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At RAN1#94, some initial agreements were taken, notably:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
PSCCH format(s) and content(s) for unicast, groupcast, and broadcast

In addition, a list of issues to investigate was produced [2]. It includes waveform (CP-OFDM or DFT-s-OFDM), subcarrier spacing, CP length, RS design, modulation, channel coding, RE mapping, scrambling. In addition, BWP and resource pools were discussed, as well as AGC and guard time, and PSSCH/PSCCH multiplexing. In this contribution, we discuss all these issues. 
Discussion on physical layer structure and procedure for NR V2X
Physical sidelink channels
It was agreed in RAN1#94 that:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· RAN1 continues study on the necessity of other channels. 
· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
Physical sidelink control channel (PSCCH) 
PSCCH reliability
Given NR V2X’s reliability requirements, PSCCH design based on repetition of SCI both in time and in frequency domain provides advantages in terms of reliability and/or latency. To improve the reliability for NR PSCCH transmission, more PRBs might be allocated in case of FDM SA and data multiplexing structure. To achieve low latency for emergency trajectory alignment (e.g. 3 ms as defined by SA1 [4]), TDM SA and data multiplexing structure may be beneficial, since the PSSCH can be decoded sooner than when in FDM with PSCCH. In this case, multiple symbols might be allocated for PSCCH transmission. In addition to the simple repetition, introducing aggregation levels similar to the NR PDCCH design can be taken into account. 
Proposal 1: NR PSCCH formats supporting repetition of SCI in time and in frequency domain need to be studied, as well as the procedures of UE monitoring of PSCCH so that reliability and latency requirements are met.
NR SCI formats
In TS 36.212, SCI format 1 is specified for V2X scheduling information. Since only physical layer broadcast is specified in LTE V2X, there are resource allocations for initial transmission and retransmission included in SCI format 1. Here, the retransmission is based on blind retransmission or repetition without triggering feedback. 
To support unicast, groupcast, and broadcast transmissions and their possible simultaneous usage in NR V2X, feedback-based retransmission should be considered. Feedback timing resource needs to be known to the receivers. Synchronous feedback can be applied so that the feedback timing is pre-defined based on frame structure configuration. Another option is asynchronous feedback where the timing is indicated in SCI. Asynchronous feedback is more flexible to accommodate different service requirements on transmission latency. If multiple HARQ processes are needed, HARQ process number and new data indicator also need to be included in the SCI.  
Other considerations include efforts to reduce the blind decoding complexity for NR UEs, e.g. support of different SCI formats could be studied to manage the SCI decoding complexity for intra-UE service multiplexing. Other improvements on the SCI format that should also be studied include the support of pre-indication or pre-emption for both inter-UE and intra-UE services multiplexing, on demand CSI reporting for link adaptation. 
Proposal 2: NR V2X SCI formats need to support the coexistence of unicast/groupcast/broadcast, in addition to the support of HARQ ACK/NACK feedback and CSI reporting. 
Physical sidelink feedback channel (PSFCH) 
In LTE-V2X, PSCCH and PSSCH are defined only for carrying sidelink scheduling assignment and data respectively, where one SA is associated with one data, and there is no feedback on any sidelink channels. For NR sidelink HARQ-ACK mechanism, receiving UE(s) may not have data to send back to the transmitting UE after data reception, and therefore there may be no PSSCH resources available for feedback piggybacking. If there is a reverse PSSCH transmission, there is no way to be sure that it would arrive in a timeframe which could meet the latency constraints in many of the V2X use cases, due to the generally unpredictable nature of application (and upper-layer) traffic. 
Thus, we define a dedicated channel to carry feedback, the design and configurations of which are suitable for transmitting especially A/N as soon as possible. Some additional discussion on PSFCH can be found in [7]. In addition, the resources for PSFCH have to be separate from PSSCH/PSCCH in order to reduce the half duplex problem, because loss of A/N has serious consequences for system and link efficiency. Note that the PSFCH can also be used for other valuable purposes, such as sending CSI information including vehicular-relevant information such as Doppler and delay spread, to improve link performance. 
