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1 Introduction
At RAN#86, a new work item “NR Sidelink enhancement” (NR_SL_enh) was approved ‎[1]. One of the objectives is relevant for the present agenda item:
	2. Resource allocation enhancement:
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.



In this contribution, we provide our views on enhancements in sidelink resource allocation mode 2.
2 Discussion
The objective refers to mode 2 enhancements to improve reliability and latency. For reliability metrics, both PRR and PIR are mentioned; this implies that persistent collisions, which are measured by PIR, are to be addressed by the enhancements.
In RAN1#103-e the following conclusions were reached in relation to the present agenda item:
	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary


	 Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of “A set of resources”, including consideration of UL scheduling
· When UE-A sends “A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends “A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type



2.1 On details of resource conflict
According to the categorization of “A set of resources” in the first conclusion listed above, there are 3 types of resources:
1. Resources preferred for UE-B’s transmission;
2. Resources not preferred for UE-B’s transmission;
3. Resources with a detected resource conflict.
At first glance, it might seem that resources with a detected resource conflict are just a subtype of non-preferred resources. According to our understanding, the rationale for having this third resource set type of “resource conflict” was two-fold:
· “preferred” may be interpreted as applying to resources in the future only, while “resource conflict” can apply to past resources even without prediction of future conflict;
· “detected resource conflict” may not have anything to do with expressing/deriving a preference; i.e., a resource conflict detected in the past may be used not just for predicting future resource conflicts and hence non-preferred resources. Instead, an indication of a detected resource conflict could be used, e.g., to trigger additional retransmissions.
2.2 On details of non-preferred resources
The acquisition of information about non-preferred resources on UE-A’s side depends on which device is the intended receiver of UE-B’s transmission, specifically:
a) UE-A is the only intended receiver of UE-B’s transmission; or
b) At least one other UE (e.g., UE-C) is an intended receiver of UE-B’s transmission.
In both cases, the type of non-preferred resource can at least include:
I. Half-duplex – Resources where the intended receiver is expected to be transmitting;
II. Unavailability – Resources where the intended receiver is unavailable, e.g. during receiving UE DRX Off period, etc.;
III. Reception resources of the intended receiver – Resources where it is known that the intended receiver will be receiving transmissions as the intended receiver, e.g., due to known SPS; 
IV. Interference – Resources where it is known that the intended receiver will be interfered by other UEs’ transmissions.
The resources affected by I, II, III and IV are expected to be known at the intended receiver, which for case a) does not require UE-A to acquire any additional information from an external source. However, for case b), UE-A needs to be made aware of the non-preferred resources at the intended receiver.
[bookmark: Obs_RX]Observation 1: When UE-A is not the intended receiver (or not the only intended receiver), then it needs to acquire information about the non-preferred resources at the (other) intended receiver(s).
The information of the non-preferred resources can be requested by UE-A from the intended receiver or it can be provided directly without request to UE-A. The case where this information is made available to UE-B directly from the intended receiver corresponds in practice to application of inter-UE coordination case a).
We note that, if UE-A is made aware of the identity used by the intended receiver(s), then it can in principle infer some of the resource conflicts type I and III by active monitoring of the resource pool (i.e., by detecting SCIs containing that identity). The main benefit of this approach is that it can lead to more efficient signaling, as only the ID of the intended receiver needs to be provided compared to signaling the non-preferred resources type I and III.
[bookmark: Obs_IDs]Observation 2: The acquisition of the ID(s) used by the intended receiver(s) allows UE-A to obtain from its sensing of the resource pool (including decoding of 2nd stage SCI) transmissions of the intended receiver as well as transmissions from other UEs to the intended receiver.
Note that a UE can use different IDs when communicating with different UEs and cast types. However, it is expected that these IDs will change on a much longer time scale than that of inter-UE coordination.
[bookmark: P_IndIDs]Proposal 1: RAN1 to consider the indication to UE-A of the ID(s) used by the intended receiver(s) of UE-B’s transmission to enable UE-A to identify non-preferred resources directly from its resource pool monitoring.
2.3 On details of preferred resources
As discussed in 2.1, the acquisition of information about the “preferred resources” depends on which device is the intended receiver of UE-B’s transmission, specifically:
a) UE-A is the intended receiver of UE-B’s transmission; or
b) At least one other UE (e.g., UE-C) is an intended receiver of UE-B’s transmission.
In case a), the preferred resources are identified from UE-A’s own sensing. In case b), UE-A should be made aware of UE-C’s preferred resources.
For case b), UE-C’s preferred resources can be indicated explicitly by UE-C to UE-A or instead UE-C can indicate its used IDs to UE-A. In the latter case, UE-A can then obtain, directly from its sensing of the resource pool, based on the indicated IDs of UE-C, what are the transmissions that UE-C will be performing and then exclude the corresponding resources from the preferred resource set. As the preferred resources from UE-C may be quite dynamic, whereas UE-C’s IDs are updated less frequently, it is more efficient in terms of signaling overhead to allow the intended receiver to indicate to UE-A all the IDs instead of the preferred resources.
