.

2.3 Reference signal for sidelink
The reference signal for physical sidelink channels include DM-RS and other potential reference signals e.g. PT-RS and CSI-RS/SRS. The DM-RS can be used to make time/frequency synchronization refinement and channel estimation for coherent data detection. In RAN1-94 meeting, it was agreed that DM-RS defined in Rel-15 NR Uu is the starting point for NR sidelink DM-RS design. In Rel-15 NR Uu, there are two types of DM-RS configurations defined for NR PUSCH and PDSCH, i.e. type-1 and type-2 DM-RS configurations. These two types of DM-RS begin with front-loaded one (or two) DM-RS symbols optionally followed by at most three additional DMRS symbols (pairs) as per configurations. Figure 1 shows an example of the two DM-RS configuration types in type A PDSCH/PUSCH mapping. 


                    
Figure 1: Example of type-1(left) and type-2(right) DM-RS configurations (assumed front-loaded with three additional DM-RS symbols configured)
In comparison with type-1 DM-RS, type-2 DM-RS configurations can support more antenna ports at the cost of fewer DM-RS REs per port per PRB. The larger density of type-1 DM-RS is beneficial for improving channel estimation accuracy and sidelink reliability, thus type-1 DM-RS structure may be preferred. Additionally, in some specific usage scenarios e.g. unicast or groupcast for the vehicles moving in the same direction or lane (e.g. platooning use case), the effective mobility of the sidelink is quite small, thus two DM-RS symbols may be enough to achieve reliable sidelink performance. Motivated by this, DM-RS with dynamic configuration of two or four symbols could be considered. 
Proposal 4: Rel-15 NR Uu type-1 DM-RS configuration could be used for physical sidelink channels. The number of DM-RS symbols per slot may be dynamically configured. 
In NR V2X sidelink transmissions, more diverse traffic types will be supported, including e.g. aperiodic traffic, periodic traffic with fixed or varied packet sizes, which may lead to more serious collision situations. Thus, the NR V2X sidelink design shall be resilient to the potential collision interference. From DM-RS point of view, some form of orthogonalization between the DM-RS signals of the colliding UEs could benefit the mitigation of the collision interference. In general, the orthogonalization of the colliding DM-RS signals could be implemented through orthogonal multiplexing of the DM-RS signals/resources in CDM, FDM, or TDM. For CDM multiplexing, it is generally required that the colliding DM-RS signals use the same base sequences but with different cyclic shifts and/or orthogonal cover codes. For TDM or FDM, different DM-RS REs are used for the DM-RS signals of the colliding UEs. For example, with the type-1 DM-RS configuration, if the two colliding UEs use DM-RS for antenna port 0/1 and DM-RS for antenna port 2/3 respectively, the DM-RS signals could avoid the colliding interference thus may greatly improve channel estimation performance which could further mitigate the collision interference on data signals (e.g. through MMSE-IRC detectors). Within context of type-1 DM-RS configuration, the FDM multiplexing (i.e. through comb offset of 0 or 1) of the DM-RS signals seems more straightforward than other multiplexing ways of CDM and FDM. The orthogonalization with different comb offsets could be configured by network (in mode 1) or selected by UEs adaptively based on channel sensing (in mode 2). The configured/selected DM-RS comb offset could be dynamically indicated in physical control channels. 
Figure 2 shows some link level simulation results for the interference-limited scenario. In the simulations, the useful signal collides with one interference signal. Both useful and interference signals have one data layer and use the type-1 DM-RS configuration with same or different comb offsets. The useful signal and interference signal use different base DM-RS sequences. From the simulation results, we can get the following observations.
Observation 1: In case of interference-limited scenarios, DM-RS orthogonalization (e.g. through different DM-RS comb offsets) can greatly improve the interference suppression capability especially for advanced receivers (e.g. MMSE-IRC). 
[image: ]
(a) QPSK, 1/2-LDPC
[image: ]
(b) 16QAM, 1/2-LDPC

Figure 2: Evaluation results in interference-limited scenarios with different DM-RS usage