Proposal 3: Define a physical sidelink feedback channel (PSFCH) for NR V2X which carries at least SL-ACK/NACK and SL-CSI.
Physical sidelink discovery channel (PSDCH) 
NR V2X will support unicast and groupcast communications for which a discovery process is needed. There are options for discovering other UEs in the vicinity for establishing a sidelink:
· Option 1: Discovering other UEs by listening to safety messages they broadcast. This option overloads the role of the safety messages. The main disadvantage of this option is that a UE transmitting safety messages may not be interested to establish a sidelink for unicast/groupcast communications. For example, it is possible in a V2X scenario in a congested area that a large number of UEs broadcast safety messages, but they are not interested to establish a sidelink for unicast/broadcast. Then, a UE that receives the safety message needs to send a large number of connection requests to find out which of the UEs in its vicinity are interested to establish a sidelink, which will result in an excessive traffic of connection requests unnecessarily. The alternative would be to piggyback such information on safety messages, which would limit/complicate the design of the important safety messages and the discovery process also.
· Option 2: Discovering other UEs by listening to messages broadcast on a channel dedicated to discovery signals. This option avoids the above disadvantages and allows flexible designs for discovery. The content of the discovery messages (such as IDs, information on sidelink connection, information on the signaling that follows, etc.) and the signaling/handshaking to establish a sidelink for unicast/broadcast needs further study.
Therefore, we make the following proposal:
Proposal 4: Define a physical sidelink discovery channel (PSDCH) for NR V2X.
Waveform
It was agreed in RAN1#94 that RAN1 continues to study on the physical channel considering following aspects:
· Waveform
· Candidates: CP-OFDM, DFT-s-OFDM
· Proposals from companies:
· CP-OFDM only
· Support both
· Consideration points:
· Different channel can have different waveform?
· Benefit and impact of supporting only one waveform and supporting both waveforms
In NR Rel-15 although both OFDM and DFT-S-OFDM are supported for UL, the usage of DFT-S-OFDM mainly targets link budget limited scenarios, e.g. cell-edge UEs and UEs with fairly large path loss. As such, NR supports the transmission of only a single-layer with DFT-S-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. On the other hand, CP-OFDM supports multiple layer transmission for both control and data. 
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 1 shows a comparison of the performance of DFT-s-OFDM vs CP-OFDM for 16-QAM with a coding rate of 0.5 and 64-QAM with a coding rate of 0.6 according to the link level assumptions of TR 37.885 (assume a FDM SA and data structure with 2 RBs and 6 RBs allocated to SA and data, resp.). As can be seen, there is a maximum degradation of ~1 dB for 16-QAM, and ~2 dB for 64-QAM. Given that increasing range is not really an issue for V2X, it is not necessary to incur such a link penalty. Therefore, CP-OFDM is sufficient to be supported as the only waveform for all NR sidelink channels.
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[bookmark: _Ref525116902]Figure 1. DFT-s-OFDM vs CP-OFDM link level performance.
Proposal 5: NR V2X supports CP-OFDM only.
Numerology
It was agreed in RAN1#94 that RAN1 continues study on the physical channel considering following aspects:
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· CP length
120 kHz SCS
The link-level evaluation performance (simulation assumption can be found in [5]) shows that 120 kHz SCS has no performance gain over 60 kHz SCS in FR1, as shown in Figure 2. In addition, 120 kHz SCS in FR1 results in extra AGC/gap overhead, since one 120 kHz OFDM symbol length (i.e. 8.92 μs) is not enough for either AGC processing or TX/RX transition time. Although it is natural for NR sidelink to adopt NR Uu air interface properties, e.g. some UEs may be traveling at low speeds, where a 15 kHz subcarrier spacing works well, whereas other UEs at high speeds would benefit from a larger subcarrier spacing, it seems there is no benefit in adding 120 kHz SCS to the FR1 supported set.
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[bookmark: _Ref525135610][bookmark: _Ref524939277]Figure 2. Link-level performance of 120 kHz & 60 kHz SCS with different modulation, code rate, and speed.
Observation 1: Link-level performance of 120 kHz SCS has no gain over that of 60 kHz SCS in FR1, whilst requiring more symbols to be spent on AGC and gap time.
