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During discussion of the NR V2X SI, RAN1 have discussed the possibility of supporting some form of UE-assisted resource allocation, in which one UE either assists or performs resource allocation for another UE ([1], section 7.2.4.1.4).
During the RAN2 email discussion [104#59] summarised in [3], there was consensus not to support “indirect scheduling” of one UE by another for mode 1 (Question 1-4), but there was interest from some companies in supporting an “indirect resource pool” approach especially for groupcast, related to mode 2 (Questions 1-12 and 1-13).  Such an operation would fall within mode 2(d) (one UE schedules resources for another, which RAN1 have understood broadly to include “assistance” with resource selection).  This is consistent with the RAN1 agreement from the January 2019 ad-hoc to study the case that “at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group” ([4]).  This document further examines the indirect resource pool approach.
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We assume indirect approaches are especially useful for partial-coverage scenarios, in which the in-coverage UE forwards the resource pool to an out-of-coverage UE.  As noted in the email discussion and suggested by the RAN1 conclusion, this could be particularly suitable for groupcast use cases, where an in-coverage UE (most likely the group leader, though it seems needed to consider what happens if the leader is out of coverage, as well as leaderless groups) forwards a resource pool to multiple out-of-coverage UEs that can then use it to communicate.  It can also apply to in-coverage use cases as a way of maintaining reliable communication with a fixed configuration, which could persist through handover and avoid the disruption of changing resources frequently.
Baseline approach
As a baseline approach, which seems to be what most companies envisioned in answering questions 1-12 and 1-13, a scheme can be imagined in which the gNB provides a resource pool to the scheduling UE, which then forwards it to the scheduled UE, and the scheduled UE uses resources in the pool based on allocation mode 2(a) (e.g. by random selection).  This would primarily be useful for the partial-coverage case, with the scheduled UE out of gNB coverage (otherwise the scheduled UE could receive the pool directly from the gNB), but this distinction does not seem to affect the specification—if the signalling and procedures are there to support forwarding of a resource pool in this manner, there is no obvious obstacle to using them for an in-coverage UE as well.
A message flow for this approach is shown in Figure 1.


[bookmark: _Ref532549710][bookmark: _Ref532549699]Figure 1: Baseline approach
This baseline approach is easy to support and provides the simplest way for out-of-coverage UEs to obtain resources from the gNB.  It seems obvious that the pool would be indicated by RRC signalling on the sidelink.
Proposal 1: Support a UE-assisted “baseline” approach in which the UE assistance consists of delivering by sidelink RRC signalling a resource pool within which the scheduled UE can perform mode 2(a) resource selection.
Although the strongest use cases are for groupcast, it does not seem necessary to build this restriction into the specification.  The signalling and procedures should be as agnostic as possible to cast type in general, and here it seems that they would be valid for any service whose requirements were compatible with mode 2(a) resource allocation.
Proposal 2: No dependency on the cast type is specified for the baseline approach.
UE-assisted allocation
It is possible to consider a more sophisticated UE-assisted approach, in which the “scheduling” UE obtains a grant of resources by some means (e.g. from the gNB while in coverage, or by an autonomous resource allocation scheme), and subsequently receives, processes, and answers a sidelink BSR from the “scheduled” UE, as shown in Figure 2.  This is similar to the relay-UE-assisted scheduling mode that was considered as part of the FeD2D study item (as described e.g. in [2]), and falls under the scope of mode 2(d) in which one UE schedules sidelink resources for another.


