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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#94bis [1], significant progress was achieved on the sidelink physical layer structure with important decisions on numerology, resource pools and PSSCH/PSCCH multiplexing. There are still a list of important issues to resolve, namely:
· Which waveform to use (CP-OFDM or DFT-SOFDM)
· Which CP length to support for which SCS spacing
· Which options to support for PSCCH/PSSCH multiplexing
· Whether to define BWP for sidelink and what is the relationship between BWP and RP
· What does SCI and SFCI include and how to convey SCI and SFCI for mode 1
· RS design
In this contribution, we discuss these issues.
Numerology
It was agreed in RAN1#94bis 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.
· 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
Thus, the CP length needs to be discussed. Note that the discussion on S-PSS/S-SSS/PSBCH numerologies is in [8]. 
For NR Uu, the normal CP length is defined for each SCS. In addition, extended CP is supported for 
60 kHz spacing, as shown in Table 1. 
[bookmark: _Ref527964997]Table 1. NR Uu Numerology
	Numerology (μ)
	0
	1
	2
	3
	4

	Subcarrier spacing (kHz)
	15
	30
	60
	120
	240

	OFDM symbol length (μs)
	66.67
	33.33
	16.67
	8.33
	4.17

	Normal CP length (μs)
	4.69
	2.34
	1.17
	0.59
	0.29

	Extended CP length (μs)
	-
	-
	4.17
	-
	-



Having a longer CP length enables the UE to handle larger delay spreads and to tolerate larger synchronization errors. However, this comes at a price: the overhead for the extended CP (20%) is much larger than for normal CP (6.6 %). Thus, normal CP lengths should be supported to ensure low overhead communication.
For sidelink, the difference in Time of Arrival (TOA) due to propagation delay can be significant. Table 2 shows the maximum TOA that can be tolerated according the CP length (similar table as Table 1, but with distances instead), under ideal conditions. For reference, the NR V2X requirements defined in [3]can require communication range up to 1000m (extended sensor use case) between UEs, and this range can be supported with the extended CP for 60 kHz. 
[bookmark: _Ref528250276]Table 2. CP length and maximum supported range under ideal conditions
	Subcarrier spacing (kHz)
	15
	30
	60

