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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the RAN1#94bis, regarding physical layer structures in NR V2X, the related agreements were made as follows [6]:
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:
· 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

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

In this contribution, we provide our views on physical layer structures.

Discussion
Multiplexing of PSCCH and the associated PSSCH
In LTE V2X, PSCCH and the associated PSSCH are always FDMed in same subframe for latency reduction. In NR V2X, to further reduce data decoding latency, at least one of Option 1A, 1B and Option 3 is supported. In order to reduce blind decoding complexity for control channel for Option 1A, 1B and Option 3, PSCCH and/or PSSCH region can be further partitioned and limited in a resource pool. In LTE V2X, sub-channel based resource pool is defined in order to reduce blind detection effort of Rx UE. In NR V2X, the sub-channel based resource pool configuration is still useful for UE blind detection reduction. For Option 1A, PSCCH and the associated PSSCH can be allocated in same sub-channel. The size of each sub-channel can be configured based on typical packet size, or the packet can be transmitted with various numbers of symbols in each sub-channel. In that way, link budget issue can be solved well. For Option 1B and Option 3, PSCCH within one sub-channel can schedule the associated PSSCH within multiple sub-channels. Comparing with Option 1B, Option 3 has no power transient after the end of PSCCH symbol. So we propose that sub-channel based resource design should be supported at least for Option 1A and Option 3.
Proposal 1: Sub-channel based resource design should be supported at least for Option 1A and Option 3.
Sensing region
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]As discussed in our contribution [5], resource allocation should consider both periodic and aperiodic traffic in shared resource pool. The legacy sensing and resource reservation mechanism is based on SA detection. It is effective for periodic traffic. But for aperiodic traffic, new reservation/pre-emption indictor can be introduced to assist fast sensing. In this way, besides control and data region, sensing region can be studied in physical channel structure design as shown in figure 2-1. New reservation/pre-emption indicator can be transmitted in this sensing region to avoid collision with control and data transmission.
[image: ]
Figure 2-1, control, data and sensing region
Proposal 2: Introduce sensing region to transmit reservation/pre-emption indicator.
Resource pool design 
In LTE V2X, as described in [7], ‘upper bound of PPPP range’ (i.e., priorityThreshold) is configured in each resource pool configuration. If similar design is used in NR V2X, for example, one packet with a certain QoS level (reliability and/or latency requirement) is allocated to a certain resource pool. In this way, the packets with different QoS levels may be allocated to different resource pools and these resource pools may have different numerologies. From a Rx UE’s perspective, based on current agreement, UE cannot monitor multiple resource pools with different numerology simultaneously in a given carrier. In other words, if the multiple resource pools with different numerologies are FDMed in a given carrier, the Rx UE will miss the reception in the resource pool which is not monitored. On the other hand, if the multiple resource pools with different numerologies are TDMed in a given carrier, the Rx UE can monitor the resource pools at different time instant. The switching time granularity of resource pool needs to further consider packet latency requirement. In other words, when a packet is generated, the resource pool configuration should ensure the packet can be transmitted in suitable resource pool (e.g., using corresponding numerology) timely. In conclusion, resource pool configuration and design should consider reliability of reception and meet flexibility of traffic generation.
Observation 1: Resource pool configuration and design should consider reliability of reception and meet flexibility of traffic generation.
Bandwidth part
[bookmark: _GoBack]In NR UL and DL BWPs are configured to a UE to enable UL and DL data transmission and reception respectively. A BWP is a UE specific configuration and therefore if a V2X transmission is made in resources of activated BWP(if defined), then from receiving UE’s perspective the UE needs to be able to receive V2X communication on any portion of the wideband carrier with any numerology that may have been configured to any transmitter UE! This is obviously a problem for V2X reception since not all such UEs may support reception on wideband carrier with multiple numerologies simultaneously. Some of this can be solved by the network configuration limiting the transmission resource pool(s) inside the BWP only in certain time-frequency regions and further allocating different time opportunities to multiplex different numerology. A receiving UE then need not open an RF front to capture the whole wideband carrier and may only need to change numerology for reception from time to time to receive the V2X communication of interest to it. Alternatively, a dedicated BWP for SL operation containing multiple RPs may be configured. The UE autonomously switches to this dedicated BWP on subframes assigned for V2X SL operation.
A number of resource pools can be configured in a BWP, each catering to a different set of numerology/ application. From the transmitter perspective, a resource pool selection needs to be performed keeping in mind the priority associated to each packet. The priority indicated by the upper layers must be map-able to latency and reliability requirements. A resource pool needs to be configured not only with the list of numerologies that should be used for transmission in the resources of this resource pool but with a flexibly duration in time domain as well. A change of BWP will result in UE switching to the RPs on the new activated BWP. Also, if not all possible numerology resource pools are configured in each BWP, the UE may switch the BWP to serve an important V2X application that can not be served in the current activated BWP.
Alternatively the resource pools may be configured without requiring and associating them to BWP(s). The transmitting side behavior will remain the same in resource pool selection and the Uu and SL operations can independently go on. The delay in switching the BWP/ SCS will remain the same irrespective of the approach taken.
Proposal 3: RAN1 is requested to discuss the pros and cons of both approaches (configuring RPs in BWP Vs configuring RPs irrespective of the BWP).

Conclusion
In this contribution, we focus on sidelink physical layer structures in NR V2X and present our views. We have the following observation and proposals:
Proposal 1: Sub-channel based resource design should be supported at least for Option 1A and Option 3.
Proposal 2: Introduce sensing region to transmit reservation/pre-emption indicator.
Observation 1: Resource pool configuration and design should consider reliability of reception and meet flexibility of traffic generation.
Proposal 3: RAN1 is requested to discuss the pros and cons of both approaches (configuring RPs in BWP Vs configuring RPs irrespective of the BWP).
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