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1 Introduction
According to WID [1], the resource allocation enhancement for Rel-17 NR sidelink includes followings:
· Study the feasibility and benefit of 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 if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· 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 discuss about inter-UE coordination for mode2 enhancement and its feasibility and possible benefits.
2 Discussion on inter-UE coordination
Inter-UE coordination in Rel-17 NR sidelink mode2 is to share resource allocation information among the UEs communicating with each other. In Rel-16 NR sidelink mode2, only TX UE performs resource allocation by sensing and resource selection procedure. On the other hand, in Rel-17 NR sidelink mode2, other UE(s) may provide resource selection assistance information (RSAI) to TX UE by inter-UE coordination if its feasibility and benefit are verified. In this section, we discuss about the inter-UE coordination in the regards of performance benefits, supported scenarios, RSAI details, and other issues. 
Performance benefits
In this subsection, we provide system level evaluation results on inter-UE coordination in order to see possible gain. At first, we consider a scenario where RX UE provides RSAI to TX UE by inter-UE coordination. Unlike TX UE based mode 2 resource allocation, RX UE based mode2 can provide the performance advantages for the following aspects:
· Hidden-node problem
· Exposed-node problem
· Half duplex problem
Basically, it is well known that TX UE based mode 2 resource allocation can experience the above problems. Specifically, TX UE may fail to monitor the hidden nodes and select a resource with high interference which lead to reception failure of RX UE. Also, TX UE may exclude the resources by exposed nodes which have low interference and receive successively in RX UE perspective. Moreover, even though TX UE selects a resource properly, half duplex problem can cause transmission failure when RX UE performs transmission and cannot receive simultaneously. If RX UE performs the sensing and resource selection procedure instead of TX UE, above hidden-node and exposed node problems can be resolved. Moreover, RX UE can exclude resources which its transmissions occurs and avoid half duplex problem.
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(a) Periodic Traffic Model 1
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(b) Periodic Traffic Model 2


Figure 1: The performance of inter-UE coordination in sidelink unicast mode
In order to observe the performance benefits from RX UE based mode 2 resource allocation, we applied the following evaluation assumptions in our study:
· Baseline scheme is the Rel-16 mode 2 which TX UE performs sensing and resource selection procedure.
· The same Rel-16 mode 2 sensing and resource selection procedure is applied for inter-UE coordination scheme but it is performed by RX UE instead of TX UE.
· RX UE provides RSAI to TX UE but there is no delay and signalling overhead for sharing RSAI.
The performance evaluation results under these assumptions are shown in Figure 1. More detailed parameters used in this evaluation are given in the Appendix. From Figure 2, the performance benefits from the inter-UE coordination are observed for both periodic traffic model 1 and 2. This can be explained by the fact that RX based resource allocation can address the issues on hidden-node, exposed-node, and half duplex problems. Since the delay and signalling overhead of RSAI was not considered, Figure 1 can be considered as an upper bound performance for RX UE based resource allocation and RSAI sharing between UEs.
Observation 1: RX UE based resource allocation and inter-UE coordination provides performance benefits in mode 2 by addressing hidden-node, exposed-node, and half duplex problems.
Supported scenarios
Besides possible performance benefits, inter-UE coordination in Rel-17 NR sidelink mode2 can be utilized in a scenario where power saving of the UEs is necessary. As explained, other UE(s) may provide RSAI to TX UE by inter-UE coordination. Here, the other UE(s) who provides RSAI can be high energy UE (HE-UE) and the TX UE can be low energy UE (LE-UE). In the help of inter-UE coordination, LE-UE can use RSAI from other UE(s) and does not perform sensing which requires power consumption. Of course, in order to reduce the power consumption for receiving RSAI, corresponding mechanism needs to be specified. For instance, we can consider applying inter-UE coordination with sidelink DRX mechanism, or restrict the slots used for RSAI reception as a subset of resource pool. Different from LE-UE in LTE who does not expect sidelink reception, LE-UE in Rel-17 NR sidelink may be allowed to monitor partial slots and receive some essential message, consequently the power consumption of RSAI reception can be acceptable. 
Observation 2: Inter-UE coordination can be utilized to reduce power consumption when low energy UE uses RSAI from high energy UE without sensing operation.
Proposal 1: Study an application of inter-UE coordination for a scenario of power consumption reduction.
Since cast types of broadcast, groupcast, and unicast are supported in NR sidelink, the most important issue is to clarify the reasonable scenarios that inter-UE coordination is applied. According to applied cast type, feasibility and possible solutions for inter-UE coordination would be different. Unlike unicast and groupcast, RX UEs in broadcast are unspecified and can be any UE around the TX UE. Thus, it is difficult to achieve the performance benefits from RX UE based mode 2 resource allocation in the broadcast scenario. Therefore, inter-UE coordination may not fit for sidelink broadcast scenario even though this can used to reduce power consumption. 
Proposal 2: Inter-UE coordination is supported in unicast and groupcast.
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(b) Scenario B


