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1. Introduction
Resource allocation modes and sub-modes were discussed in RAN1#94 meeting and it was agreed to defined at least two modes (mode 1 and mode 2) for NR sidelink that are similar to mode 3 and mode 4 in LTE sidelink. The agreement captured in [1] is repeated below for convenience. 

	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, we focus only on mode 2 operation and discuss about related aspects for some of the above sub-modes.

2. Discussion
2.1 Sub-mode a) UE autonomously selects sidelink resource for transmission
Sensing + SPS for periodic traffic
[bookmark: _Hlk525747375]Under mode 2-a) for UE autonomously selects SL resource for transmission, the same basic working principle in LTE-V2X mode 4, where a UE first perform sensing before resource selection and reservation in a SPS manner, would seem still appropriate for at least periodic traffic transmissions in NR-V2X since the traffic pattern is very predictable and the reservation can be easily understood by other sensing UEs to avoid/minimize Tx collisions. However, in the LTE-V2X mode 4 resource selection/exclusion procedure, it adopted a hard resource selection/exclusion criterion where a SL resource must be excluded from selection if it has been already reserved and the corresponding PSSCH-RSRP measurement result is higher than a threshold. As such, some candidate SL resources could not be selected by the Tx-UE due to only a single or just a few resources down the line that are reserved, and thus limiting the selection and resulting in poor SL resource utilization even though CBR could still be measured at a reasonable level. 
To improve from this, some enhancement or modifications to the existing sensing + SPS resource selection procedure should be considered. As shown in Figure 2 below, UE_2 with higher priority transmissions should be allowed to select and transmit using the set of green colour resources with reservation period of 3 (slots), even if the selection will coincide with an already reserved resource from UE_1 (in X resource). For UE_1, which had originally reserved a set of resources with periodicity of 5 (slots), upon detection of pre-emption by reservation from UE_2 it should not transmit its message in the originally reserved X resource and reselect another resource for one-shot transmission of that particular message.
This type of new behaviour is expected to be useful for medium to heavy congested resource pools, but some restrictions (e.g. no consistent pre-emption/take-over) should be imposed so to minimize negative impact to the original UE.
[image: ]
Figure 1: Pre-emption by reservation for transmission with higher priority. 
Observation 1: Same basic working principle in LTE-V2X mode 4, where a UE first perform sensing before resource selection and reservation in a SPS manner, would still be appropriate for at least periodic traffic transmissions in NR-V2X mode 2.
Observation 2: Some enhancement and modifications by incorporating resource pre-emption by reservation as part of sensing and resource selection procedure would help to secure SL resources for transmitting higher priority messages and to improve utilization of SL resources.
For periodic traffic, in addition, according to the normative requirements specified in [2], the minimum set of reservation periods that should be supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. These, however, do not have to correspond to a set of packet latency requirement, which are normally needed for setting the T2 value {3ms, 5ms, 10ms, 20ms, 25ms, 50ms, 100ms, 500ms}. For future prove or for compatibility to LTE-V2X, some additional reservation periods can be considered. Based on this, the longest/max reservation interval is 500ms in NR-V2X, then the sensing period/window should also be at least 500ms.
Proposal 1: The minimum set of reservation periods that should be at least supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. FFS: if additional reservation periods are needed for the purposes of future provision and/or compatibility to LTE-V2X.
One-shot transmission for aperiodic traffic
For aperiodic traffic, In LTE-V2X mode 4, it is already supported for UEs to perform one-shot transmission with sensing. In a way, it is almost the same mechanism as sensing + SPS. The only difference in this case the transmission is just for one-shot. Although the difference is small, but overall implication to the packet reception or Tx collision is quite different. That is, in the case of SPS, the reservation of periodic SL resources can be detected and known to other UEs performing sensing. But for the one-shot transmissions, it is not possible for others to know in advance UE’s intention to transmit. Therefore, the risk of Tx collision will be higher than the periodic reservation (SPS) case. 
To resolve this, pre-emption type of resource booking could be considered. As shown in Figure 2 below, each UE up on selection of a target SL resource to be used for message transmission, transmits in advance a pre-emption message (e.g. carried in PSCCH) for indicating and booking the target SL resource. To ensure the target SL resource booking is received by others, the pre-emption message is transmitted twice in two random PSCCH resources, in case some UEs could not receive the message in the first transmission due to half-duplex issue or Tx collision with other pre-emptions.
Since the traffic is aperiodic in nature and does not have a fixed periodicity (no resource reservation needed), most likely the UE would transmit the message upon its arrival as soon as there is an available SL resource. Therefore, the gap between pre-emption messages and the selected target SL resource should not be far apart and within the latency limit. As such, the sensing period for resource pre-emption would not need to be too long either to save UE power consumption and memory space. However, this also depends on whether or not this type of pre-emption operation coexists with sensing + SPS operation for periodic traffic in the same resource pool. If a common pool is used, then the sensing period for this pre-emption would follow of that for sensing + SPS (e.g. 500ms). 
Proposal 2: Resource booking by sending pre-emption messages for one-shot transmission of aperiodic type of traffic should be further studied. 
[image: ]
Figure 2: Pre-emption type of resource selection and booking for aperiodic transmissions.