60 kHz SCS
There are benefits of 60 kHz SCS for the sidelink of NR V2X:
· Latency: 60 kHz SCS provides shorter slot time than 15 kHz and 30 kHz in sub-6GHz band, thus ensuring better latency since a packet can have more retransmission opportunities for a given latency budget
· ICI impact: The demodulation performance was identified as one of the main issues for sidelink communication in LTE V2X. The high carrier frequency and high speed bring high Doppler shift about 2.78 kHz (at 500 km/h), high Doppler will break the orthogonality between subcarriers. Configuring a large enough subcarrier spacing, e.g. 60 kHz, for a UE can reduce sensitivity to ICI caused by high mobility. The reduced sensitivity to ICI can also help to utilize higher order modulations for NR V2X communication.
· DMRS overhead: Besides the high Doppler, in order to address the high channel variation, more DMRS symbols should be configured over 0.5 ms for smaller subcarrier spacing. If the subcarrier spacing is 30 kHz, only 8 symbols out of 14 symbols can be useful for data transmission (taking into account overhead – one symbol for AGC, one gap symbol and 4 DMRS symbols per slot). This overhead can be reduced if at the larger subcarrier spacing is used, e.g. for 60 kHz, only 2 DMRS symbols need to be configured per slot.
· In-band emission: The in-band emission interference is a significant problem for V2X communication, especially in congested vehicular environments. The in-band emission interference can be reduced for larger subcarrier spacing, as fewer RBs are defined in the same bandwidth, thus fewer UEs are frequency-multiplexed. 
Additionally, based on our link-level [5] and system-level [8] evaluation performances of 60 kHz SCS, we have following observations:
Observation 2: In addition to necessity for supporting the range of envisaged scenarios, 60 kHz SCS also provides reduced packet delivery latency, reduced sensitivity to ICI,  lower relative DMRS overhead and reduced in-band emission interference

15, 30 and 60 kHz SCS
While 60kHz is beneficial, it is necessary to evaluate whether a single numerology or multiple numerologies should be supported. In the link and system level simulations shown below (and in more detail including simulation assumptions in [5], [8]), we have found that there are scenarios where 15 kHz and 30 kHz SCS provides BLER, PRR, PIR, and throughput advantages over 60 kHz, and also that there are scenarios where 60 kHz is the best SCS, shown in Figure 3. 
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[bookmark: _Ref525910311]Figure 3. System-level simulation of throughput, PRR and PIR performance.
For example at system level, 15 kHz or 30 kHz outperform 60 kHz in a highway-A periodic-2 scenario with 10 MHz bandwidth. Due to limited bandwidth resources and relatively large traffic size, a UE needs multi-slot transmissions in 60 kHz SCS compared with in 15 kHz SCS. Each 60 kHz SCS slot has to contain one PSCCH and this results in PSCCH higher overhead compared with 15 kHz SCS. In addition, due to higher layer segmentation (i.e. extra PSSCH overhead on every 60 kHz slot), code rate in 60 kHz SCS is higher than in 15 kHz SCS. Consequently, in terms of average UE throughput, system PPR, and system PIR, 15 kHz/30 kHz outperforms 60 kHz by maximum gains of 50%, 54.5%, 37.2% respectively in this scenario. 
In another example, 60 kHz outperforms 15/30 kHz in highway-A periodic-2 with 20 and 100 MHz bandwidth. With larger bandwidth resource for 60 kHz transmission in frequency domain, fewer slots transmission is needed, i.e. less PSCCH and PSSCH overhead. In addition, there are fewer UEs multiplexed in frequency domain with 60 kHz SCS, and hence the blockage due to in-band emission (IBE) is reduced compared to the case of 15/30 kHz. The average UE throughput, system PPR, and system PIR for 60 kHz achieves maximum gains of 17.6%, 14.8%, 16.6% over 15/30 kHz with 20 MHz bandwidth, respectively, and 12.5%, 5.2%, 10% over 15 kHz with 1000 MHz bandwidth, respectively,
At link level, we have found that 60 kHz SCS can avoid a BLER floor at 500 km/h with a moderate code rate of 0.6, whereas 30 kHz (and consequently 15 kHz) has a BLER floor. On the other hand, at low speeds and code rates, 30 kHz give some small BLER gains over 60 kHz, as shown in Figure 4. 