	Normal CP length (μs)
	4.69
	2.34
	1.17

	Corresponding distance (m)
	1407
	702
	351

	Extended CP length (μs)
	-
	-
	4.17

	Corresponding distance (m)
	-
	-
	1251



Figure 1 shows link level simulation results (simulation assumptions are according to TR 37.885, and details can be found in [4]) on CPs for SCSs at different speeds and communication distances.
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[bookmark: _Ref528250414][bookmark: _Ref528250411]Figure 1. Effect of CP length on throughput as function of speed and distance
Based on discussion in [10], DRMS overhead can be reduced if a larger subcarrier spacing is used. In low speed scenarios, 1 or 2 DMRS symbols are used for 60 and 30 kHz SCS, respectively. Whilst in high speed scenarios, due to high Doppler, 2 or 3 DMRS symbols are used for 60 and 30 kHz SCS, respectively. In case of 300 m communication distance, it can be observed that normal CP of all SCSs are sufficient to cover the communication range. In case of 1000 m communication distance, the throughput of both 30 kHz and 60 kHz SCS with NCP drop dramatically due to ISI caused by sidelink synchronization error. However, with extended CP, it can be observed that the throughput of 60 kHz SCS with ECP is only slightly lower than that of 30 kHz SCS at low SNR. Most significantly, 60 kHz with ECP achieves throughput gain up to ~2 Mbps (400%) compared with 60 kHz with NCP. Thus, extended CP for 60 kHz should be supported for larger communication range.
Proposal 1: Support the existing NR CP lengths for sidelink: normal CP length for all SCS, and extended CP length for 60 kHz SCS. 
Waveform 
DFT-s-OFDM has lower PAPR than CP-OFDM, especially for low modulation orders. This could be useful in some implementations to save power, but is not a significant concern for a vehicle mounted UE connected to a 12V/48V battery. In addition, DFT-s-OFDM has significant impact on link performance. Figure 2 (a) shows a comparison of the performance of DFT-s-OFDM vs CP-OFDM for 16-QAM and 64-QAM according to the link level assumptions of TR 37.885 at different speed in FR1. As can be seen, there is degradation of ~ 0.5 dB at 16 QAM and around 1-1.5 dB at 64 QAM, for both low and high speed use cases. Given the high throughput requirements of NR V2X, it is better to prioritize link performance over range. Results with same configurations in FR2 can be seen from Figure 2 (b), where CP-OFDM outperforms DFT-s-OFDM up to 1.5 dB at higher order modulation.
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[bookmark: _Ref528251990]Figure 2. DFT-s-OFDM vs CP-OFDM link level performance
Observation 1: No significant BLER advantage was observed for DFT-s-OFDM over CP-OFDM.
Communication in SL is not typically link budget limited compared to UL, since the transmitter and the receiver(s) are typically in proximity of each other. NR V2X will need to support multi-stream (i.e. MIMO) for higher data rate communication even in longer range communication as required by SA1 [3]. On the other hand, NR V2X supports communication both in coverage (IC) and out of coverage (OOC). Supporting two waveforms on the sidelink is complex: before attempting to demodulate, the UE needs to know whether the signal is a CP-OFDM or DFT-s-OFDM waveform, and there is no network coordination for waveform switch in case of OOC. Furthermore, a lot of configurations (for case of IC and OOC, and for mode 1 and mode 2 operations) and sidelink physical layer designs (e.g. DMRS pattern) are needed to support two waveforms. Thus, it is necessary to use a single waveform. 
Proposal 2: NR V2X supports CP-OFDM only.
Frame and slot structure
At RAN1#94bis and RAN1#94 [1][2] the following was agreed:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier
· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier 
NR Uu supports eMBB and URLLC use cases with differing technical requirements and scenarios. In order to accommodate these widely differing requirements, the frame and slot structure was designed to be flexible. The NR V2X frame and slot structure must be able to accommodate the case when the sidelink and Uu share the same carrier, as well as for dedicated sidelink carrier, where OFDM symbols in a NR slot can be classified as 'downlink', 'flexible', 'uplink and/or 'sidelink' in shared carrier. In addition to a sidelink-only slot, Uu-SL multiplexing within a slot is beneficial in terms of resource utilization efficiency, fast scheduling and immediate feedback for low latency, as many as adaptive retransmissions. The NR Uu configuration for slots and symbols can be reused for sidelink, with 'uplink' (denoted as 'U') and 'flexible' (denoted as 'X') symbols being overwritten as 'sidelink' (denoted as 'S') symbols. More details was discussed in [9], and our proposal are as follows:
Proposal 3: OFDM symbols in a NR slot can be classified as 'downlink', 'flexible', 'uplink’, or 'sidelink'.
Proposal 4:  Define slot formats which support sidelink-only slots and sidelink-Uu multiplexing within a slot.
Proposal 5: Uplink and flexible symbols configured on a cell-specific basis can be overwritten with UE-specific signaling, or group-common DCI with SL-SFI-RNTI:
· The 'uplink' and 'flexible' symbols can be configured UE-specifically as 'sidelink'.
· A SL-SFI table for indicating TDD DL-UL-SL configuration is supported.
PSCCH and PSSCH multiplexing
It was agreed in RAN1#94bis [1] that:
· 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
These options are shown in Figure 3, and are discussed below. 
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[bookmark: _Ref528253400]Figure 3. PSCCH/PSSCH multiplexing options
Option 1A
Multiplexing of PSCCH and PSSCH in time domain in a slot is beneficial for low latency services. This can reduce decoding time since the control information can be processed as soon as all the PSCCH symbols are received. Resource allocation of data channel should be sufficiently flexible, due to significant variations in traffic loads. However, control information usually has a fixed set of values. In order for the frequency resources used by PSCCH and PSSCH to be the same, scalable code rates of control information are needed, although it is not clear why they would be necessary. In addition to scalable code rates, the receiving UE(s) are unaware of frequency resource of the PSCCH and therefore have to perform blind coding for all possible locations.

Option 1B
On latency, option 1B is same as Option 1A. Option 1B has less complexity on blind decoding because the resource dimensions of PSCCH can be known independently of the PSSCH dimensions. Since the PSCCH and associated PSSCH are not overlapped in time (usually resource allocated to PSSCH is larger than to the PSCCH), the resource utilization efficiency is low. This would be worse when the size of data payload is significant larger than that of control information.