[bookmark: _Ref525033836]Figure 2: UE-assisted resource allocation
The benefit over the baseline approach would be the ability to avoid collisions between UEs listening to the same scheduler—e.g., if the group leader handles scheduling within a pool for the group, it can de-conflict grants for UEs within the group.  The result is an improvement in reliability and in average latency (due to no need for retransmissions after a collision) compared to the baseline approach.
The RAN1 ad-hoc conclusions appear consistent with such an approach.  However, RAN1 did decide that “higher layer” (i.e. above PHY) signalling is used between the scheduling UE and the scheduled UE, meaning that the grant in step 3 could be similar to a type 1 configured grant, but would not be a dynamically scheduled grant conveyed on SCI.
Proposal 3: Consider supporting a UE-assisted approach in which the scheduling UE receives a sidelink BSR sent by the scheduled UE, and responds with a sidelink grant of resources drawn from a configured pool or grant.
The specification impact of this approach is fairly confined; assuming the Uu-RRC signalling in step 1 already exists (for granting resources to the scheduling UE itself), there might be modest impact to that signalling to indicate that the resources can be re-granted to the scheduled UE.  Beyond this, the impact is just to specify the sidelink signalling for the sidelink BSR and resource grant.  It seems reasonable that the BSR would be sent by MAC signalling, the same as it is on Uu.  If the grant follows the model of the type 1 configured grant on Uu, it would use RRC signalling, but in principle it could also be designed to use MAC signalling.
Proposal 4: The sidelink BSR in the UE-assisted case uses MAC signalling on the sidelink; the signalling layer for the sidelink grant is FFS (RRC or MAC).
The delivery of the sidelink BSR in step 2 requires some consideration; this is discussed in the next section.
In addition to the partial-coverage case, this approach can be used for the out-of-coverage use case, provided the scheduling UE has some way to obtain its initial grant, e.g. by preconfiguration, or an autonomous resource reservation scheme (under allocation mode 2(a)).  This could be especially applicable if the scheduling UE is an RSU which effectively has the job of providing coverage for the area for V2X applications.
It can be further considered whether the “pool or grant” in step 1 should be a resource pool shared among multiple scheduling UEs or an exclusive grant for a specific scheduling UE, e.g. a configured grant.  If a resource pool is used, the scheduling UEs could prevent collisions between their own scheduled UEs, but there could be collisions between grants from two different scheduling UEs—for example, if two platoons meet on the road, the platoon leaders may be scheduling their members for communication in the same resource pool, resulting in the potential for collision.  However, the gNB allocating resource pools to the scheduling UEs may be able to prevent this scenario, and the problem may not exist for other deployment cases such as when the scheduling UEs are RSUs.
Proposal 5: It is FFS whether the “pool or grant” should be a common pool or an exclusive grant for the scheduling UE.
In the RAN1 terminology, if a resource pool is used, the resource allocation mechanism combines mode 2(d) with mode 2(a) (autonomous resource selection by the scheduling UE within the resource pool); if a configured grant is used, it combines mode 2(d) with mode 2(c) (configured grant to the scheduling UE).  In either case, the specification impact is limited, since existing allocation modes are used between the gNB and the scheduling UE—the main impact is to specify the signalling between the scheduling UE and the scheduled UE.
Proposal 6: UE-assisted scheduling can be supported by joint operation of mode 2(a) or 2(c) (between the gNB and the scheduling UE) with mode 2(d).
Delivery of sidelink BSR
In the UE-assisted approach described above, the scheduled UE needs to send a sidelink BSR to the scheduling UE, which means it needs to use sidelink resources before receiving a sidelink grant.  One way to resolve this would be to follow the Uu model and send a scheduling request first in reserved radio resources.  However, the sidelink offers an alternative that is not available on the Uu interface: using a preconfigured resource pool with allocation mode 2(a) or using a preconfigured resource pattern with configured grant mode 2(c).
Introducing a sidelink scheduling request would add a MAC procedure as well as potentially impacting RAN1 (to reserve radio resources for the SL-SR in the sidelink design).  The specification impact seems lower if the SL-BSR is sent using allocation mode 2(a).  We thus propose to take the second approach.
Proposal 7: To send a sidelink BSR on sidelink, the scheduled UE uses allocation mode 2(a) with a preconfigured resource pool.
The resource pool for BSR transmission could either be sent directly from the gNB to the scheduled UE while in coverage, or forwarded by the scheduling UE; in either case it seems that RRC signalling should be used.  Both alternatives are shown in Figure 3.  It seems necessary to support forwarding through the scheduling UE, for the partial-coverage case; however, when the scheduled UE is in coverage, it seems more expedient to deliver the pool directly.  Thus we suggest that both alternatives should be supported.


[bookmark: _Ref532552041]Figure 3: Message flow with a preconfigured pool for BSR transmission

Proposal 8: The resource pool for sidelink BSRs can be sent directly from the gNB or forwarded by the scheduling UE, using RRC signalling in either case.
Conclusion
This document promulgated the following proposals:
Proposal 1: Support a UE-assisted “baseline” approach in which the UE assistance consists of delivering by sidelink RRC signalling a resource pool within which the scheduled UE can perform mode 2(a) resource selection.
Proposal 2: No dependency on the cast type is specified for the baseline approach.
Proposal 3: Consider supporting a UE-assisted approach in which the scheduling UE receives a sidelink BSR sent by the scheduled UE, and responds with a sidelink grant of resources drawn from a configured pool or grant.
Proposal 4: The sidelink BSR in the UE-assisted case uses MAC signalling on the sidelink; the signalling layer for the sidelink grant is FFS (RRC or MAC).
Proposal 5: It is FFS whether the “pool or grant” should be a common pool or an exclusive grant for the scheduling UE.
Proposal 6: UE-assisted scheduling can be supported by joint operation of mode 2(a) or 2(c) (between the gNB and the scheduling UE) with mode 2(d).
Proposal 7: To send a sidelink BSR on sidelink, the scheduled UE uses allocation mode 2(a) with a preconfigured resource pool.
Proposal 8: The resource pool for sidelink BSRs can be sent directly from the gNB or forwarded by the scheduling UE, using RRC signalling in either case.
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