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[bookmark: _Ref525922096]Figure 4. Link-level performance for 30 kHz and 60 kHz.
Observation 3: The subcarrier spacing giving the best link-level/system-level performance is dependent on the scenario (e.g., system bandwidth, supported speeds, ...)
 
We therefore propose:
Proposal 6: NR sidelink supports the following subcarrier spacings:
· 15 kHz, 30 kHz, and 60 kHz for FR1
· 60 kHz and 120 kHz  for FR2
Cyclic prefix length
For NR Uu, normal and extended cyclic prefixes are defined, where ECP can be applied for 60 kHz SCS. Having a longer CP length enables the UE to handle larger delay spreads and to tolerate larger synchronization errors. The synchronization error due to propagation delay can be significant. For instance, the 60 kHz NCP is 1.17 μs in length, and corresponds to a distance of 351 m, which is not enough to meet the communication ranges of some applications (e.g., the NR V2X requirements defined in [4] sometimes require 500/800/1000m communication range.). Note that in addition, the CP has to accommodate for channel delay spread, thus the communication range in practice would be shorter than 351 m. UE may rely on different numerologies, e.g., the 15 kHz SCS has a normal CP of 4.7μs, to support larger communication ranges, However, extended CP should be supported at least for 60 kHz, for the use cases where UE are travelling at very high speed with very low latency requirements and throughout is not the target, in order to support longer sidelink communication range.
Proposal 7: Support extended CP at least for 60 kHz SCS in FR1. 
Frame structure
NR Uu supports eMBB and URLLC use cases with differing technical requirements and scenarios. In order to accommodate these widely differing requirements, the frame structure was designed to be flexible. An NR Uu slot can be configured as a DL-only slot, a UL-only slot, or as a flexible slot. The NR Uu slot configuration can be done via cell-specific signaling, UE-specific RRC signaling, or group-common DCI with SFI-RNTI. 
Flexibility in the subframe configuration is crucial to support the set of use cases demanded in NR V2X. In addition, the frame structure must be able to accommodate the case when the sidelink and Uu share the same carrier. Multiplexing of Uu and SL at symbol level allows fast scheduling of sidelink (DCI in DL symbol(s) at start of a slot) and immediate feedback to the gNB (e.g. SL-SCI report, HARQ-ACK in UL symbol(s) at end of the slot), and is therefore capable of multiple adaptive retransmissions within target latency boundary, e.g. end-to-end 3ms [4]. Consequently, we propose to use the existing NR slot structure as the starting point for the V2X design. Both SL-only and unified Uu & SL slot need to be supported for NR V2X, as shown in  Figure 5 and Figure 6 (AGC symbol, gap symbol, etc. are included in SL).
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[bookmark: _Ref524077430][bookmark: _Ref521602508]Figure 6. Unified Uu and SL slot
The NR Uu configuration for slots and symbols can be reused, with slot(s)/symbol(s) configured as “flexible” on a per-cell basis, and overwritten on a per-UE basis, or group-common DCI with SFI-RNTI.
Proposal 8: The NR sidelink frame structure design is based on the existing NR frame structure
· Subframe configuration can allow sidelink-only slots and sidelink-Uu multiplexing within a slot
· The NR Uu slots and symbols indication can be reused, with resources configured as “flexible” on a per-cell basis, and overwritten on a per-UE basis, or group-common DCI with SFI-RNTI 
Since NR sidelink support reliable unicast and groupcast transmissions at the physical layer, transmitting and receiving the HARQ ACK/NACK in an efficient way is crucial. As proposed in section 2.1.2, PSFCH is defined, and can be mapped to a few OFDM SL symbols (e.g. 1 or 2) at the end of slot to carry SL HARQ-ACK feedback as well as SL CSI report, as shown in Figure 3, i.e. the SL (Rx) part is used for feedback. The benefit is that multiplexing of PSSCH/PSFCH in a self-contained slot allows multiple adaptive retransmissions, if needed, within a latency bound. Having feedback at the end of the slot simplifies the half-duplex constraint and avoids switching time compared to in the middle of the slot, and it is not practical to put feedback at the start of slot n+1 due to the need for AGC time.