Figure 2 Two different scenarios describing a UE who provides coordinating information
For inter-UE coordination, the next question is that other UE(s) who provides RSAI to TX UE becomes any UE or it should be RX UE(s) which is expected to receive signal from TX UE. In Figure 2, the former case corresponds to Scenario A while the latter case corresponds to Scenario B. As depicted in Figure 2 (a): Scenario A, other than RX UE can be the coordinating UE which provides RSAI to TX UE. On the other hand, in Figure 2 (b): Scenario B, only RX UE becomes the coordinating UE which provides RSAI to TX UE. For Scenario B, we already presented the performance benefits by Figure 1. Unlike Scenario B, the possible performance benefits from Scenario A may come from which the coordinator UE has more scheduling information than TX UE and provide RSAI to TX UE as described in Figure 2 (a). We need to further study on performance advantages for each scenarios and possible RAN2 impacts if any in order to decide supported scenario for inter-UE coordination. 
Proposal 3: Consider the following scenarios for inter-UE coordination and decide whether to support both or one of them
· Scenario A: Other than RX UE can be the coordinating UE
· Scenario B: RX UE only is the coordinating UE
RSAI details
In the last meeting [2], we have discussed about the definition of “a set of resources” for inter-UE coordination which was captured in WID [1] as
· Inter-UE coordination with the following until RAN#90.
· 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.
Notice that we have defined “a set of resources” as RSAI (Resource Selection Assistance Information) in this contribution and RSAI can include information on “a set of resources” and other additional coordinating information as well. In the aspect of “a set of resources”, we can consider the following options for RSAI as:
· Option 1: RSAI determined at UE-A includes sensing information.
· Option 2: RSAI determined at UE-A includes a list of selected resource(s).
· Option 3: RSAI determined at UE-A includes whether the current reserved resource(s) by UE-B is preferred or not.
For Option 1, UE-A performs sensing for RSAI and whole sensing information on RSAI needs to be signalled to UE-B. This sensing information can consist of resource map information including measurement results. Therefore, Option 1 can have large RSAI overhead. For Option 2, UE-A performs sensing and selects candidate resource(s) for RSAI and the list of selected resource(s) is signalled to UE-B. Note that we applied Option 2 in our evaluation (See Figure 2). For Option 3, only one bit can be used for UE-A to indicate whether the current reserved resource(s) by UE-B is proper or not. Therefore, if Option 3 provides performance gain, it can be a good solution but its benefits should be further studied. Currently, we prefer Option 2 considering trade-off between RSAI overhead and performance gain.
Proposal 4: RSAI determined at UE-A includes at least a list of selected resource(s).
According to Proposal 4, the following two options can be considered when UE-A decides the list of selected resource(s):
· Option 1: A list of selected resource(s) for RSAI is the preferred resource for UE-B’s transmission.
· Option 2: A list of selected resource(s) for RSAI is the non-preferred resource for UE-B’s transmission.
If there is no limitation on signaling overhead and there are plenty of candidates in the list of selected resource(s) for RSAI, above two options can provide similar performance. However, with limited RSAI overhead, Option 2 may not provide useful coordinating information for UE-B’s resource selection. Therefore,
Proposal 5: A list of selected resource(s) for RSAI is the preferred resource for UE-B’s transmission
Next, we need to define a condition for UE-A to provide RSAI into UE-B and the following two options can be considered.
· Option 1: By pre-defined time instance on RSAI
· Option 2: By request signaling on RSAI
The Option 1 is that UE-A transmits RSAI to UE-B in the pre-defined time instances. The time instance for RSAI transmission can be (pre-)configured in a pool. According to configuration, time domain behaviour for transmitting RSAI in Option 1 can be periodic or semi-persistent. The Option 2 is that UE-A transmit RSAI to UE-B when UE-A receives request signalling on RSAI. Therefore, time domain behaviour for transmitting RSAI in Option 2 can be aperiodic. For Option 2, request signaling on RSAI to UE-A can be from TX UE or other UE. This feature should be supported in order to enable the inter-UE coordination in all coverage scenarios of in-coverage, partial coverage, and out-of-coverage. In addition, if UE-A is in-coverage, gNB can request to UE-A to transmit RSAI. To avoid unnecessary RSAI transmissions, we prefer Option 2. If Option 2 is supported, then we need to decide further details on RSAI request signaling.
Proposal 6: Define request signaling for RSAI and RSAI can be requested
· By TX UE or other UE
· By gNB when UE-A is in-coverage
In addition, as a container carrying RSAI, the following options can be considered:
· Option 1: MAC message
· Option 2: PC5-RRC signaling
· Option 3: 1st stage SCI
· Option 4: 2nd stage SCI
· Option 5: PSFCH