Proposal 5: Discuss the support for orthogonal DM-RS signals for potential colliding UEs. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.4 Bandwidth parts and resource pool
In NR Rel-15, motivated by the need to support UEs with bandwidth capability smaller than the network carrier bandwidth and also to support efficient power saving of the UEs, the concept of bandwidth part (BWP) was introduced. The BWP is comprised of a set of continuous PRBs with specific SCS configuration. In NR Rel-15, up to four BWPs could be configured for the UE, but only one BWP can be active at any time as per the configuration of the gNB. The BWP resembles the component carrier and the NR V2X sidelink transmission can occur in one of the potential multiple BWPs. A potential different aspect of BWP usage for NR V2X is that the vehicle UE may autonomously activate one BWP for its sidelink transmission as per e.g. load conditions of different BWPs or traffic performance requirements. 
In previous meeting, it was agreed that resource pool is supported for NR sidelink and resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception. One or multiple resource pools can be configured in one BWP (if supported) with the system information or dedicated signaling and the multiple resource pool configuration can enable some enhanced features, e.g. the vehicle UE selects the specific resource pool that corresponds to the zone that the UE is located such that the proximate UEs use the same resource pool to reduce the impact of in-band emission interference on the system performance, as supported in LTE V2X. 
Regarding whether a resource pool consists of contiguous resources in time and/or frequency, the resource pool configuration approach used in the LTE V2X sidelink can be reused for NR sidelink. In particular, in frequency domain, the non-contiguous configuration can acquire some frequency diversity but on the other hand it may increase spectrum segmentation and may suffer some performance loss to some extent due to the potential degraded in-band emission interference and channel estimation loss. From this perspective, the contiguous resource configuration in frequency is preferred. In time domain the bitmap based configuration can be used to support non-contiguous time resource configuration in the resource pool to enable multiple resource pool configurations that are interleaved in time. The potential difference from the LTE V2X resource pool configuration is that slot aggregation may be supported in the resource pool configuration and in this case, it is beneficial to make the aggregated slots contiguous in time. 
[bookmark: P_Filter][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: In the carrier used for NR V2X, one or multiple resource pools can be configured for V2X sidelink transmissions/receptions per sidelink BWP. The resource pool consists of contiguous resources in frequency and potential non-contiguous resources in time. 

2.5 Sidelink control information and physical channel structure
It was agreed in RAN1-94 meeting that at least PSCCH and PSSCH are defined for NR V2X and PSCCH at least carries information necessary to decode PSSCH. In RAN1-94bis, it was agreed that sidelink control information (SCI) is defined which includes at least one SCI format containing the information necessary to decode the corresponding PSSCH. Here, we discuss in the following that another SCI format may be needed to assist the sidelink resource allocation. 
As we discussed in previous meeting [3], the channel sensing procedure defined in LTE V2X sidelink Rel-14/15 works well with the periodic data packets to avoid collisions as much as possible. However, in NR V2X, aperiodic data packets also need to be supported. The presence of aperiodic packets at least brings the following two impacts:
· The UEs cannot predict the presence of aperiodic packet with the existing sensing procedure, if the legacy intra-TTI structure of PSCCH and PSSCH is used for the aperiodic packet. 
· The energy measurement (S-RSSI), which is averaged over a number of periodic resources (with fixed period of 100ms irrespective of the real period of the transmitted packets), may be disturbed severely by the aperiodic data packets.
Motivated by the above considerations, another SCI format could be defined containing the resource reservation relevant information to assist the sidelink resource allocation and is conveyed by one PSCCH format. In particular, this PSCCH could be transmitted ahead of the associated aperiodic PSSCH to announce its resource reservation to allow collision avoidance and/or preemption operations. Different TTIs are employed for their transmissions respectively. Additionally, for periodic packet transmission, the data packet may be absent in one period (e.g. due to congestion control or no data in the transmit buffer). In this case, the PSCCH with resource reservation relevant information may be transmitted instead to maintain the resource reservation for next period. In this way, the energy measurement over a number of periodic resources may not be needed anymore in the channel sensing procedure to avoid the issues mentioned above.  
The usage scenarios of the SCI format with resource reservation information over PSCCH are illustrated in Figure 3 for periodic/aperiodic packets. For simple description, this SCI format is denoted as SCI-R and the SCI for data packet decoding is denoted as SCI-D in the figure. As shown in Figure 3a, for aperiodic data packet, the transmitter can select the resources for PSSCH and PSCCH with SCI-R based on the channel sensing result. The transmission of SCI-R which precedes the associated PSSCH announces the resource reservation to other UEs such that the collision avoidance and preemption operations could be enabled. Note that the target receiver could still decode the PSSCH even if it misses the SCI-R (e.g. due to half-duplex constraint or collision/interference) since the SCI-D contains all the control information necessary to decode the data packet. 



