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Introduction
In RAN1#94 meeting [1], the following agreements were made for resource allocation modes.
	Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


In this contribution, a potential interference in NR V2X Mode 2 is discussed and a possible approach is proposed to mitigate that interference among sidelinks.
Discussion
In Mode 2, UE determines sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured. Such configured sidelink resources are shared in a group of UEs. In this section, a potential interference in SL Mode 2 and a possible solution will be discussed.
Multicast signaling for resource allocation in Mode 2
For sidelink of NR V2X Mode 2, base station/network may indicate the sidelink resource(s) for a UE group. That indication is performed in multicast. Therefore, required control channel elements (CCEs) in PDCCH are reduced comparing to indication in the case of unicast. An example of CCE usages is depicted in Fig. 1. For the multicast, sidelink #2 (SL#2) and SL#5 are grouped in sidelink group #2 (SLG#2), and SL#1 and SL#4 are grouped in SLG#1. This kind of UE grouping for SL communications will economize CCEs in PDCCH. Therefore, Mode 2 is more effective in environment using SLs at high density.
[image: ]
Figure 1. Example of CCE assignment to sidelinks in PDCCH
Potential interference in Mode 2
Communication for extended sensors is one of V2X use cases considered in [2]. We are assuming communication topology for this use case as depicted in Fig. 2. There are the road side units (RSUs) by small cells along a road. These RSUs may be operated in a FR2 band for extended sensors communication as an eMBB application, e.g. uploading LiDAR data, downloading massive dynamic map. Many RSUs are needed to cover necessary areas. However, it is difficult because of restrictions on deployment locations and construction costs (e.g. base station equipment, fronthaul/backhaul line and construction costs). Thus, use of FR2 band introduces a problem of dealing with such coverage holes. In addition, it is easily assumed to have path blocking between RSU and vehicle UEs by obstacles (e.g. building, big cars). To solve this problem, we are considering the use of SL relay. However, interference occurs between SLs in above mentioned dense environment when multiple UEs of SLs transmit using the same resource(s) in frequency and time domain. Because the configured resources are shared among the UEs in the SLG.
[image: ]
Figure 2. Use of sidelinks for extended sensors
Possible solution
In order to avoid interference among SLs, to keep a certain distance is a solution between SLs when the same resource is used for the SLs. It is another possible option that a UE transmits by using different resource(s) from another UE in the SLG. It may be an effective solution to use a different resource pool from neighboring SLs. 
Proposal 1: Mode 2 is allowed to assign multiple resource pools to separate SL groups.
· These resource pools are separated in frequency and time domain each other.

The same resource pool can be reused at distant location based on transmit power of an interfering UE in a sidelink while mitigating an interference to another sidelink [3]. The reuse image is depicted in Fig. 3. In the figure, D(x, y) represents distance between SL#x and SL#y, and Dt(PWn) represents distance threshold for transmission power of the interfering SL#n. When D(x, y) exceeds Dt(PWn), SL#x and SL#y can use the same resource pool. It was also presented in [4] that a SLG uses a different resource pools from neighboring SLGs.
[image: ]
Figure 3. Grouping SLs into an SLG while mitigating interference between SLs
Fig. 4 shows the evaluation result of our proposed method on amount of control signaling from base station. Our proposed method considers transmit power for grouping SLs into an SLG in addition to distance between SLs. It enables to allow more SLs in the same SLG which uses the same resource pool while mitigating interference among SLs. Because of that, number of SLGs can be reduced, then number of CCEs can also be reduced comparing to the conventional method not considering transmit power and method in unicast by base station (Mode 1). It means our method provides better efficiency in frequency usage.
[bookmark: _GoBack]Moreover, we can increase number of UEs involving to the same SLG much more when transmit power is reduced for SLs.
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Figure 4. Relationship between the number of sidelinks and CCEs

Proposal 2: Study transmit power control for Mode 2 to enable more SLs involved in an SL group using the same resource pool.
· FSS control details

In Mode 2(d), a UE needs to schedule SL transmissions for other UEs in the same SLG. For the purpose of this, the scheduling UE needs to know member UEs of the SLG. 
Proposal 3: Member list of the SL group is provided and updated from the network to the SL group for Mode 2(d).
· Provided/updated to the scheduling UE at least.
· How to be provided/updated is FFS.

Conclusion
In this contribution, a potential interference was discussed in NR-V2X Mode 2. Based on the discussion, the following proposals were made:
Proposal 1: Mode 2 is allowed to assign multiple resource pools to separate SL groups.
-	These resource pools are separated in frequency and time domain each other.

Proposal 2: Study transmit power control for Mode 2 to enable more SLs involved in an SL group using the same resource pool 
-	FSS control details

Proposal 3: Member list of the SL group is provided and updated from the network to the SL group for Mode 2(d).
-	Provided/updated to the scheduling UE at least.
· How to be provided/updated is FFS.
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