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Introduction
The study item for NR V2X was approved [1] in RAN#80 and the objectives were identified in relation to physical layer structures:
	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:
1: Sidelink design [RAN1, RAN2]:
	Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
-	Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
-	Study NR sidelink physical layer structures and procedure(s)
-	Study sidelink synchronization mechanism
-	Study sidelink resource allocation mechanism (also including objective 3)
-	Study sidelink L2/L3 protocols



In the previous meeting in RAN1#95, the following agreements were made [2]:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: 
· Only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.

Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Single SL BWP Defined in a Carrier
Based on the agreements made in the previous meeting, this section analyses the impact of having only a single SL BWP configured in a carrier with reference to the capability of the NR V2X system meeting the defined latency and reliability requirements.
Inefficient Utilization of Multiple Numerology Feature of NR
NR provides the option for UEs to use resources across different numerologies. This essentially means that BWPs having different SCSs can be configured, with each of them pertaining to different high reliability and low latency applications. UEs will then be able to transmit and receive in BWPs of different SCSs based on the application’s QoS demands.
Each of the BWPs of different SCSs can be assigned and segregated into different categories, based on the communication types, traffic types or QoS requirements that can be met. This would enable UEs to select an appropriate BWP pertaining to a defined category in order to meet the demands of particular applications. 
Restricting this feature would result in the NR V2X system not being able to achieve the requirements detailed in [3].
Observation 1: The current working assumption in NR V2X restricts the use of multiple numerologies in a single carrier, thereby possibly not being able to meet the most stringent performance requirements.

Complexities due to Switching between BWPs of Different Numerologies 
The time taken by UEs to switch between numerologies could be detrimental to the latency of V2X communications. The AGC settling time and transition time between BWPs of different SCSs was handled in the past with an LS from RAN4 to RAN1 [4], with the details discussed in [5].
Observation 2: Switching between BWPs of different numerologies could result in additional delays due to the AGC switching and retuning.

Restrictions on UEs Listening to Multiple BWPs 
The introduction of multiple BWPs in a carrier would require that a UE should be capable of at least listening to more than one of the resource entities of different SCSs. This is vital because an NR UE should be able to listen to neighbouring UEs which might be operating on other BWPs on a different carrier. 
In the case of BWPs, the current NR specification dictates that only one single active BWP for a given communication direction can be supported. This essentially means that an NR UE cannot listen to more than one BWP at a given point in time, which tends to be a problem for V2X communications. This would mean that for example, an NR UE listening to a BWP catering to any of the advanced NR use cases cannot listen to the emergency BSMs which are being broadcast by a legacy LTE UE at the same time.
Observation 3: Having only a single active BWP would restrict UEs from listening to other/neighboring UEs operating in other BWPs.
Proposal 1: Defining a single BWP for a given carrier restricts the use of multiple numerologies in NR V2X, and the pros and cons of this decision have to be further studied in order to justify the restriction.

Resource Pools Defined in a BWP
This section delves into the introduction of resource pools within the BWPs, along with the possible designs, definitions and configuration options of the resource pools.
Configuration of Resource Pools in a 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 DCI signalling.
When the UEs operate in Mode 2, the gNB can also provide cell-specific BWP configurations or pre-configured BWPs with resource pools within them.
Observation 4: The configuration of resource pools within a BWP can be provided via RRC configurations of the BWP, or by the gNB.

Criteria for Segregation of BWPs into Multiple Resource Pools
The definition of multiple resource pools within a BWP opens up the possibility of assigning individual resource pools for different purposes, thereby segregating the BWP. This would result in lesser competition among UEs looking for 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. The definition of resource pools for each communication type would ensure that there is no contention for resources across communication types and would enable the efficient segregation of resources based on the requirements to be met. 
· Traffic Types – Periodic and Aperiodic
Segregation based on traffic types, periodic (SPS transmissions) and aperiodic traffic (one-shot transmissions), 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.
· QoS Requirements
QoS driven resource allocation can map transmissions according to the 5QI to resource pools to meet the QoS requirements, in order to allocate resources with minimum delay and ensure high quality for services requesting URLLC. This could allow transmissions with strict QoS requirements a prioritized access to different resource pools, as discussed in our accompanying contribution [6].
· UE Locations
This is similar to LTE, where resource pool segregation is based on the location of UEs.
Proposal 2: We propose to study the configuration of resource pools based on different defined criteria.

