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1. Introduction

In RAN# 90 plenary meeting, the work item for Rel-17 sidelink enhancements has been discussed and revised [1], the objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases. One of the objectives for resource allocation enhancements has been confirmed and listed as follow:
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In this contribution, we provide our views on the sidelink resource allocation enhancements in mode2 from RAN2’s perspective.
2. Discussion
2.1 Inter-UE Coordination

According to the latest WID scope, the inter-UE coordination should be studied in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR from RAN1 and RAN2’s perspective, which a set of resource 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. Meanwhile, RAN1 has studied and classified schemes of inter-UE coordination into the following categories, corresponding RAN2 work can start discussion based on RAN1’s conclusions [2].
· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission.
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information.

· FFS condition(s) in which Scheme 1 is used.
· Inter-UE Coordination Scheme 2: The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI.
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict.
· FFS condition(s) in which Scheme 2 is used.
Observation 1: RAN1 has initiated the discussion on Inter-UE coordination and corresponding conclusions have been made.

From above summarized conclusions, RAN1 has concluded two schemes of “the set of resource” coordinated between UEs. All the schemes are beneficials and each scheme can be applied to various cast types considering different reliability and latency requirements to assist mode2 UEs perform resource selection. The conditions for each scheme to be used are for further study. For scheme1, to help UE-A get to know the preferred/non-preferred resource set used for UE-B’s transmission, assistance request should be provided from UE-B to UE-A, for example, UE-B’s sensing results or incoming traffic information to help UE-A determine the resource information; For scheme2, UE-A may provide the expected/potential resource conflict on the intended resources used transmission of UE-B, then the intended resource information from UE-B side can be transmitted from UE-B to UE-A in the assistance request. Furthermore, UE-B can indicate UE-A to provide scheme1 or scheme2 information in the assistance request. Therefore, it is suggested to support the two-step procedure for inter-UE coordination in sidelink unicast, for example, UE-B transmits assistance request to UE-A to acquire the assistance information for resource selection, and UE-A provides scheme1 or scheme2 information based on the received request from UE-B. RAN2 should study the detailed signalling design of the two-step procedure if higher layer signalling is determined by RAN1 as the transmission container between UE-A and UE-B.
Proposal 1: It is suggested to support two-step procedure for inter-UE coordination in mode2. UE-B transmits assistance request to UE-A to acquire the assistance information for resource selection, and UE-A provides scheme1 or scheme2 information based on the received request from UE-B.
For the determination of UE-A and UE-B, RAN1 have discussed the issues on last meeting and agreed to study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination, the details include the applicable scenario(s)/inter-UE coordination schemes. Each scheme should be discussed based on specific supported scenarios for inter-UE coordination, there may be two potential scenarios for inter-UE coordination in mode 2.For one scenario, as shown in figure1, before sidelink transmitting UE (Tx UE) performs mode 2 resource selection for data transmission, assistance information related to scheme1 or scheme2 is provided from sidelink receiving UE (Rx UE) to transmitting UE to help transmitting side get to know the preferred/non-preferred resource or potential/expected resource conflict from Rx side. It is the most straightforward way to avoid hidden node issue to assist sidelink Tx UE perform resource selection with higher reliability. In this scenario, RAN2 is suggested to study the two-step procedure details between Tx UE and Rx UE for sidelink unicast communication, for example, corresponding trigger conditions for transmitting assistance request from Tx UE to Rx UE and for transmitting scheme1/scheme2 information from Rx UE to Tx UE should be designed respectively from RAN2’s perspective.
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Figure 1. Assistance information from Rx UE to Tx UE
For another scenario, compared with the distributed resource selection for each UE individually, centralized resource scheduling can avoid Tx resource collision among multiple UEs to a greater extent. Considering UE performs resource selection autonomously in mode 2, a third UE can be defined to coordinate the resource allocation for mode2 UEs within certain range for both sidelink unicast and groupcast communication, for example, the Roadside Unit (RSU), Group leader and even Relay UE can be considered as the third UE. In this scenario, assistance information related to scheme1 and scheme2 is provided from the third UE to sidelink transmitting UEs as figure 2 shown. In the scenario, RAN2 is suggested to discuss the third UE determination for unicast and groupcast communication respectively, by taking into accounts the factors, e.g. UE capability, location information, etc. For example, both the Roadside Unit (RSU), Group leader and even Relay UE can be considered as the third UE. Furthermore, considering the third UE needs to acquire full knowledge on channel status or resource usage of UEs in certain range to achieve a local optimal solution when providing assistance information, the assistance request from sidelink Tx UE to the third UE is necessary to help the third UE make the resource coordination, then signalling design and corresponding trigger conditions between the third UE and Tx UE in this scenario should be considered from RAN2’s perspective.
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Figure 2. Assistance information from a third UE to Tx UEs

Based on above two scenarios, both the sidelink receiving UE and the third UE can serve as the UE-A, which left to RAN1’s decision. RAN2 should determine the specific work as above analysis based on the supported scenario concluded by RAN1 for inter-UE coordination in mode 2. 
Proposal 2: If sidelink Rx UE serves as UE-A is supported by RAN1, RAN2 is suggested to discuss signalling design and corresponding trigger conditions for the transmission between Tx UE and Rx UE for sidelink unicast.