If high layer signaling is used (Option 1 or Option 2), more delay is expected to share RSAI compared to physical layer signaling. Considering possible RSAI overhead, 1st stage SCI (Option 3) seems not desirable but 2nd stage SCI (Option 4) can be a good alternative with small spec impact. PSFCH (Option 5) can be considered as another alternative depending on RSAI contents. However, if RSAI content is more than one bit, further spec impact on Option 5 is expected than Option 3. Therefore,
Proposal 7: 2nd SCI is used as a container carrying RSAI
Then, if UE-B (TX UE) receives RSAI from UE-A, how does UE-B take RSAI into account? The following two options can be considered:
· Option 1: UE-B should use a list of selected resource(s) in RSAI for its transmission
· Option 2: It is up to UE-B how to use a list of selected resource(s) in RSAI for its transmission
In case of Option 1, UE-B should apply RSAI from UE-A for its transmission. One possible interpretation of Option 1 is that UE-B consider RSAI as scheduling information which is provided by UE-A. On the other hand, for Option 2, UE-B can decide how to apply RSAI for its transmission. There can be a case where UE-B does not have other choice to select resource(s) without RSAI. Also, there can be another case that UE-B can perform mode2 operation but RSAI is regarded as invalid. Therefore, we propose
Proposal 8: It is up to UE-B how to use a list of selected resource(s) in RSAI for its transmission
Other issues
In order to support inter-UE coordination, there would be other issues which need to be specified further. At first, resource pool information needs to be shared between UEs. For example, when UE-A determines a list of selected resource which is preferred UE-B’s transmission, the UE-A may not have information on TX pool(s) configured for UE-B. Thus, TX pool(s) configured for UE-B can be shared to UE-A or separate pool(s) used for inter-UE coordination can be configured between UEs. In addition, we need to specify mode2 procedure to determine RSAI. According to Proposal 4, RSAI can include a list of selected resource(s). In this case, the number of selected resource(s) for RSAI should be decided. Furthermore, we may need to specify validation of RSAI. For example, we need to consider latency bound for inter-UE coordination. Depending on the latency, RSAI may or may not be valid. If RSAI is from far way UE, this information may be invalid. If we consider inter-UE coordination in groupcast and RSAI is from other group, this information may be invalid. Therefore, we need to study UE behaviour if received invalid RSAI. For instance, UE may re-trigger new RSAI. In this regard, we propose:
Proposal 9: The following issues should be considered for inter-UE coordination
· Resource pool sharing for inter-UE coordination
· Detailed mode2 procedure to determine RSAI
· Validation of RSAI and UE behaviour if received invalid RSAI
3 Conclusions
This contribution discusses on feasibility and possible benefits for Mode 2 enhancement in Rel-17 NR sidelink. Based on the discussion, the following observations and proposals are provided:
Observation 1: RX UE based resource allocation and inter-UE coordination provides performance benefits in mode 2 by addressing hidden-node, exposed-node, and half duplex problems.
Observation 2: Inter-UE coordination can be utilized to reduce power consumption when low energy UE uses RSAI from high energy UE without sensing operation.
Proposal 1: Study an application of inter-UE coordination for a scenario of power consumption reduction.
Proposal 2: Inter-UE coordination is supported in unicast and groupcast.
Proposal 3: Consider the following scenarios for inter-UE coordination and decide whether to support both or one of them
· Scenario A: Other than RX UE can be the coordinating UE
· Scenario B: RX UE only is the coordinating UE
Proposal 4: RSAI determined at UE-A includes at least a list of selected resource(s).
Proposal 5: A list of selected resource(s) for RSAI is the preferred resource for UE-B’s transmission
Proposal 6: Define request signaling for RSAI and RSAI can be requested
· By TX UE or other UE
· By gNB when UE-A is in-coverage
Proposal 7: 2nd SCI is used as a container carrying RSAI
Proposal 8: It is up to UE-B how to use a list of selected resource(s) in RSAI for its transmission
Proposal 9: The following issues should be considered for inter-UE coordination
· Resource pool sharing for inter-UE coordination
· Detailed mode2 procedure to determine RSAI
· Validation of RSAI and UE behaviour if received invalid RSAI
4 Appendix
In this section, we provide the list of evaluation assumptions used for analysis on inter-UE coordination.
Table 1 Simulation parameters used for evaluations of inter-UE coordination
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 140 km/h

	Channel model
	TR 37.885, NR V2X Channel Model

	Number of antennas
	1TX and 2RX

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	15 kHz

	Communication mode
	Unicast

	Traffic model
	Periodic traffic Model 1(TR 37.885):
· Inter-packet arrival time: 100 ms
· Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
· Latency requirement: 100 ms
Periodic traffic Model 2(TR 37.885):
· Inter-packet arrival time: 30 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 30 ms

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols for overhead

	MCS 
	Modulation=16QAM, Coding rate=0.37
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