On the other hand, the unoccupied resources due to difference between frequency resources allocated to PSCCH and PSSCH cannot be allocated to other UEs. This is due to AGC constraint. The first OFDM symbol in a slot is usually used for AGC processing, so the power density of control and data symbols within the slot should be same. If control information from different UEs are multiplexed in such unoccupied resources on PSCCH symbols, it would affect AGC performance due to differences between frequency resources of PSCCH and PSSCH of a UE.

Option 2
This structure is used in LTE V2X. It allows a UE to boost transmission power of PSCCH over PSSCH for an entire slot, e.g. 3dB, thus can help improving control channel reliability. This is beneficial for the use cases that require high coverage and higher reliability, whilst without low latency requirements as in TDM structure.

Option 3
Option 3 achieves the highest utilization efficiency among all proposed TDM options, since a UE can use all frequency resources on every symbol. One of the possible drawbacks in option 3 compared with other options is the PSCCH coverage, since PSCCH and PSSCH share a few symbols in time domain. However, in order to ensure PSCCH reliability, a power boost can be applied to PSCCH over PSSCH.
Support of low latency TDM multiplexing of PSCCH and PSSCH is necessary, and is helped in Option 3. In addition, Option 3 provides flexibility to switch between TDM and FDM multiplexing structure for use cases with different requirements, as shown in Figure 4, configuring OFDM symbols of PSCCH as same as PSSCH, i.e. option 2. In the extreme cases, it can be configured as option 1A or 1B. Thus, we propose to support option 3 only.
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[bookmark: _Ref528253387]Figure 4. Configure option 3 as option 2.
Proposal 6: Support option 3 for multiplexing of PSCCH and associated PSSCH, designed such that it also supports the multiplexing options 1B and 2.
Bandwidth part and resource pool
It was agreed in RAN1#94bis [1] that
· 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
Resource pool and SL BWP can work together if resource pool(s) and all SL transmissions/receptions are defined within a BWP. Furthermore, there are strong motivation and significant benefits to support SL BWP as the following, with further details in our accompanying contribution [11].
· If SL BWP is not introduced, lots of similar issues discussed in Rel-15 BWP will happen in sidelink, which will need great efforts in RAN1, but end up with similar functionalities as Rel-15 BWP.
· Facilitate coexistence of Uu and SL in shared carrier
· Allow RAN1/2 specifications to support UE bandwidth less than maximum NR system bandwidth 
· Support different numerologies for different scenarios and services
Proposal 7: The sidelink framework is defined based on both SL BWP and resource pool. Resource pools are defined within a BWP, and the decisions taken in Rel-15 Uu work on configuration of parameters and definition of procedures in relation to BWP, e.g. BWP specific or common to BWPs, etc., are re-used for SL as much as possible.
(1) Issues needing to be re-discussed and re-designed for SL if SL BWP is not introduced
Table 1 provides a summary of BWP functionalities in Rel-15. If SL BWP is not introduced, those functionalities may need to be re-discussed one by one again,  and ended up with different functionalities tying to different concepts with great but un-necessary RAN1 efforts. Those potential new concepts may at least include:
· Alt 1: Configured RP, e.g. numerology, BW and center of the configured RP
· Alt 2: A group of configured RP, e.g. numerology, BW and center of the group of configured RP
· Alt 3: Active/inactive RP, e.g. numerology, BW and center of the active/inactive RP
· Alt 4: SL carrier, e.g. numerology, BW and center of the SL carrier
· Alt 5: Predefined or per band predefined rule: predefined numerology, BW and predefined location
Table 3. Preliminary list of issues needing to be re-discussed and re-designed for SL if no SL BWP
	Rel-15 BWP functionalities
	Issues need to be re-discussed for SL if no SL BWP

	Numerology (38.211, 38.331)
SCS and CP are associated to a BWP
	Numerology associated with alt 1,2,4,5 are possible. Need to discuss pros and cons for each alternative.

	BW and location (38.211, 38.331)
BW: BW of configured BWPs
BW location: Center of configured BWPs
	BW and location associated with alt 1,2,4,5 are possible. Need to discuss pros and cons for each alternative.

	UL DC subcarrier (38.331 txDirectCurrentLocation)
Per UL BWP indication
	DC subcarrier associated with alt 1,2,4,5 are possible. Need to discuss pros and cons for each alternative.

