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Introduction
The work item for NR V2X was approved [1] in RAN#83 and the objectives were identified in relation to physical layer structures:
	The objective of this work item is to specify radio solutions that are necessary for NR to support advanced V2X services (except the remote driving use case which was studied in TR 38.824) based on the study outcome captured in TR 38.885.
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]



In this contribution, we propose different solutions for the SL resource pool designs, with particular focus on the control channel design.
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This section delves into the introduction of resource pools within the SL BWP, along with the possible designs, definitions and configuration options of the resource pools.
Configuration of Resource Pools in SL BWPs
Resource pools can be configured within a BWP by the gNB, and the configuration information can be provided to the UEs when operating in Mode 1, in either of the following methods:
· RRC configuration of the BWP with the resource pools defined within them, provided by the gNB to the UEs, or
· RRC configuration of the BWP, provided by the gNB to the UEs, after which the gNB, based on prevalent traffic and QoS conditions, provides the UEs with the configuration of the resource pools within the BWP via RRC signaling or DCI messages.
When the UEs operate in Mode 2, the gNB can also provide cell-specific BWP configurations or pre-configured BWPs with resource pools defined within them.
Observation 1: The configuration of resource pools within a BWP can be provided via RRC configurations by the gNB.

Criteria for Segregation of SL BWP into Multiple Resource Pools
The definition of multiple resource pools within an SL BWP opens up the possibility of assigning individual resource pools for different purposes, thereby segregating the BWP. This would result in less competition among UEs requiring resources that meet certain criteria.
The different criteria under which the BWP could be segregated into resource pools are listed below:
· Communication Types – Broadcast, Groupcast and Unicast
Each of the communication types have different reliability and latency requirements that have to be adhered to. Hence, the definition of resource pools for each communication type would ensure that there is no contention for resources across different communication types and would enable the efficient segregation of resources based on the requirements to be met. 
Due to the introduction of the feedback channel (PSFCH), the design for the broadcast resource pool would vary from that of the unicast and groupcast resource pools. Hence providing configurations of resource pools with and without feedback channel incorporated would be an advantageous design choice.
· Traffic Types – Periodic and Aperiodic
Segregation based on traffic types, periodic (SPS transmissions) and aperiodic traffic (one-shot transmissions) would enable the employing of different sensing mechanisms in these resource pools.
· Operation Modes – Mode 1 and Mode 2
Segregation of the BWP based on the operation modes would enable different procedures to be followed in these resource pools. This can be particularly advantageous for the requirement where UEs can simultaneously operate in both modes, for traffic being generated by different applications.
· UE Locations
This is similar to LTE V2X, where resource pool segregation is based on the location of UEs. 
Proposal 1: We propose to configure multiple resource pools within an SL BWP based on different defined criteria. FFS which criteria (or a combination of criteria) are to be selected.

Control-Data Multiplexing
Based on the agreement that at least option 3 for physical channel multiplexing is to be supported in NR V2X, where the control and data channel are multiplexed in a TDM manner, this section explores the possible designs of incorporating a dual control channel.
2-stage SCI Dual Control Channel Design
The decision to have the control channel TDMed with the data channel was based on the understanding that UEs would be able to decode the PSCCH first and determine as to whether the data following it was meant for the said UE or not. This would result in an increase in the operational efficiency of the UE.
With the possibility of pre-emptive resource reservation for high priority transmissions by a UE, other UEs should be capable of decoding the reservation information in advance in order to ensure that the resource requested by the high priority transmission is not being used. Other UEs having scheduled low priority transmissions will in turn vacate the resource requested. The pre-emption of resources would require control messages without any data linked to it, but instead point to other control messages. It is also important to note that the pre-emption control message is decodable by all UEs, in order to decode and understand which resources are reserved in the future time slots.
With this motivation, we propose a common control channel or PSCCCH, where these control messages can be transmitted. The PSCCCH can be designed to be either FDMed with the proposed resource pool design, or incorporated with the existing PSCCH in a TDM manner.
In the FDM design, the PSCCCH can be a set of RBs or a subchannel spanning the duration of the resource pool. The subchannel can be smaller than the defined subchannels in the resource pool, because the PSCCCH would not need many resources to transmit the pre-emption messages. In the TDM design, the PSCCCH are TDMed with the PSCCH by occupying symbols in the beginning of the time slot. In the absence of such messages, the UE can utilize these symbols for normal PSCCH transmission. 
Observation 2: A common control channel will facilitate the pre-emptive reservation of resources for high priority transmissions.
Proposal 2: We propose to support the configuration of a common control channel, which is either FDMed with the resource pool or TDMed with the PSCCH in the resource pool. 
In- and Out-of-Coverage Dual Control Channel Design
Given that both Mode 1 and Mode 2 NR UEs have to coexist and it is feasible to assume that sharing of resources among the operational modes would result in an optimized resource allocation solution, we propose a dual control channel design, where the SCIs for UEs operating in Mode 1 would be transmitted and received in a separate control channel, and the SCIs for UEs operating in Mode 2 would use another adjacent control channel. These control channels are TDMed to each other, as with the data, and would span one or two symbols across time within the time slot.
Both the control channels are read by both modes of UEs, with the Mode 1 UEs being able to use the Mode 2 control region to transmit data only if it has sent out an SCI claiming the following data symbols in the given subchannel.
The primary advantage of this design is that when a Mode 2 UE senses the Mode 1 control region and finds it to be vacant or empty, it can be guaranteed that no Mode 1 UE would use the data symbols following it. The only competition the Mode 2 UEs would have is with other Mode 2 UEs which also sense the availability of the resource at the same time. This is made possible with the Mode 2 UEs sensing only the Mode 1 control region, reducing the sensing burden of the UEs as well. 
Proposal 3: We propose to support the in- and out-of-coverage dual control design in order to mitigate the impact of collisions in resource allocation between Mode 1 and Mode 2 UEs.