Definition of Resource Pools in a BWP
In LTE, the resource pools were defined to be discontinuous across time, with the efficient use of bitmaps, and were contiguous in frequency, with the option of the control and data sub-channels being adjacent or non-adjacent to each other.
In NR, the resource pools could be defined in either of the following means, as depicted in Figures 1 to 4:
· Design 1: Continuous over time and contiguous over frequency
· Design 2: Continuous over time and non-contiguous over frequency 
· Design 3: Discontinuous over time and contiguous over frequency
· Design 4: Discontinuous over time and non-contiguous over frequency
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Figure 1: Resource Pool Design 1 - Continuous over time and contiguous over frequency

The advantage of the resource pools being continuous over time is that a UE can access any of the different types of resource pools at any given time slot. This would enable the low latency functioning of V2X systems, with UEs being able to transmit any emergency message in a high QoS resource pool without having any latency constraints.
On the other hand, resource pools being discontinuous over time maintain the advantage that although the UEs have the added latency issue of waiting for the instance of a given resource pool to occur, UEs will be able to receive transmissions from other resource pools without being impacted by the half-duplex problem. The latency issue is further decreased if the resource pool is implemented in a BWP of high SCS.
Resource pools that are contiguous over frequency offer the ease in defining them, but non-contiguous resource pools offer the advantage of introducing frequency diversity. Thus, it is beneficial to consider these parameters while designing resource pools to accommodate services with different requirements. 
Proposal 3: We propose to study the different designs of resource pools defined in a BWP, based on the different segregation criteria such as communication types, traffic types, operation modes, QoS requirements and UE location.
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Figure 2: Resource Pool Design 2 - Continuous over time and non-contiguous over frequency
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Figure 3: Resource Pool Design 3 - Discontinuous over time and contiguous over frequency
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Figure 4: Resource Pool Design 4 - Discontinuous over time and non-contiguous over frequency

Control-Data Multiplexing
Based on the agreement that at least option 3 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 announcement of resource pools to be used by a group leader UE in the case of groupcast communications, as described in [7], would also require other group leader UEs to listen to this announcement to ensure that there is no collision of resource allocations.
Both these use cases are unique in the sense that both the pre-emptive reservation and announcement messages are control messages without any data linked to it, but instead point to other control messages.
With this motivation, we propose a common control channel or PSCCCH, where these control messages can be transmitted. In order to maintain the operational efficiency of the system, they 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. The design is depicted in Figure 5.
Proposal 4: We propose to study further the configuration of a common control channel, which is TDMed with the PSCCH.
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Figure 5: 2-Stage SCI Dual Control Channel Design

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 SCI or 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. This can be seen in Figure 6.
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 sub channel.
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. 
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Figure 6: In- and Out-of-Coverage Dual Control Design
Proposal 5: Study further the impact of collisions in resource allocation between Mode 1 and Mode 2 UEs.
Proposal 6: We suggest that the in- and out-of-coverage dual control design be the baseline for further study.