	UL-DL configuration (38.213 section 11.1)
Firstly semi-statically determined by cell-specific reference SCS (smallest SCS), then apply to configured SCS of a BWP with predefined rules
	UL-DL configuration per alt 1,2,4,5 are possible, Need to discuss pros and cons. After decide which Alt, then need to re-discuss how to get reference SCS and predefined rules for SL slot configuration 

	SFI (38.213 section 11.1)
Firstly determined by a reference SCS, then apply to BWPs with predefined rules
	SFI per alt 1,2,4,5 are possible. Need to discuss pros and cons. After decide which Alt, then need to re-discuss how to get reference and predefined rules for symbols for SL transmission

	HARQ-ACK codebook (38.213 section 9.1.2/9.1.3)
Only active BWP needs to be fed back 
	Alt 1,2,3,4,5 are possible for use to determine HARQ-ACK CB. Need to discuss pros and cons. After decide which Alt, then redesign HARQ-ACK CB is needed.

	CSI measurement (38.214, 38.331)
Per BWP configured CSI-RS, measure and report CSI in an active BWP
	Alt 1,2,3,4,5 are possible for CSI-RS configuration and CSI measurement and report. Need to discuss pros and cons for each alternative.

	Scheduling and HARQ timing (38.214, 38.331) 
Timing table configured per BWP
	Timing per alt 1,2,4,5 are possible. Need to discuss pros and cons for each alternative. 

	UL Power control (38.213, 38.331)
Power control parameters per BWP configured, Power control is for the active BWP
	Alt 1,2,3,4,5 are possible for power control. 

	DMRS and PTRS (38.211, 38.331)
Per BWP configuration
	RS per alt 1,2,4,5 are possible. Need to discuss pros and cons for each alternative. 

	BWP-specific RRC parameters (38.331)
BWP-common and BWP-specific parameters
	BWP-specific RRC parameters may change to per alt 1,2,4,5. Need to discuss pros and cons for each BWP-specific RRC parameters.


Observation 2: If BWP is not introduced for sidelink, RAN1 and RAN2 face lots of repeated discussion and unnecessary specification changes merely to support basic SL functionalities which are well supported by BWP in Rel-15. 
(2) SL BWP for facilitating coexistence of Uu and SL in shared carrier
In NR V2X, for the case that UL Tx and SL Tx share one Tx RF chain in a shared licensed carrier, for simultaneous transmission of UL and SL, UL BWP and SL BWP should be configured within the bandwidth of the shared RF chain. One easy approach is configure SL BWP within the UL BWP. In Rel-15, Uu BWP switching is supported. For the shared RF case, when UL BWP is switched, it is not clear whether resource pool configured within BW of old UL BWP is still valid or not if resource pool is not associated to a SL BWP.
Observation 3: When UL BWP is switched, it is not clear whether resource pool configured within BW of old UL BWP is still valid or not if resource pool is not associated to a SL BWP.
(3) SL BWP for supporting UE bandwidth less than maximum system bandwidth
For NR sidelink, there are two options for the UE RF sidelink bandwidth capability:
· 	Option 1: RAN1 spec mandates all UEs to support maximum 100 MHz for FR1 and maximum 400 MHz for FR2 for sidelink 
· 	Option 2: RAN1 spec allows UE with flexible sidelink bandwidth capability, which can be less than maximum system bandwidth for FR1 and FR2 respectively
For NR Uu in Rel-15, RAN1 spec allows UE with flexible bandwidth capability. RAN4 also supports flexible UE bandwidth capability, e.g. for FR2, 200 MHz bandwidth capability is mandatory and 400 MHz is optional. If NR sidelink supports option 1, there will be several serious drawbacks as discussed in [11]. 
 (4) SL BWP for supporting different numerologies for different scenarios and services
Having SL BWPs is also useful to support different numerologies for different scenarios and services. 
· Services: Different UEs may support different services, e.g. one UE supports eMBB like service, one UE supports URLLC like service. Furthermore, a UE may support multiple services for a given time duration.
· Speed: Different vehicle speed requirements up to 500km/h relative speed should be considered.
· Range: A wide variety of ranges up to 500m for V2X services should be considered.
· Synchronization: Different synchronization source and synchronization error should be allowed.
In our accompanying contributions [4][7], we present link-level/system-level simulation results for the above four factors. 
In addition to the benefits of SL BWP, open issues on resource pool and BWP are also discussed in our accompanying contribution [11], and summarized as below.
Open issues on BWP
· BWP configuration: one common SL BWP and one UE specific SL BWP for SL BWP basic configuration
· Tx and Rx: A unified BWP applied to both Tx and Rx for the simplicity of the specification and implementation
Open issues on resource pool
· Relationship between SL BWP and resource pool:
As shown in the figure below, resource pools should be confined within a SL BWP.