(a) SCI-R usage for aperiodic packet



(b) SCI-R usage for periodic packet

Figure 3: Illustration of SCI-R usage for periodic/aperiodic packets

Proposal 7:  Support SCI format with resource reservation information to assist resource allocation for periodic and aperiodic packets. 
Proposal 8:  For aperiodic packet, consider the PSCCH with resource reservation information transmitted ahead of the associated PSSCH (in different TTIs) to announce its resource reservation for collision avoidance and/or preemption. 
Regarding the multiplexing of PSCCH and the associated PSSCH, the last RAN1 meeting discussed and agreed that at least one of Option 1A, 1B, and 3 is supported and FFS whether to support Option 2. One important issue related to the multiplexing means is the AGC settling at the receivers. In LTE V2X sidelink, it is assumed that the first DFT-s-OFDM symbol of each sidelink TTI (i.e. subframe in LTE sidelink) is used for AGC settling and at the same time the transmit power is kept constant over all the OFDM symbols in the sidelink TTI (except the last symbol). The intra-TTI FDM multiplexing between PSCCH and PSSCH in LTE is in line with the constant power assumption. In NR sidelink, the situations become more complicated since in some cases sidelink transmission may only carry sidelink control and span only partial TTI in case TDM multiplexing is used, e.g.
· PSCCH with SCI-R i.e. resource reservation information discussed above may be transmitted at the first symbol(s) of the TTI but without PSSCH in the same TTI. 
· HARQ feedback i.e. SFCI may be transmitted at the last symbol(s) of the TTI (except the last symbol) for unicast or groupcast sidelink. 
The above potential partial-TTI sidelink transmission violates the assumption of constant transmit power over all the symbols of the sidelink TTI and may bring trouble to the AGC settling at the receivers, e.g. when full-TTI sidelink and partial-TTI sidelink are multiplexed in frequency domain in same BWP and the partial-TTI sidelink transmitter happens to be near the full-TTI sidelink receiver. This may lead to unreasonable AGC adjustment and receiving performance loss (e.g. too large or too small signal with increased distortion error) or complicate AGC operations significantly. Motivated by this issue, it may be beneficial to also support multiplexing Option 2 for the only-control sidelink transmission mentioned above. 
Regarding the TDM multiplexing Options 1A, 1B and 3, in Option 1A and 1B, the frequency resources of the first symbol(s) are allocated to PSCCH and are not shared with PSSCH. This may lead to potential issues of mismatched link budget between control and data channel (for Option 1A) and unnecessary spectrum efficiency loss (for Option 1A and 1B). From this perspective, TDM multiplexing Option 3 is preferred.   
Proposal 9: For multiplexing of PSSCH and PSCCH, Option 3 is preferred and Option 1A/1B need further study. 
Proposal 10: Option 2 can also be supported for the potential only-control sidelink transmission (e.g. SCI for resource reservation and SFCI for HARQ feedback). 
Hence it’s preferred that dedicated control channel with SFCI for HARQ feedback should occupy 1 slot (i.e.14 OFDM symbols) in time domain and 1 PRB (or 2 PRBs) in frequency domain. For groupcast, to increase spectral efficiency, control channels for HARQ feedbacks from multiple UEs should be CDMed. NR PUCCH format 1 can be modified for this use. BPSK modulation is used and modulated symbol is spread with a Zadoff-Chu sequence (cyclic shifted) potentially with OCC (orthogonal cover code) in time domain. UEs inside a group employ same sequence but orthogonal cyclic shifts/codes. Group leader coordinates assignment of cyclic shifts/codes to members. In the assigned feedback resource, receiving UEs feedback ACK/NACK information by using their specific cyclic shifts/codes.  The transmitter retransmits the packet if it didn’t receive ACKs from all other UEs in the group.
Proposal 11: For groupcast, consider UEs inside a group employing same sequence but orthogonal cyclic shifts/codes for HARQ feedback control channels so that these feedbacks can be CDMed in the same time/frequency resource for high spectral efficiency.