Procedures for Pre-emptive Reservation of Resources
When a UE reserves resources in a future time slot, it essentially requires another UE intending to use the resources in the future time slot to refrain from its transmission. However, this can cause conflicts in transmissions, as described below:
· A UE intending to use a scheduled resource within a future time slot in an SPS manner to transmit high priority transmissions, clashes with another UE that has pre-emptively reserved the same resource for a high priority transmission as well.
· More than one UE reserves the same resources within the same future time slot for high priority transmissions.
It is possible, however, for the TX UE carrying out the pre-emptive reservation of resources to reserve more than one resource at the same intended time slot, but in different subchannels, where it is required to transmit. This would resolve the conflict where there is another TX UE that is already scheduled to use one of the reserved resources with a high priority transmission. The initial TX UE would simply carry out short term sensing [3, 4] (e.g. listen before talk with a random back-off counter) within the time slot in order to determine which resource it can use from among the resources reserved across the different subchannels.
The use of short-term sensing to determine the exact resource to be used will also resolve the conflict where more than one TX UE reserves the same resources. Using a random back-off counter, both TX UEs will have different back-off counters, enabling them to listen and check whether the resource in question is available or not.
Proposal 4: We propose to define the following procedures for the implementation of the pre-emptive reservation of resources:
· A UE will reserve more than one resource in order to resolve any resource conflict that may arise.
· A UE will carry out short term sensing on the given time slot in order to select the available resource.
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NR V2X based on NR sidelink may be deployed in dedicated carriers (e.g. in ITS spectrum) or in shared carriers, i.e. V2X shared with cellular services [2]. For the case of dedicated carriers, all symbols in a slot are available for SL, whereas for the case of shared carriers only a subset of symbols in a slot may be available for SL and has to be shared with slot symbols dedicated for DL or UL.
Both dedicated and shared carrier deployments, therefore, require definition of respective slot formats indicating which symbols in a slot are available for NR sidelink.  
Proposal 5: Define slot formats for NR sidelink in dedicated and shared carrier with indication of which symbols in a slot are dedicated for sidelink.

Conclusion
Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: The configuration of resource pools within a BWP can be provided via RRC configurations by the gNB.
Observation 2: A common control channel will facilitate the pre-emptive reservation of resources for high priority transmissions.
Based on these observations, we propose the following:
Proposal 1: We propose to configure multiple resource pools within an SL BWP based on different defined criteria. FFS which criteria (or a combination of criteria) are to be selected.
Proposal 2: We propose to support the configuration of a common control channel, which is either FDMed with the resource pool or TDMed with the PSCCH in the resource pool. 
Proposal 3: We propose to support the in- and out-of-coverage dual control design in order to mitigate the impact of collisions in resource allocation between Mode 1 and Mode 2 UEs.
Proposal 4: We propose to define the following procedures for the implementation of the pre-emptive reservation of resources:
· A UE will reserve more than one resource in order to resolve any resource conflict that may arise.
· A UE will carry out short term sensing on the given time slot in order to select the available resource.

Proposal 5: Define slot formats for NR sidelink in dedicated and shared carrier with indication of which symbols in a slot are dedicated for sidelink.
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