[bookmark: P_IndIDsPref]Proposal 2: RAN1 to consider the indication to UE-A of the ID(s) of the intended receiver, to allow UE-A to determine the preferred resource set.
UE-B can also experience the following types of resource conflict, where it is not able to perform a transmission indicated by UE-A:
V. Concurrent transmission on Uu – Slots in which UE-B has a concurrent higher priority transmission on the Uu interface and due to power limitations is unable to perform the PC5 transmission;
VI. Concurrent transmission on PC5 – Slots in which UE-B has a concurrent transmission (e.g., from an existing pre-reserved resource) and hence it is unable to perform an additional PC5 transmission (i.e., in another sub-channel); 
VII. Half-duplex due to reception – Slots in which UE-B has a reception on the Uu interface or in the same or another PC5 resource pool.
When UE-A indicates the preferred resources, UE-B then has to exclude all the resources in which it has detected a conflict (e.g., due to its own concurrent transmissions or receptions, defined respectively as resource conflict type V, VI and VII). This, of course, is not very signaling-efficient; therefore, it is desirable that UE-A be made aware of the resource conflicts at UE-B and then exclude the corresponding resources from the preferred resource set prior to informing UE-B.
The information of UE-B’s conflicts can be indicated explicitly by UE-B to UE-A or instead UE-B can indicate its used IDs to UE-A. UE-A can then, at least for resource conflicts type VI and VII, obtain directly from its sensing of the resource pool what are the transmissions that UE-B will be performing as well as in which resources UE-B will be receiving; and from that, exclude the corresponding resources from the preferred resource set. Again, the change of conflicting resources is more dynamic than the update of UE-B’s IDs. Therefore, it is more signaling-efficient to indicate to UE-A the relevant IDs of UE-B instead of the list of conflicting resources.
[bookmark: P_IndIDsPrefB]Proposal 3: RAN1 to consider the indication to UE-A of the ID(s) of UE-B, to allow UE-A to optimize the preferred resource set.
2.4 On details of sensing operation at UE-A
For UE-A to be able to provide the best set of preferred resources, UE-A will need to perform full sensing of the resource pool. In case UE-A only performs partial sensing, then the resources that are not sensed will not be part of the preferred resources indicated by UE-A.
Furthermore, in order to be able to detect non-preferred and conflicting resources directly from the sensing procedure, it is desirable that UE-A be aware of UE-B’s and UE-C’s (in case UE-A is not the intended receiver of UE-B’s transmission) ID(s). This implies that, during the sensing procedure of UE-A, UE-A should monitor both PSCCH and PSSCH so that it is able to decode 1st and 2nd stage SCIs.
[bookmark: P_SenseIDs]Proposal 4: RAN1 to consider that during UE-A’s sensing, for the purpose of inter-UE coordination, UE-A decodes both 1st and 2nd stage SCIs and from these infers potential resource conflicts at UE-B as well as non-preferred resources at its intended receiver.
2.5 On resource set information relation to cast type
Regarding supported cast types, inter-UE coordination can be applied in all the supported cast types. Some examples:
· In unicast, UE-B can request that UE-A inform it about resources to preferentially use or avoid for UE-B’s transmissions to UE-A.
· In groupcast, when higher layers provide a group management function, that function can select one UE as “UE-A” for coordinating resources for all intra-group communications.
· In broadcast, a UE which observes persistent collisions can notify some or all the UEs involved in the persistent collisions.
For unicast, groupcast and broadcast, the indication of preferred, non-preferred and conflicting resources does not appear to have a benefit over the other. However, the selected resource set information type should follow the principle of minimal signaling overhead.
[bookmark: P_CastTypes]Proposal 5: RAN1 to study which resource set information method will lead to least signaling overhead in each cast type.
2.6 On details of inter-UE coordination message reliability
Inter-UE coordination can help to increase the reliability of data transmissions in the sidelink shared channel. However, the transmission of coordination messages is itself uncoordinated, and thus may be unreliable due to hidden nodes, half-duplex conflicts, etc. Especially under high system load, coordination messages may frequently collide with data messages (Data-Coordination conflicts) as well as with other coordination messages (Coordination-Coordination conflicts). Without reliable transmission of coordination messages, the expected gains of inter-UE coordination may not be fully realized.
Data-Coordination conflicts may be prevented by imposing a strict separation, in time or frequency, between data message transmissions and coordination message transmissions, similar to what is found in military ad hoc networks [2][3]. As shown in Figure 1, this may be achieved by configuring a dedicated resource pool for Rel-17 inter-UE coordination, used exclusively for transmission of coordination messages. This Coordination Pool may be TDMed or FDMed with the resource pool(s) used for transmission of data messages, i.e., Data Pool(s). In the FDM case, half-duplex conflicts may still occur between data and coordination transmissions (e.g., a UE may not be able to receive a coordination message in a slot if it is transmitting a data message in the same slot). On the other hand, the TDM case may introduce latency in inter-UE coordination, as coordination transmissions can only occur occasionally (e.g., every n-th slot).

