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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#94, the following agreements were made [2]:
· 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
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.
· RAN1 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.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Requirements for NR V2X Physical Channel Multiplexing Design
Based on the use cases for NR V2X as stated in [1], the following are the physical channel multiplexing design requirements and constraints which have to be adhered to. We also consider the features available from the NR framework which can be incorporated into the physical channel design.
Time-Continuous Control Resources
Given the very tight latency requirements of NR V2X use cases, an NR V-UE should be able to transmit or receive control and data at any given point in time, immaterial of whether the information pertains to a given communications type of broadcast, groupcast or unicast. This would translate into a key requirement that a time-continuous control region needs to be defined, where the V-UEs can transmit their control information at any time. 
This can be achieved by either having a time-continuous control channel, similar to that of LTE V2X, or by having control symbols in every transmission interval.
Implicit Association between Control and Data Resources
Since the NR V-UEs need to function in both in- and out-of-coverage scenarios, with or without the presence of the gNB organizing the resource allocation, there needs to be an implicit association between the control and data resources. When a V-UE intends to transmit any control information followed by data, especially without the assistance of the gNB, the V-UE should be able to sense the channel and determine the control and data resources available for transmission. If there is no implicit mapping between them, there is an increased probability of collisions as they can occur for control and data resources. 
The control information for a V-UE has to be mapped to particular control resources within the channel, and cannot be interleaved or spread over the entire control region.
Optimization of Resource Sharing Across Communication Types
LTE V2X supports only a single communication type over the PHY layer – broadcast communications. However, NR V2X should support all the three communication types, and hence the resources to be used across these communication types need to be optimized. Each communication type can be associated to a resource pool or a BWP, and the size of the resource pool or BWP can be dynamic in nature, depending on the traffic for each of the communication types.
Feedback Channel
The requirement for high reliability would bring about the necessity of having a feedback channel in order to support ACK/NACK feedback for particular communication types. In addition to this, the channel should also be able to provide CSI and CQI information in order to optimize the resources to be selected for transmissions.
Utilization of NR Features
5G NR has provided a series of improvements over the existing LTE-V2X specification which can be leveraged and adopted into the new NR V2X standard. The major highlights of 5G NR are the ability to support multiple numerologies, the use of BWPs as well as a flexible slot design for TDD configurations.
Multiple numerologies would open the possibility of NR V2X systems to transmit and receive using higher SCSs, which also translates to shorter transmission intervals. Moreover, it supports slot-based transmissions and flexible slot configurations. However, the switching time between SCSs and the AGC retuning time has to be taking into consideration when exploring these options. 
Additionally, the use of BWPs in NR is necessary because of the larger bandwidth that NR systems support. By directing a UE to monitor control in only a sub-section of the entire bandwidth, the energy efficiency and processing time are greatly improved.
[bookmark: _GoBack]The flexible slot structure in NR Rel-15 defines slot formats as a combination of symbols which are denoted as downlink, uplink or flexible. This facilitates flexible slot configuration for uplink and downlink in TDD fashion, i.e. dynamic scheduling of the transmission direction even within one slot. This way a flexible accommodation to different traffic requirements, e.g. for eMBB or URLLC scenarios, can be achieved. As the advanced V2X use case groups span a diverse range of requirements regarding transmission rate, latency and reliability, the adoption of the flexible slot format for NR sidelink would allow capitalizing on these provisions also for NR V2X communications. 

Possible Physical Channel Multiplexing Designs
This section presents the different NR V2X channel multiplexing schemes.
Introduction of Resource Sets for Each Communications Type
Given that NR V2X is required to support broadcast, groupcast and unicast communication types, and since each of them have their own unique characteristics, it would be advantageous to divide the V2X resources for each of the communication types.
Factoring in the BWP and CORESET features of NR 5G, a legacy LTE V2X resource pool structure can be retained, with the difference that the control sub channel is a control BWP consisting of multiple sub channels within it. This is followed by the data BWPs in a FDM fashion, with each data BWP assigned to each communication type. The size of the data BWPs can be dynamic, depending on the current traffic scenario for each of the types. It is also possible to merge the groupcast and unicast communication data BWPs, since unicast communications can be considered as a special case of groupcast communications, where the group consists of only two member V-UEs.
Considering the AGC settling time issue, and referring to the LS from RAN4 [3] regarding the transition time between BWPs of different SCSs, each resource pool and the BWPs within it are defined with a single SCS. The different transition times are detailed in Table 1.
It is possible to consider a time shifted version with the same concept, where the BWPs could belong to different SCSs, in order to account for the transition time.
	Band Operation
	Conditions
	Transition Time

	Intra-Band Operation
	Same centre frequency before and after bandwidth adaptation
	Up to 20 µs

	Intra-Band Operation
	Different centre frequencies before and after bandwidth adaptation
	50~200 µs

	Inter-Band Operation
	N/A
	Up to 900 µs



Table 1: Transition time based on RF aspects (not including AGC settling time) for below 6GHz [3]
Proposal 1: Study the possibility of a resource pool containing BWPs, with BWPs assigned individually for control and for each communication type.

TDM/FDM Dual Control Channel Design
In this design, the resource pool in a given SCS consists of data BWPs for each communications type – broadcast, groupcast and unicast. The control information for a transmission is divided into two entities – the Common Control BWP, which is time-continuous, pointing to CORESETs residing within the respective data BWPs. The Common Control BWP is FDMed with the data BWPs, and the CORESETs are TDMed with the data within the data BWPs, as seen in Fig. 1.
All V-UEs will listen to the Common Control BWP at all times, irrespective of whether they are a part of a group or carrying out unicast or broadcast transmissions. The control information in the Common Control BWP will carry the following content:
· Type of communication, which will inform the receiving V-UE as to which BWP to decode for the respective CORESET and data,
· Priority of the transmission, so that the UE can accordingly decode the relevant CORESET and data,
· UE ID, in the case of unicast communications, or group ID, in the case of groupcast communications. Based on the given ID, the V-UE can decide whether the transmission is relevant to it, and if yes, decode the relevant CORESET and data,
· In the case of groupcast communications, information regarding the resources pertaining to a given group will be defined. This is discussed in more detail in our accompanying contribution [4] on groupcast resource allocation.