Figure 5 Resource pools are confined within a SL BWP
· How to indicate a numerology to a resource pool
There are several options for how to indicate a numerology to a resource pool, and option 2 is preferred.
· Option 1:The numerology is explicitly associated with a resource pool once configured
· Option 2:The numerology of the resource pool is inherent from the numerology of SL BWP
· Option 3:The numerology is configured for all resource pools in one carrier
· Option 4:The numerology is predefined for all resource pools for one band

· How gNB and other UE know the UE RF BW and location 
Two options could be considered, and option 2 is preferred.
· Option 1: gNB and other UE know the UE RF BW and location by resource pool without SL BWP
· Option 2: gNB and other UE know the UE RF BW and location by SL BWP
Proposal 8: For SL BWP:
· Support one common SL BWP and one UE specific SL BWP for SL BWP basic configuration.
· A unified BWP applied to both Tx and Rx should be supported for the simplicity of the specification and implementation.
For resource pools:
· For a UE, each configured resource pool is defined within a SL BWP in frequency domain, with the association of resource pools to BWPs configured by higher layers.
· The numerology of the resource pool is inherent from the numerology of SL BWP.
· gNB and other UE know the UE RF BW and location by SL BWP configuration.
SCI and SFCI
It was agreed in RAN1#94bis that
· 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
In NR V2X, one major change compared to LTE V2X is to support unicast and groupcast, and their possible simultaneous usage. Therefore, the feedback-based retransmission should be considered, and additional new information should be included in SCI format. The contents of SCI formats varies between broadcast transmission and unicast/groupcast transmission, where HARQ process ID, HARQ feedback timing, source ID, destination ID, NR and NDI are exclusive for unicast and groupcast transmission. The companion paper [12] further discuss sidelink control information.
Proposal 9: For unicast and groupcast transmissions, the SCI includes at least HARQ process ID, HARQ feedback timing, source ID, destination ID, RV and NDI.
We propose a PSFCH to carry SFCI, and the design and configurations of which are suitable for transmitting especially A/N as soon as possible. The benefits and necessity of PSFCH are discussed in [12]. In addition to A/N, SL-CSI can also be carried in SFCI for unicast and groupcast transmission. 
Proposal 10: A physical sidelink feedback channel (PSFCH) is introduced in NR V2X to carry feedback information.
In NR sidelink Mode 1, gNB schedules the initial transmission and retransmission resources to be used for sidelink transmission. To make more precise resource allocation, the HARQ feedback and CSI reporting can be reported to gNB. After the source UE receives the feedback information, it will forward the feedback information to the gNB as shown in Figure as shown in Figure 6.
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[bookmark: _Ref528253466]Figure 6. NR Mode 1 operation
Proposal 11: The sidelink feedback information obtained by source UE can be fed back in PUCCH/PUSCH.
RS design
DRMS design should take into account the range of waveform, SCS, channel type, etc. applicable to NR V2X. In addition to L1 broadcast, NR sidelink also supports unicast and groupcast at physical layer, where the sidelink channels between the paired UEs for unicast and group UEs for groupcast can be properly estimated to provide better spectrum efficiency. Hence, NR sidelink channel state information reference signal (SL CSI-RS) should be supported, with NR Uu CSI-RS design as a starting point. TRS are needed considering the dynamics of the vehicular channel, and PT-RS so that FR2 is supported. SRS are not proposed in addition to CSI-RS on the assumption their function can be incorporated into the SL CSI-RS design,  and an explicit AGC training signal is not needed since the same principles as LTE-V can be used. We discuss reference signals in detail in [4].
Proposal 12: DMRS for PSSCH and PSCCH, CSI-RS, TRS, and PT-RS are supported on sidelink.
Proposal 13: SL-SRS and an explicit AGC training signal are not supported.
Sidelink discovery
Unicast and groupcast modes require the transmitting and receiving UEs to be aware of each other’s presence. This requires UEs to discover each other before establishing a sidelink communication. Some elements in the design of sidelink discovery in LTE can be reused and taken as a starting point for sidelink discovery in NR.