[image: ][image: ]
[bookmark: _Ref61564663]Figure 1. Dedicated resource pool for Rel-17 inter-UE coordination
Coordination-Coordination conflicts may also occur within the Coordination Pool (e.g., a UE may be unable to receive a coordination message if it is itself transmitting one). These may be addressed by over-dimensioning the Coordination Pool (e.g., small n in the TDM case), thus reducing the probability of such conflicts. This makes sense because, unlike the Data Pool, which is robust as a result of inter-UE coordination, the Coordination Pool itself, as explained above, is uncoordinated. For example, assume 99% of the total traffic is data and 1% is coordination. Then, instead of dimensioning the Coordination Pool proportionally (i.e., 1% of the total capacity: n=100 slots), one could, for example, over-dimension it by a factor of 10 (i.e., 10% of the total capacity: n=10 slots). In this way, the inter-UE coordination becomes robust (due to low probability of Coordination-Coordination conflicts) even under high system load. In addition, a small n is beneficial in terms of latency for inter-UE coordination. For example, for SCS=60kHz, n=10 slots results in one coordination opportunity every 2.5ms.
Robust coordination may also be achieved without a dedicated Coordination Pool. For example, if coordination messages and data messages share the same pool, robust coordination may be achieved by duplicating coordination message transmissions (i.e., blind retransmission) and/or using stronger MCS. Either way, a price must be paid in terms of spectral efficiency loss in order to maintain robustness. It is not clear which approach (dedicated or shared pool) leads to a higher system capacity or throughput for a given reliability target. Furthermore, it is not clear whether the shared pool approach can really maintain high reliability under high system load.
[bookmark: Pools]Observation 3: Transmission of coordination messages may be unreliable (prone to hidden nodes, half-duplex conflicts, etc.). It is unclear whether transmitting coordination messages and data messages in a shared pool can fulfill the reliability requirements under high system load.
Proposal 6: RAN1 to study whether transmission of coordination messages and data messages in a shared pool can fulfill the reliability requirements under high system load.
Observation 4: Robust coordination (and therefore reliability) will come at a price (capacity loss) regardless of whether coordination messages and data messages are strictly separated (dedicated pool) or not (shared pool). It is unclear which approach will achieve higher throughput for a given reliability target.
Proposal 7: RAN1 to study which approach (dedicated or shared pool) achieves higher throughput for a given reliability target.

3 [bookmark: _GoBack]Conclusions
In this contribution, we discussed enhancements in sidelink resource allocation mode 2 and make the following observations and proposals:
Observation 1: When UE-A is not the intended receiver (or not the only intended receiver), then it needs to acquire information about the non-preferred resources at the (other) intended receiver(s).
Observation 2: The acquisition of the ID(s) used by the intended receiver(s) allows UE-A to obtain from its sensing of the resource pool (including decoding of 2nd stage SCI) transmissions of the intended receiver as well as transmissions from other UEs to the intended receiver.
Proposal 1: RAN1 to consider the indication to UE-A of the ID(s) used by the intended receiver(s) of UE-B’s transmission to enable UE-A to identify non-preferred resources directly from its resource pool monitoring.
Proposal 2: RAN1 to consider the indication to UE-A of the ID(s) of the intended receiver, to allow UE-A to determine the preferred resource set.
Proposal 3: RAN1 to consider the indication to UE-A of the ID(s) of UE-B, to allow UE-A to optimize the preferred resource set.
Proposal 4: RAN1 to consider that during UE-A’s sensing, for the purpose of inter-UE coordination, UE-A decodes both 1st and 2nd stage SCIs and from these infers potential resource conflicts at UE-B as well as non-preferred resources at its intended receiver.
Proposal 5: RAN1 to study which resource set information method will lead to least signaling overhead in each cast type.
Observation 3: Transmission of coordination messages may be unreliable (prone to hidden nodes, half-duplex conflicts, etc.). It is unclear whether transmitting coordination messages and data messages in a shared pool can fulfill the reliability requirements under high system load.
Proposal 6: RAN1 to study whether transmission of coordination messages and data messages in a shared pool can fulfill the reliability requirements under high system load.
Observation 4: Robust coordination (and therefore reliability) will come at a price (capacity loss) regardless of whether coordination messages and data messages are strictly separated (dedicated pool) or not (shared pool). It is unclear which approach will achieve higher throughput for a given reliability target.
Proposal 7: RAN1 to study which approach (dedicated or shared pool) achieves higher throughput for a given reliability target.
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