2.2 Sub-modes b) and d): UE assists or schedules SL resources for other UEs
For mode 2-b) and 2-d), the most applicable use case or scenario is for unicast and groupcast type of communications / transmissions, where the group header UE would assist or schedule SL resource for remaining group member UEs. One motivation to introduce this type of resource assignment mechanism will be to avoid Tx collisions at least between UEs within the same group. In addition, the group header will be able to also avoid or minimize half-duplex problem, where more than one group member UEs are transmitting at the same time and would not be able to receive one another’s messages. However, if the group header is to provide dynamic scheduling and assigning SL resources for all group member UEs to transmit their messages, this will incur quite heavy signalling overhead of exchanging SL scheduling requests from group member UEs and responding with SL scheduling assignments from the group header. This, by itself, would have the same Tx collision and half-duplex challenges that we were trying to solve in the first place for unicast and groupcast communications. Therefore, it is observed the degree of assistance from the group header should be at the coordination level to avoid heavy signalling overhead of group member UEs sending SRs and local header responding with SAs. 
In order for the group header to coordinate SL transmissions among all group member UEs (including itself) is to pre-assign / distribute SL resources or Tx opportunities to each group member UE. It is then up to the individual UE to decide when and which of the pre-assigned SL resources to use for transmitting its messages, upon arrival. One way to pre-assign Tx opportunities and evenly distribute them among all UEs is for each UE to take turn in SL Tx. As shown in Figure 3 below, assuming there are four group member UEs in a groupcast session, each UE is pre-assigned with a Tx sequence # (UE 1, 2, 3, 4) and a starting slot (Slot #0). Then following the Tx sequence #, each group member UE take turn in transmitting their messages in a fair-proportional manner. Alternatively, the group header can pre-assign a slot bitmap to each UE (e.g. based on BSR / traffic needs), indicating Tx opportunities in which the UE can perform SL transmissions. 

[image: ]
Figure 3: Fair-proportional distribution of Tx opportunities among group member UEs.

Observation 3: For sub-mode b) and d), it is observed the degree of assistance from a group header UE to other group member UEs within a unicast or a groupcast session should be at the coordination level to avoid heavy signalling overhead of group member UEs sending SRs and the group header responding with SAs.
Proposal 3: For a group header UE to assist in SL resource selection for other group member UEs, the group header should coordinate Tx opportunities / timings within the group so to avoid Tx collisions and half-duplex problem.

3. Conclusion
In this contribution, we discussed about related aspects for some of the potential sub-modes within mode 2 that were identified in the last meeting. In summary, we have the following observations and proposals:
Observation 1: Same basic working principle in LTE-V2X mode 4, where a UE first perform sensing before resource selection and reservation in a SPS manner, would still be appropriate for at least periodic traffic transmissions in NR-V2X mode 2.
Observation 2: Some enhancement and modifications by incorporating resource pre-emption by reservation as part of sensing and resource selection procedure would help to secure SL resources for transmitting higher priority messages and to improve utilization of SL resources.
Proposal 1: The minimum set of reservation periods that should be at least supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. FFS: if additional reservation periods are needed for the purposes of future provision and/or compatibility to LTE-V2X.
Proposal 2: Resource booking by sending pre-emption messages for one-shot transmission of aperiodic type of traffic should be further studied. 
Observation 3: For sub-mode b) and d), it is observed the degree of assistance from a group header UE to other group member UEs within a unicast or a groupcast session should be at the coordination level to avoid heavy signalling overhead of group member UEs sending SRs and the group header responding with SAs.
Proposal 3: For a group header UE to assist in SL resource selection for other group member UEs, the group header should coordinate Tx opportunities / timings within the group so to avoid Tx collisions and half-duplex problem.
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