Proposal 9: Study PSFCH located at the end of SL symbols in a slot.
Bandwidth part and resource pool
It was agreed in RAN1#94 that
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink.
· Dedicated NR sidelink carrier.
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.
The benefits of SL BWP are discussed next, and the relationship with resource pools. 
BWPs
The concept of a bandwidth part (BWP) was introduced in NR Release 15, where a UE can support up to four BWPs configured by the network and only one DL-BWP and one UL-BWP can be active for a UE. In addition, a UE is not expected to transmit or receive outside an active BWP. NR BWP design enables UEs with diverse RF capability to coexist in one carrier, and aids UE power saving, e.g. the UE could dynamically adjust its operational RF bandwidth via BWP switching.  
Observation 4: One active BWP is associated with one RF chain. For a narrower BWP, a RF chain with smaller bandwidth could be used. 
In the following discussion, benefits of SL BWP are discussed:
(1) Supporting UEs with different SL RF capabilities
In LTE-V2X, maximum 20 MHz carrier bandwidth/RF bandwidth is defined. In R15 LTE-V2X, carrier aggregation for sidelink is supported. For intra-band contiguous CA, one wideband RF may be used to support the multiple carriers. Therefore, RF capabilities of LTE vehicles may support different bandwidth, e.g. 20 MHz, 40 MHz, 60 MHz, and etc. For R16 NR-V2X, for sidelink transmission in the shared licensed carrier, one RF chain with 20 MHz/40 MHz capability is likely to be used to reuse existing LTE RF modules and smooth evolution. For the shared licensed carrier, the maximum carrier bandwidth in sub 6 GHz is 100 MHz in R15 and may be increased in future. Therefore, SL BWP should be specified in NR V2X to restrict the transmitting/receiving RF BW in the carrier. 
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Figure 7. SL BWP in one carrier
(2) Supporting coexistence of Uu and SL transmission in shared licensed carrier
For the shared carrier case, where the SL resources are located in the UL carrier, SL transmission (reception) will be confined within active BWP(s). In addition, since Uu and sidelink transmissions are different in terms of channel characteristics, Doppler spectrum, etc., the system must be flexible enough so that the Uu and SL BWPs can be different. NR may also support joint transmission of Uu and sidelink signals taken into account latency requirements for both Uu and SL, for instance, the UE may send both a PUCCH for Uu and a SL PSCCH/PSSCH at the same time, and possibly with different numerologies.
[bookmark: _Ref523991861][bookmark: _Ref524963660]For SL transmission, separate Tx chains and shared Tx chains between UL and SL Tx were discussed in LTE V2X. In NR V2X, as shown in Figure 8, the following three cases of RF capability for SL in the shared licensed carrier and dedicated NR carrier should be studied, as illustrated in Figure 8.
· Case 1: UL Tx and SL Tx share one Tx RF chain in a shared licensed carrier
· Case 2: UL Tx and SL Tx use separate Tx RF chain in a dedicated licensed carrier
· Case 3: UL Tx and SL Tx use separate Tx RF chain in different carrier.
For Case 1, 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 configuration SL BWP within the UL BWP; for TDM transmission of UL and SL, location of UL BWP and SL BWP could be flexibly configured, but the switching delay between UL BWP and SL BWP should be considered. For Case 2 and Case 3, UL BWP and SL BWP can be independently configured.
For SL reception, in LTE, as a minimum requirement, the UE is required to have one Rx chain for PC5-based V2X in addition to one for Uu reception. NR UEs can take this Rx capability as a baseline, then NR SL UEs can simultaneously receive in the DL BWP and SL BWP.
Furthermore, NR V2X SID strives for a common sidelink design for licensed shared carrier and dedicated carrier, so SL BWP should be also defined in dedicated SL carrier.
