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1	Introduction
One objective of sidelink enhancement WI [1] is about resource allocation enhancement.
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· 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#89), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#88.
· 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#88 is to be decided in RAN#88.
· 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.


NR SL in release 16 has specified two resource allocation modes, where mode 1 refers to SL resource allocation by network and mode 2 is used for a UE to select SL resource autonomously. As mentioned in the WID of NR SL enhancement [1], Rel-16 NR SL is expected to have limitation in achieving high reliability and low latency in some conditions. Thus, in this contribution, we discuss the RAN2 scope for resource allocation enhancement in release 17.
2	Discussion
2.1 Resource pool selection in NR SL mode 2
In release 16 NR SL, a SL UE in mode 2 can be configured with multiple mode 2 transmit resource pools to select its SL transmit resources. Therefore, as the first step to perform mode 2 resource selection, a SL UE in NR SL mode 2 needs to first select a transmit resource pool and, afterwards, it can further select one or multiple SL transmit resources from the selected resource pool. In case the UE selects a resource pool with high SL traffic load, its SL transmission in that resource pool may experience a collision or high interference. Thus, transmit resource pool selection directly impacts the performance of NR SL mode 2.
Observation 1: Transmit resource pool selection directly impacts the performance of NR SL mode 2.
In LTE, a SL UE in LTE SL mode 4 may be configured with multiple SL carriers for performing SL transmissions. Accordingly, in LTE, it has been specified that a UE in LTE SL mode 4 needs to first select a SL transmission carrier and the associated resource pool based on its CBR measurement of the different SL transmission carriers. As described in TS 36.321, a SL TX UE selects the SL transmission carrier with the lowest CBR from all the candidate carriers, where a candidate carrier is a carrier whose CBR is below threshCBR-FreqReselection, which is associated with the priority of the to-be-transmitted data packet. This scheme ensures the SL TX UE to select the least congested carrier and the associated resource pool, based on the local CBR measurement at the SL TX UE.
Observation 2: In LTE V2X, a UE selects the SL transmission carrier and the associated resource pool with the lowest CBR measurement.
In NR SL release 16, it has been agreed that resource pool selection in NR SL mode 2 is left for UE-implementation. 
Observation 3: In NR SL release 16, resource pool selection is left for UE-implementation.
However, as pointed out in the WID for NR SL enhancement, the reliability of NR SL mode 2 needs to be further enhanced. Thus, as the very first step to improve mode 2 resource selection, we think transmit resource pool selection should be considered and studied by RAN2 in release 17.
Proposal 1: In order to enhance the communication reliability of NR SL mode 2, RAN2 is suggested to study SL transmit resource pool selection and potential enhancements in release 17.
In order to study further enhancements for resource pool selection, we think the LTE carrier/resource pool selection approach can be considered as baseline. 
Proposal 2: LTE V2X carrier/resource pool selection approach can be considered as the baseline for transmit resource pool selection in release 17.
As mentioned before, the LTE V2X carrier/resource pool selection is TX-centric, since only the CBR measurement at TX UE is considered. However, in case the TX UE and the RX UE have divergent CBR measurement results, the TX-centric resource pool selection scheme is sub-optimal, e.g. the TX UE may select a transmit resource pool that is rather congested at the RX UE. Therefore, the TX-centric resource pool selection approach may experience challenge to achieve ultra-high reliability. 
As one solution for potential enhancement, we think inter-UE coordination scheme can be applied for resource pool selection, as mentioned in the NR SL enhancement WID [1]. In one simple example, a SL RX UE may determine the best resource pool, based on the CBR measurement at the SL RX UE. Then the SL RX UE sends the determined resource pool to the SL TX UE, where the SL TX UE takes this into account to perform transmit resource pool selection.
Proposal 3: RAN2 is suggested to study if the inter-UE coordination scheme mentioned in NR SL enhancement WID can coordinate the SL transmit resource pool selection for NR SL mode 2. 
2.2 SL packet duplication in NR mode 2
As mentioned before, Rel-16 NR SL is expected to have limitation in achieving high reliability to support URLLC type of services. Thus, as an efficient approach to improve communication reliability, packet duplication can be exploited. For example, according to TS 36.300, SL packet duplication is supported in LTE SL for V2X sidelink communication and is performed at PDCP layer of the UE. For sidelink packet duplication for transmission, a PDCP PDU is duplicated at the PDCP entity. The duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different sidelink logical channels respectively. In order to obtain frequency diversity gain, the duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers. 
Since a SL UE in NR SL mode 2 needs to select SL resources by itself, its reliability performance can be worse than that of mode 1 where network can allocate non-overlapping SL resources to different UEs. Thus, in our view, packet duplication can be considered by RAN2 in release 17 to improve communication reliability at least for NR SL mode 2, in order to support URLLC type of services.