Flexible Slot Structure for dedicated NR Sidelink Carriers
In this section we discuss the NR flexible slot structure of NR Rel-15 with regard to NR sidelink for dedicated NR sidelink carriers. In our companion contribution [8] we have discussed NR flexible slot structure concerning shared sidelink carriers.
For NR V2X communications, NR flexible slot format would facilitate dynamic scheduling of the transmission direction of NR sidelink UEs even within one slot. This way accommodation of the diverse range of traffic requirements for the advanced NR V2X use cases regarding transmission rates, latency and reliability could be achieved.
Proposal 7: Adopt the NR flexible slot format for NR sidelink physical structure in a dedicated NR sidelink carrier.
[bookmark: _GoBack]In a dedicated sidelink carrier all slots/symbols are used for sidelink communication. When adopting the NR flexible slot format, a dedicated classifier ‘sidelink’ (‘S’) should be introduced for OFDM symbols and signalled to the sidelink UEs. In Figure 7, examples a) to e) depict five possible slot formats for a dedicated sidelink carrier. Example 7 a) shows a slot format where all symbols in a slot are classified as ‘sidelink’ (’S’). In examples 7 b) to e) the slot format of 7 a) is modified such that one or more of the sidelink symbols are replaced by ‘flexible’ (’F’) symbols at the start, end or middle of the time slot. The ‘flexible’ (’F’) symbols could be used e.g. as guard symbols when switching between transmission and reception on the dedicated sidelink carrier.  Example 7 e) illustrates how ‘F’ symbols could be used to divide a time slot into two parts. 
Proposal 8: Study dedicated slot format indication for OFDM symbols/slots in a dedicated sidelink carrier and related flexible slot formats.
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Figure 7: Examples for possible flexible slot formats in a dedicated NR sidelink carrier
In Figure 8, options a) to d) depict four additional examples of possible sidelink slot configurations for a shared carrier, where two UEs, UE1 and UE2, are transmitting, for example, on two different time instances using the depicted configurations. These two UEs may be communicating with each other, i.e., forming either a bi-directional configuration, or to different UEs on a set of symbols dedicated for sidelink communication (as denoted by S). In the case of unicast communications, two UEs are capable of operating in the same slot, especially when the symbols to be used by one UE are configured either by the other UE or by the gNB. 
Flexible symbols in this case can be used to switch between transmission and reception between the UEs. Alternatively, the flexible symbols can also be overridden so that they can be used for sidelink communication if needed or configured by the group lead UE and/or the gNB. 
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Figure 8: Examples for Flexible Sidelink Slot Configurations for bidirectional communication
For bi-directional communication, feedback information is one of the important features that need to be evaluated in this study item. For example, if UE1 is configuring a bi-directional communication with UE2, the selected slot configuration for UE2 can be used to convey sidelink feedback information. Since other feedback information, including information regarding link adaptation, is still under discussion, it is important to study the possible number of feedback symbols to be used.
Proposal 9: Study the mechanism in which sidelink feedback information can be conveyed using the NR flexible slot format for the NR sidelink physical structure.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: The current working assumption in NR V2X restricts the use of multiple numerologies in a single carrier, thereby possibly not being able to meet the most stringent performance requirements.
Observation 2: Switching between BWPs of different numerologies could result in additional delays due to the AGC switching and retuning.
Observation 3: Having only a single active BWP would restrict UEs from listening to other/neighboring UEs operating in other BWPs.
Observation 4: The configuration of resource pools within a BWP can be provided via RRC configurations of the BWP, or by the gNB.
Based on these observations, we propose the following:
Proposal 1: Defining a single BWP for a given carrier restricts the use of multiple numerologies in NR V2X, and the pros and cons of this decision have to be further studied in order to justify the restriction.
Proposal 2: We propose to study the configuration of resource pools based on different defined criteria.
Proposal 3: We propose to study the different designs of resource pools defined in a BWP, based on the different segregation criteria such as communication types, traffic types, operation modes, QoS requirements and UE location.
Proposal 4: We propose to study further the configuration of a common control channel, which is TDMed with the PSCCH.
Proposal 5: Study further the impact of collisions in resource allocation between Mode 1 and Mode 2 UEs.
Proposal 6: We suggest that the in- and out-of-coverage dual control design be the baseline for further study.
Proposal 7: Adopt the NR flexible slot format for NR sidelink physical structure in a dedicated NR sidelink carrier.
Proposal 8: Study dedicated slot format indication for OFDM symbols/slots in a dedicated sidelink carrier and related flexible slot formats.
Proposal 9: Study the mechanism in which sidelink feedback information can be conveyed using the NR flexible slot format for the NR sidelink physical structure.
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