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[bookmark: _Ref525922417][bookmark: _Ref523991704][bookmark: _Ref525663835]Figure 8. SL configuration and UL/SL Tx chain
(3) Supporting flexible sidelink numerology
NR Uu supports configurable numerologies with different subcarrier spacings. One benefit of the BWP is that it enables multiplexing of different numerologies. Since there is a very diverse set of traffic types for NR V2X, the UE may support multiple services simultaneously. In addition, some UEs may be traveling at low speeds, where a 15 kHz subcarrier spacing works well, whereas other UEs at high speeds would benefit from a larger subcarrier spacing [5]. In addition, the V2X services have a wide variety of ranges, from a few meters to over 1000m. This puts constraints on the CP, as explained in Section 2.3. For instance, a 60 kHz normal CP only enables a maximum range of 351m, whereas a 15kHz normal CP numerology enables a range over 1km.
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Figure 9. Flexible numerology configuration for SL BWPs
(4) Supporting SL UE power saving
For NR V2X, frequency-domain mechanisms, e.g. dynamic SL BWP switching to adjust SL RF bandwidth, could be considered to reduce UE power consumption, which is particularly relevant for pedestrian UE design. 
Observation 5: Benefits of sidelink bandwidth part include:
· Supporting UEs with different SL RF capabilities
· Supporting coexistence of Uu and SL transmission in shared licensed carrier
· Supporting flexible sidelink numerology
· Supporting SL UE power saving, particularly for pedestrian UEs
Proposal 10: The Uu BWP concept is reused for the sidelink, with sidelink transmission/reception occurring within a SL-BWP. A SL-BWP can be UE-specifically configured. 
Resource pools
In LTE-V2X, resource pools were defined, including Tx pool and Rx pool. LTE V2X resource pools are configured by the network, either on a per-cell or a per-UE basis. For resource pool list broadcast by SIB21, maximum 8 Tx pools and 16 Rx pools are specified. Benefits of resource pool are discussed below.
(1) Supporting UE autonomous resource selection
As compared to BWP, the number of resource pools is more. To support UE autonomous resource selection, more resource pools is beneficial for collision avoidance. For example, transmitting UE could measure all configured Tx resource pools and select one Tx resource pool based on the sensing results, and receiving will monitor SCI in all configured Rx pools. 
(2) Supporting time-domain resource selection
BWP is the concept in the frequency-domain, while resource pool includes both time-domain and frequency-domain concept. To simplify the transmit/receive procedure, available slots or symbols for transmitting/receiving could be defined in the resource pool [2].
Observation 6: Benefits of resource pool (on top of BWP) include:
· Supporting UE autonomous resource selection 
· Supporting time-domain resource selection
Relationship between sidelink BWP and resource pool
As discussed above, all SL transmissions/receptions should take place within SL BWPs, and a UE is not expected to transmit or receive outside of an active BWP. To support UE autonomous resource selection and time-domain resource selection, resource pools should be also introduced. For relationship between SL-BWP and resource pool, there are two options:
· Resource pool(s) are defined within a BWP: for NR Uu, the Uu data and control channel resources are configured per BWP. For a unified NR design, the sidelink resource configuration, should also be done per SL-BWP. Within an active BWP, a UE can be (pre-) configured with multiple resource pools to transmit and receive as shown in Figure 10. 
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[bookmark: _Ref525664003]Figure 10. Resource pools are confined within a SL BWP
· Resource pool(s) are not defined within a BWP: there can be two cases, 1) resource pools can straddle more than one BWP; 2) a resource pool contains BWP(s). In either case, only the parts of resource pools which are within the active SL BWP can be used for a UE to transmit or receive, as shown in Figure 11. This results in packets missed among UEs even in the same resource pool. On the other hand, in case that a resource pool contains BWP(s), a UE may be configured with multiple resources pool(s) to simultaneously transmit or receive SL, e.g. up to 16 Rx resource pools in LTE-V. This means UE may have a very large number of multiple BWPs being active at the same time, at least for reception purpose. 
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[bookmark: _Ref525723406]Figure 11. Resource pools are not confined within a BWP
In general, a V2X UE will be configured with more resource pools than BWPs. Resource pool selection for an active SL BWP should be determined. One simple approach is configuring association of resource pool(s) and a SL BWP, and available resource pool(s) could be selected by the association when the SL BWP is active.