The CORESET will provide the receiving V-UEs with further information regarding whether the transmission is aperiodic or periodic, in which case the duration and periodicity of the following transmissions will be specified, along with other remaining control information. In the case of groupcast communications, the member V-UEs will transmit control information relevant to the group they belong to in the CORESETs.
[image: ]
Figure 1: TDM/FDM Dual Control Channel Design

This design permits the possibility of V-UEs transmitting large amounts of data across time slots, as depicted in Fig. 1. It is also conducive to the sensing procedure, with the advantage that V-UEs will have to sense only the Common Control BWP to determine whether a resource is occupied or not.
The design is also capable of functioning in a time-shifted manner, where the common control information will point to the corresponding CORESET and data in the next time slot. This will provide the flexibility of the Common Control BWP and the data BWPs to bear different SCSs.
Proposal 2: Study further the feasibility of a split control channel design in order to streamline the co-existence of different communication types, while utilizing NR features such as BWPs and CORESETs.
Proposal 3: We suggest that the TDM/FDM dual control channel design be the baseline for further study.
· Dual control channel design with data BWPs catering to different communication types:
· Common Control BWP FDMed with data BWPs,
· CORESETs TDMed within data BWPs.
· Direct relationship between control and data, with the option to prioritize receptions,
· Sensing only over the Common Control BWP, reducing sensing effort.

In- and Out-of-Coverage Dual Channel Design
This dual control channel design tackles the challenges of mode 1 and mode 2 co-existence. The control channel is divided into two sub channels – one for Mode 1 V-UEs and the other for Mode 2 V-UEs. 
Mode 1 V-UEs transmit the control information followed by the corresponding data in a time shifted fashion, whereas the Mode 2 V-UEs transmit control and data in the same time slot. The advantage of such a design is that when a Mode 2 V-UE senses the control channel and finds the sub channel for Mode 1 as vacant, it can be guaranteed that no Mode 1 V-UE is using the data in the next time slot. Hence it can transmit its control and data in the said next time slot. This design is shown in Figure 2.
[image: ]
Figure 2: In- and Out-of-Coverage Dual Channel Design
Proposal 4: Study further the impact of collisions in resource allocation between Mode 1 and Mode 2 V-UEs.
Proposal 5: We suggest that the in- and out-of-coverage dual channel design be the baseline for further study:
· Time deferred control-data association for Mode 1 V-UEs,
· Same slot control-data association for Mode 2 V-UEs.

Feedback Channel Design
In this section, the incorporation of a feedback channel is discussed. In the case of SPS transmissions, the control information transmitted by a V-UE will contain details of allocation of resources for feedback in the subsequent time slot of the SPS transmission. The receiving V-UE can then send the feedback for the previous transmission in the said subsequent time slot, which is depicted in Fig. 3. 
[image: ]
Figure 3: Feedback Channel Design
Proposal 6: Study the feasibility and necessity of feedback channels, at least for unicast and groupcast communications, with the feedback resources incorporated in the subsequent data transmissions.
Flexible Slot Structure 
The flexible slot structure in NR Rel-15 defines slot formats as a combination of symbols which are denoted as downlink, uplink or flexible. Cell-specific slot formats can be combined with device- or group-specific slot formats. In Figure 4, options a) to d) depict four examples of possible sidelink slot configurations, where two UEs, denoted UE1 and UE2, are transmitting on different time instances using the depicted configurations. 
These two UEs may be communicating with each other, or to different UEs on slots dedicated for sidelink as denoted by S. When the UE1 is assigned for transmission, all other UEs are receiving, similar to the existing V2X half-duplex constraint. Flexible slots (F) in this case can be used to switch between transmission and reception. Alternatively, flexible slots (F) can be overridden so that they can be used as slots for sidelink communication (S). 
[image: ]
Figure 4:	Examples for Sidelink Slot Configurations
Proposal 7: Study the NR flexible slot formats for NR sidelink physical structure.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Proposal 1: Study the possibility of a resource pool containing BWPs, with BWPs assigned individually for control and for each communications type.
Proposal 2: Study further the feasibility of a split control channel design in order to streamline the co-existence of different communication types, while utilizing NR features such as the BWP and its CORESET.
Proposal 3: We suggest that the TDM/FDM dual control channel design be the baseline for further study.
· Dual control channel design with data BWPs catering to different communication types:
· Common Control BWP FDMed with data BWPs,
· CORESETs TDMed within data BWPs.
· Direct relationship between control and data, with the option to prioritize receptions,
· Sensing only over the Common Control BWP, reducing sensing effort.

Proposal 4: Study further the impact of collisions in resource allocation between Mode 1 and Mode 2 V-UEs.
Proposal 5: We suggest that the in- and out-of-coverage dual channel design be the baseline for further study:
· Time deferred control-data association for Mode 1 V-UEs,
· Same slot control-data association for Mode 2 V-UEs.

Proposal 6: Study the feasibility and necessity of feedback channels, at least for unicast and groupcast communications, with the feedback resources incorporated in the subsequent data transmissions.
Proposal 7: Study the NR flexible slot formats for NR sidelink physical structure.
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