Proposal 4: In order to support URLLC type of services, packet duplication can be considered by RAN2 in release 17 to improve the communication reliability of at least NR SL mode 2.
2.3 Inter-UE coordination
As described in the release 17 SL enhancement WID [1], mode 2 resource allocation should be enhanced for better reliability. To do that, inter-UE coordination needs to be studied, as highlighted in the introduction section. From our understanding, resource allocation should be mainly handled by RAN1. However, in order to fully explore the benefits of inter-UE coordination, we think some coordination information is needed by using L2/L3 messages. 
For example, in some cases, UE-B in mode 2 may send a resource request message to UE-A at first and, then, UE-A may recommend/indicate a set of resources to UE-B according to the received resource request. Thus, depending also on the design of RAN1, the resource request message may need to be designed by RAN2. As an example, a SL TX UE in mode 1 may request SL transmit resources from network by using SR, BSR, SUI/UAI, which fall into the scope of RAN2. In addition, in order to improve the efficiency of the inter-UE coordination, UE-B may also indicate some additional assistance information to UE-A, which should be considered by UE-A in its resource recommendation/indication. For example, UE-B may indicate to UE-A regarding the resources that should not be recommended to UE-B, e.g. the resources which may cause half-duplex problem at UE-B. Thus, depending also on the study from RAN1, the additional assistance information may need to be carried in a L2/L3 message.
Proposal 5: RAN2 is suggested to support and design signalling scheme to support inter-UE resource allocation in release 17.
2.4 Simultaneous mode 1 and mode 2
In release 16, the support for simultaneous mode 1 and mode 2 was originally approved as one objective for the WI on 5G V2X with NR sidelink [2], as:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.



However, due to the limited time resources in Release 16, the support for simultaneous mode 1 and mode 2 was restricted to the scenario where a UE may only use different modes for different SL radio technologies only. For instance, a SL UE can operate in mode 1 for one RAT (e.g. either NR SL or LTE SL), while mode 2 for the other RAT (e.g. LTE SL or NR SL, respectively). In this approach, if a release 16 SL UE camps on a cell that can only support one SL RAT, it can use mode 2 for transmitting in another SL RAT. Thus, the support for simultaneous mode 1 and mode 2 in release 16 was very limited, and we think simultaneous mode 1 and mode 2 can be applied in other scenarios as well, in order to improve the SL performance.
For example, NR SL is supposed to support advanced V2X scenarios described in [TR22.886], where the QoS requirements of the different SL QoS flows can be quite divergent w.r.t. latency and reliability. Thus, it is important to apply the proper mode to meet the QoS requirements of each QoS flow. For instance, NR SL mode 1 may provide higher reliability than NR SL mode 2, since network can control non colliding SL resource allocation in mode 1. On the other hand, NR SL mode 2 may provide lower latency as there is no signalling exchange between the UE and network for resource request and resource allocation. Therefore, if multiple QoS flows with divergent QoS requirements co-exist in a NR SL UE, simultaneous mode 1 and mode 2 can be used where different QoS flows are mapped to different resource allocate modes based on their QoS requirements.
Proposal 6: RAN2 is suggested to consider supporting simultaneous mode 1 and mode 2 in release 17, where different QoS flows can be mapped to different resource allocation modes.
3	Conclusion
This paper contains the following proposals related to RAN2 scope for resource allocation enhancement in release 17:
Observation 1: Transmit resource pool selection directly impacts the performance of NR SL mode 2.
Observation 2: In LTE V2X, a UE selects the SL transmission carrier and the associated resource pool with the lowest CBR measurement.
Observation 3: In NR SL release 16, resource pool selection is left for UE-implementation.
Proposal 1: In order to enhance the communication reliability of NR SL mode 2, RAN2 is suggested to study SL transmit resource pool selection and potential enhancements in release 17.
Proposal 2: LTE V2X carrier/resource pool selection approach can be considered as the baseline for transmit resource pool selection in release 17.
Proposal 3: RAN2 is suggested to study if the inter-UE coordination scheme mentioned in NR SL enhancement WID can coordinate the SL transmit resource pool selection for NR SL mode 2. 
Proposal 4: In order to support URLLC type of services, packet duplication can be considered by RAN2 in release 17 to improve the communication reliability of at least NR SL mode 2.
Proposal 5: RAN2 is suggested to support and design signalling scheme to support inter-UE resource allocation in release 17.
Proposal 6: RAN2 is suggested to consider supporting simultaneous mode 1 and mode 2 in release 17, where different QoS flows can be mapped to different resource allocation modes.
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