Another issue is the number of resource pools within a SL BWP, and it depends on the SL transmission mode. For a gNB-scheduled transmission mode (NR SL mode-1), the transmission/reception within an SL BWP may be done with only one resource pool, i.e. resource pool is the same as the SL BWP. For a non-gNB scheduled transmission mode (NR SL mode-2), multiple resource pools may be configured to avoid resource conflicts. In addition, a common SL BWP can be configured for a group of UEs (or all UEs) where they can receive configuration signaling.
Proposal 11: 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.
PSCCH and PSSCH multiplexing
It was agreed in RAN1#94 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· 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: A 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.
Option 2 is used in LTE V2X, where one SL control, e.g. scheduling assignment (SA) is associated with one data transmission, where the SA and data are multiplexed in frequency in the same subframe, as shown in Figure 12. This structure allows a UE to boost transmission power of SA over data, thus can help improving control channel reliability. This is beneficial for the use cases that require high coverage and higher reliability.
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[bookmark: _Ref524440279][bookmark: _Ref521602572]Figure 12.  FDM of SA and Data in one slot (Option 2)
NR V2X has more stringent requirements than LTE V2X, e.g. extra low latency requirements, thus multiplexing of SL control and data in time domain in a slot is beneficial. This can reduce decoding time since the SA can be processed as soon as all the SA symbols are received, where option 1A, 1B and 3 are proposed, as shown in Figure 13.
· Option 1A: one fundamental basis is that the packet size varies significantly while the size of control information is usually fixed. In order for the frequency resources used by the control and data to be 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 SA and therefore have to perform blinding coding for all possible locations.
· Option 1B: Compared with option 1A, option 1B has less complexity on blind decoding because the resource dimensions of SA can be known independently of the data dimensions. However, the first OFDM symbol is usually used for AGC processing. When the frequency resources of SA and data are different, in order for AGC performance, the power density of SA and data symbols has to be same. The unoccupied RB resource (RB resource of data is larger than that of SA) cannot be allocated for other UEs for transmission to avoid AGC duplication on the first OFDM symbol of a slot. This results in resource utilization inefficiency, particularly when data payload is large.
· Option 3: One of the drawbacks in option 3 compared with option 1A and 1B is the SA coverage, since SA and data share a few symbols in time domain. In order for SA reliability, a power boost may likely be applied to SA over data, e.g. 3 dB. This results in power density imbalance between SA and data (non-overlapping part with SA) symbols and therefore affects AGC performance on first OFDM symbol. In terms of blind decoding, option 3 can also have known SA resource dimensions. Most significantly, option 3 achieves highest utilization efficiency among all proposed TDM options.
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[bookmark: _Ref525664107][bookmark: _Ref521602583]Figure 13. TDM of SA and Data in one slot
Proposal 12: Support both option 2 and option 3 for multiplexing of PSCCH and associated PSSCH.
There is a further question on how different SA+data pairs can be multiplexed, from the transmitter perspective and from the receiver detection perspective. There are two options to consider support multiplexing of two structures:
· Option 1 TDM and FDM multiplexing in orthogonal resource pools (shown in Figure 14): This aids UE complexity by partitioning of resource pools into two categories: either TDM or FDM structure per resource pool, i.e. a UE is (pre)configured to transmit or receive in one structure only in a resource pool. However, partitioning of resource pools leads to resource wastage if there is over-dimensioning, or service disruptions if there is under-dimensioning. In coverage UEs may report some information to gNB for resource pool configurations on a timely basis, but this produces a lot of signaling flows over the Uu link. In addition, there is a significant impact on out-of-coverage UEs, as there is no coordination among UEs for resource pool partitioning.
 [image: ]
[bookmark: _Ref525664150]Figure 14. TDM and FDM multiplexing in orthogonal resource pools
· Option 2 TDM and FDM multiplexing in shared resource pools (as shown in Figure 15): This allows TDM and FDM structure being used simultaneously, i.e. no partitioning of resource pools, meaning maximized resource pool utilization efficiency and most flexible usage of either structure on a per UE basis both in-coverage and out-of-coverage. 