2.6 Channel coding in sidelink control channel
Polar code variants are used for eMBB control channels. Specifically, the downlink control channel polar scheme has a unified design which covers a wide range of payload sizes. Meanwhile, it has exceptional coding performance for blocks of small sizes, which is suitable for the control information transmitted in sidelinks. Thus, we propose the consideration of leveraging the current DL eMBB control channel coding design for sidelink control channels.
The following diagrams shows its coding performance for two cases, K = 48 and 64, with different coding rates.
[image: ]
(a) # info. Bits = 48
[image: ]
(b) # info. Bits = 64
Figure 4. Performance of DL eMBB control channel codes

Proposal 12: The channel coding scheme of NR eMBB downlink control channels can be considered for sidelink control channels as well.
3. Conclusions
In this contribution we made further discussions on NR V2X sidelink physical layer structure. The following proposals are provided based on the discussions.

Proposal 1: Support CP-OFDM as sidelink waveform design, at least for FR1.
Proposal 2: Support single waveform design for sidelink physical data channel PSSCH and control channel PSCCH.
Proposal 3: NR sidelink supports the CP lengths supported by Rel-15 NR Uu.
Proposal 4: Rel-15 NR Uu type-1 DM-RS configuration could be used for physical sidelink channels. The number of DM-RS symbols per slot may be dynamically configured. 
Proposal 5: Discuss the support for orthogonal DM-RS signals for potential colliding UEs. 
Proposal 6: In the carrier used for NR V2X, one or multiple resource pools can be configured for V2X sidelink transmissions/receptions per sidelink BWP. The resource pool consists of contiguous resources in frequency and potential non-contiguous resources in time. 
Proposal 7:  Support SCI format with resource reservation information to assist resource allocation for periodic and aperiodic packets. 
Proposal 8:  For aperiodic packet, consider the PSCCH with resource reservation information transmitted ahead of the associated PSSCH (in different TTIs) to announce its resource reservation for collision avoidance and/or preemption. 
Proposal 9: For multiplexing of PSSCH and PSCCH, Option 3 is preferred and Option 1A/1B need further study. 
Proposal 10: Option 2 can also be supported for the potential only-control sidelink transmission (e.g. SCI for resource reservation and SFCI for HARQ feedback). 
Proposal 11: For groupcast, consider UEs inside a group employing same sequence but orthogonal cyclic shifts/codes for HARQ feedback control channels so that these feedbacks can be CDMed in the same time/frequency resource for high spectral efficiency.
Proposal 12: The channel coding scheme of NR eMBB downlink control channels can be considered for sidelink control channels as well.
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Appendix

Table A: Simulation conditions for results of Fig. 2

	Parameters
	Values

	Carrier frequency
	6.0GHz

	Packet size
	200 bytes

	Modulation and coding
	QPSK and 16QAM with 1/2-LDPC
Single data layer per transmitter

	Antenna setting
	1TX/4RX
Cross-polarized antennas

	Sidelink waveform
	OFDM

	Performance metric
	BLER vs. Signal to interference ratio (SIR). Useful signal to noise power ratio (SNR) is fixed to 15dB.

	Fast fading channel
	CDL-A defined in TR38.901 with parameters: CDL delay spread 200ns, AOA/AOD angle spread 50deg and ZOA/ZOD angle spread 10deg. 
Relative velocity: 30kmph

	Sidelink TTI structure
	Slot (i.e. 14 OFDM symbols)

	SCS
	15kHz.

	DMRS pattern
	NR type-1 DM-RS configuration with 4 DM-RS symbols
DM-RS comb offset = 0 and 1 for useful and interference signals respectively.

	Timing/frequency offset
	Zero timing/frequency offset assumed.
Timing/frequency synchronization were made at receiver based on DM-RS.

	Channel estimation
	Real

	Data detection 
	MMSE-IRC per PRB
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