Proposal 3: If a third UE serves as UE-A is supported by RAN1, RAN2 is suggested to discuss: 
· The third UE identification for sidelink unicast and groupcast respectively, by taking into accounts the factors, e.g. UE capability, location information, etc. 
· The signalling design and corresponding trigger conditions between the third UE and Tx UE, e.g. the assistance request from Tx UE to the third UE to help the third UE make the resource coordination.
2.2 DRX impact on resource allocation 
Power saving enables UE with battery constraint to perform sidelink operations in a power efficient manner. In Rel-17 NR sidelink, DRX operation is introduced in NR sidelink for power saving purpose. As the latest WID scope revised in RAN#90 plenary meeting, resource allocation enhancements should also consider the impact of sidelink DRX, if any.  
Regarding mode 2 sidelink transmitting UE, UE performs sensing to select and reserve resources for data transmission by monitoring SCI information on PSCCH from other UEs. Considering working assumption was made in last meeting that SL DRX should take PSCCH monitoring also for sensing [3], transmitting UE cannot perform sensing when DRX is in off-duration, then corresponding resource selection, re-evaluation and pre-emption procedure cannot not be implemented as existing Rel-16 sensing and resource selection procedure, which greatly reduce the sidelink transmission efficiency, especially deteriorate the performance of time-sensitive traffic. To solve the issues, the coordination between DRX configuration and sensing should be further considered, for one option, the DRX active period should be aligned with UE sensing window and re-evaluation window for specific resources, which can be left to RAN1’s discussion on partial sensing configuration; For another option, SL DRX configuration should consider the sensing period performed by transmitting UE, the mandatory active time period specified for sensing can be defined from RAN2’s perspective, which implies SL UE keeps in active time when perform sensing and resource re-evaluation.
Proposal 4: RAN2 should discuss the SL DRX active period configuration by considering the resource sensing and re-valuation period of transmitting UE.
Meanwhile, as discussed in section 2.1, inter-UE coordination is proposed for mode 2 resource allocation enhancements to improve the reliability, which UE-A determines a set of resource and transmits the set of resource to UE-B in mode 2, UE-B takes this into account in the resource selection for its own transmission. Some critical issues may be raised on inter-UE coordination when sidelink UE applies DRX operation. For example, whether UE-A should take SL DRX configuration into consideration when determine the set of resources to UE-B, or if a set of preferred resource, i.e. scheme1 for transmission is determined by UE-A is within sidelink UE’s DRX inactive time period. Considering this, RAN2 is suggested to study potential impacts on inter-UE coordination when DRX operation is performed for mode 2 UEs. Specifically, interworking between assistance signalling of preferred resources for inter-UE coordination and active period of a SL-DRX should be further discussed. If scheme 1 is agreed as one of the inter-UE coordination schemes, when UE A determines a set of preferred resources for its transmission to UE B, this set of preferred resources is then selected by MAC considering the common DRX active period in use between these peer UEs. 
Proposal 5: RAN2 should further discuss the signalling of preferred set of resources in the assistance information considering the common active period.

When a UE-A is configured with more than one DRX cycle say DRX cycle A and DRX cycle B and needs to transmit data to UE-B which is configured only with DRX cycle B, then MAC of UE-A can select resource according to the common active period between UE-A and UE-B which in this case is the DRX cycle B. 

Proposal 6: MAC selects resource for transmission considering the common active period between peer UEs.
Further, in the previous meeting, RAN1 reached the following agreement [4]:
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RAN2 is currently discussing on how DRX cycle can be (pre)configured to UEs which in one option shall be based on the PQI value. When many UEs tries to transmit in an active period of a DRX cycle results in congestion mechanism for that active period. Hence the congestion mechanism introduced in NR Rel-16 should be modified to detect the congestion mechanism in each DRX cycle active period. The relation between CBR measurement window and DRX can be defined in two ways: in the first option the CBR measurement window can be aligned with each of the DRX cycle and in the second option, CBR measurement window can include active periods from more than one DRX cycle. The first option can detect the congestion in each active period of a DRX cycle accurately. Similar mechanism should be adopted for reporting CR.  Congestion control mechanism of restricting PSSCH/PSCCH TX parameters is performed per active period of a DRX cycle. Finally, reconfiguration of sidelink DRX offset, on-duration for a UEs in an active period of a DRX cycle is also possible based on the CBR/CR measurement.
Proposal 7: Relation between CBR measurement window and active period of a DRX cycle is discussed and detection of congestion for each active period should be defined by RAN2. 
3. Conclusion

In this contribution, we focused on the sidelink resource allocation enhancements in mode 2, and following observations and proposals are concluded as following:  
Observation 1: RAN1 has initiated the discussion on Inter-UE coordination and corresponding conclusions have been made.
Proposal 1: It is suggested to support two-step procedure for inter-UE coordination in mode2. UE-B transmits assistance request to UE-A to acquire the assistance information for resource selection, and UE-A provides scheme1 or scheme2 information based on the received request from UE-B.
Proposal 2: If sidelink Rx UE serves as UE-A is supported by RAN1, RAN2 is suggested to discuss signalling design and corresponding trigger conditions for the transmission between Tx UE and Rx UE for sidelink unicast.

Proposal 3: If a third UE serves as UE-A is supported by RAN1, RAN2 is suggested to discuss: 

· The third UE identification for sidelink unicast and groupcast respectively, by taking into accounts the factors, e.g. UE capability, location information, etc. 
· The signalling design and corresponding trigger conditions between the third UE and Tx UE, e.g. the assistance request from Tx UE to the third UE to help the third UE make the resource coordination.
Proposal 4: RAN2 should discuss the SL DRX active period configuration by considering the resource sensing and re-valuation period of transmitting UE.
Proposal 5: RAN2 should further discuss the signalling of preferred set of resources in the assistance information considering the common active period.
Proposal 6: MAC selects resource for transmission considering the common active period between peer UEs.
Proposal 7: Relation between CBR measurement window and active period of a DRX cycle is discussed and detection of congestion for each active period should be defined by RAN2. 
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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.


This work should consider the impact of sidelink DRX, if any.


Study the feasibility and benefit of solutions 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.





Agreements:


Further study congestion control based on CBR and CR for power saving RA schemes


Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes


Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement
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