 [image: ]
[bookmark: _Ref525664189]Figure 15. TDM and FDM multiplexing in shared resource pool
Proposal 13: Support to multiplex TDM and FDM structure of PSCCH and PSSCH:
· Option 1 multiplexing TDM and FDM in orthogonal resource pools:
· Option 2 multiplexing TDM and FDM in shared resource pools
RS design
Unlike DMRS design in LTE V2X, NR V2X should take into account waveform, SCS, PSCCH and PSSCH multiplexing, etc.
It is clear that SL will need DMRS, and the design will need to 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 [7], 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. Other sidelink RS such as SRS, PT-RS, and possibly AGC training signal also need to be considered. We discuss reference signals in detail in [6]. 
Proposal 14: In NR V2X, SL SRS, DMRS, CSI-RS, TRS, PT-RS, and AGC training signal need to be further investigated.
Conclusions
This contribution has provided our view on sidelink physical layer structure and procedure for NR V2X:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: NR PSCCH formats supporting repetition of SCI in time and in frequency domain need to be studied, as well as the procedures of UE monitoring of PSCCH so that reliability and latency requirements are met.
Proposal 2: NR V2X SCI formats need to support the coexistence of unicast/groupcast/broadcast, in addition to the support of HARQ ACK/NACK feedback and CSI reporting. 
Proposal 3: Define a physical sidelink feedback channel (PSFCH) for NR V2X which carries at least SL-ACK/NACK and SL-CSI.
Proposal 4: Define a physical sidelink discovery channel (PSDCH) for NR V2X.
Proposal 5: NR V2X supports CP-OFDM only.
Observation 1: Link-level performance of 120 kHz SCS has no gain over that of 60 kHz SCS in FR1, whilst requiring more symbols to be spent on AGC and gap time.
[bookmark: _GoBack]Observation 2: In addition to necessity for supporting the range of envisaged scenarios, 60 kHz SCS also provides reduced packet delivery latency, reduced sensitivity to ICI,  lower relative DMRS overhead and reduced in-band emission interference
Observation 3: The subcarrier spacing giving the best link-level/system-level performance is dependent on the scenario (e.g., system bandwidth, supported speeds, ...)
Proposal 6: NR sidelink supports NR Uu SCS:
· 15 kHz, 30 kHz and 60 kHz for FR1
· 60 kHz and 120 kHz  for FR2
Proposal 7: Support extended CP at least for 60 kHz SCS in FR1. 
Proposal 8: The NR sidelink frame structure design is based on the existing NR frame structure
· Subframe configuration can allow sidelink-only slots and sidelink-Uu multiplexing within a slot
· The NR Uu slots and symbols indication can be reused, with resources configured as “flexible” on a per-cell basis, and overwritten on a per-UE basis, or group-common DCI with SFI-RNTI 
Proposal 9: Study PSFCH located at the end of SL symbols in a slot.
Observation 4: One active BWP is associated with one RF chain. For a narrower BWP, a RF chain with smaller bandwidth could be used. 
Observation 5: Benefits of sidelink bandwidth part include:
· Supporting UEs with different SL RF capabilities
· Supporting coexistence of Uu and SL transmission in shared licensed carrier
· Supporting flexible sidelink numerology
· Supporting SL UE power saving, particularly for pedestrian UEs
· Supporting SL UE power saving, particularly for pedestrian UEs
Proposal 10: The Uu BWP concept is reused for the sidelink, with sidelink transmission/reception occurring within a SL-BWP. A SL-BWP can be UE-specifically configured. 
Observation 6: Benefits of resource pool (on top of BWP) include:
· Supporting UE autonomous resource selection 
· Supporting time-domain resource selection
Proposal 11: 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.
Proposal 12: Support both option 2 and option 3 for multiplexing of PSCCH and associated PSSCH.
Proposal 13: Support to multiplex TDM and FDM structure of PSCCH and PSSCH:
· Option 1 multiplexing TDM and FDM in orthogonal resource pools:
· Option 2 multiplexing TDM and FDM in shared resource pools
Proposal 14: In NR V2X, SL SRS, DMRS, CSI-RS, TRS, PT-RS, and AGC training signal need to be further investigated.
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