There are two main options being considered for the purpose of discovery. Option 1: Discovering other UEs by listening to basic safety messages (BSMs) or other transmissions on the PSSCH/PSCCH (LTE or NR). This option does not require a physical sidelink discovery channel (PSDCH). Option 2: Discovering other UEs by listening to broadcast messages designated for the purpose of discovery. This option could be enabled without PSDCH, with discovery messages sent on the PSSCH. However, using a PSDCH is beneficial since it reduces transmission constraints.
Since BSM messages give no indication about the services the UE is interested in, option 1 above can create unnecessary traffic and additional large overhead. However, option 2 avoids the above disadvantages and allows flexible designs for discovery in terms of message content, discovery period, etc. The content of the discovery messages (such as IDs, information on sidelink connection, information on the signaling that follows, etc.) can be designed to minimize overhead.
Proposal 14: Design a sidelink discovery message and procedure and a physical sidelink discovery channel (PSDCH) for NR V2X.
The companion paper [14] further reviews discovery resource pool for NR V2X and multiplexing options between PSDCH and other channels and recommends a design for discovery signals and processes that can be reused at higher frequencies.
Conclusions
This contribution has provided our view on sidelink physical layer structure and procedure for NR V2X:
Proposal 1: Support the existing NR CP lengths for sidelink: normal CP length for all SCS, and extended CP length for 60 kHz SCS. 
Observation 1: No significant BLER advantage was observed for DFT-s-OFDM over CP-OFDM.
Proposal 2: NR V2X supports CP-OFDM only.
Proposal 3: OFDM symbols in a NR slot can be classified as 'downlink', 'flexible', 'uplink’, or 'sidelink'.
Proposal 4:  Define slot formats which support sidelink-only slots and sidelink-Uu multiplexing within a slot.
Proposal 5: Uplink and flexible symbols configured on a cell-specific basis can be overwritten with UE-specific signaling, or group-common DCI with SL-SFI-RNTI:
· The 'uplink' and 'flexible' symbols can be configured UE-specifically as 'sidelink'
· A SL-SFI table for indicating TDD DL-UL-SL configuration is supported.
Proposal 6: Support option 3 for multiplexing of PSCCH and associated PSSCH, designed such that it also supports the multiplexing options 1B and 2.
Proposal 7: The sidelink framework is defined based on both SL BWP and resource pool. Resource pools are defined within a BWP, and the decisions taken in Rel-15 Uu work on configuration of parameters and definition of procedures in relation to BWP, e.g. BWP specific or common to BWPs, etc., are re-used for SL as much as possible.
Observation 2: If BWP is not introduced for sidelink, RAN1 and RAN2 face lots of repeated discussion and unnecessary specification changes merely to support basic SL functionalities which are well supported by BWP in Rel-15. 
Observation 3: When UL BWP is switched, it is not clear whether resource pool configured within BW of old UL BWP is still valid or not if resource pool is not associated to a SL BWP.
Proposal 8: For SL BWP:
· Support one common SL BWP and one UE specific SL BWP for SL BWP basic configuration.
· A unified BWP applied to both Tx and Rx should be supported for the simplicity of the specification and implementation.
For resource pools:
· For a UE, each configured resource pool is defined within a SL BWP in frequency domain, with the association of resource pools to BWPs configured by higher layers.
· The numerology of the resource pool is inherent from the numerology of SL BWP.
· gNB and other UE know the UE RF BW and location by SL BWP configuration.
Proposal 9: For unicast and groupcast transmissions, the SCI includes at least HARQ process ID, HARQ feedback timing, source ID, destination ID, RV and NDI.
Proposal 10: A physical sidelink feedback channel (PSFCH) is introduced in NR V2X to carry feedback information.
Proposal 11: The sidelink feedback information obtained by source UE can be fed back in PUCCH/PUSCH.
Proposal 12: DMRS for PSSCH and PSCCH, CSI-RS, TRS, and PT-RS are supported on sidelink.
Proposal 13: SL-SRS and an explicit AGC training signal are not supported.
Proposal 14: Design a sidelink discovery message and procedure and a physical sidelink discovery channel (PSDCH) for NR V2X.
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