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1. Introduction
In RAN#86 meeting, Rel-17 WI for sidelink enhancements was approved with two main motivations, power saving and enhanced reliability/reduced latency, where the normative phase of inter-UE coordination was confirmed in RAN#91e without updating the WID in [1]. Accordingly, RAN1 discussed this topic intensively, where our discussions target the following agreements selected from RAN1#106bis-e:
Agreement
For scheme 2, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· FFS: UE behaviour when the presence of expected/potential resource conflict is detected by the transmitter
· FFS: Whether to additionally support the presence of detected resource conflict on the resources indicated by UE-B’s SCI
Agreement
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
· Working Assumption In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
Agreement
In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:
· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B























· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Definition of expected/potential resource conflict(s) and other details (if any)
Agreement
In scheme 2, the following UE-B’s behavior in its resource (re)selection is supported when it receives inter-UE coordination information from UE-A:
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
· FFS: Other details (if any) 











This contribution provides further discussions for resource allocation enhancement considering inter-UE coordination. More specifically, we are considering the automotive community concerns regarding UE assisting information and possible reliability enhancements and latency reduction in this case.
2. Inter-UE coordination enhancing reliability 
Conditions for using Scheme 1 
Inter-UE coordination Scheme 1:
In our understanding, inter-UE coordination may help UEs enhancing reliability by guided sensing/resource selection (Scheme 1). Scheme 1 inter-UE coordination may also support achieving power saving by, e.g., avoiding long/always-on sensing operation. Moreover, the assisting information Scheme 1 may assist UEs (in unicast or groupcast sessions) to select and align their feedback resources, e.g., PSFCH, possible power control values, DRX cycles coordination, and/or recommending certain cast types.
In automotive domain, inter-UE coordination Scheme 1 can be efficiently utilized in some deterministic groupcast/unicast use cases, e.g., platooning and group-start. However, aforementioned scheme can also be used for different cast types, e.g., in order to avoid complex sensing of reduced complexity UE, e.g., vulnerable road-user (VRU) communication. In Platooning use case, a leader vehicle/truck is envisaged to coordinate communication between group members. Hence, selecting a set of common free/recommended resources may be exchanged between the group-lead and other group members. Similarly, group start needs a fast and reliable communication resources between the instantaneously established vehicle group members. 
For VRU, pedestrian UEs may expect to receive specific (recommended) resources for transmission from the assisting UE (probably a vehicle or an infra-structure node), in which these resources can guarantee high transmission reliability. In general, also other advanced V2X use cases can benefit from inter-UE coordination exploiting the additional latency reduction and reliability enhancements. 
In this contribution the following proposals have been made:
Proposal 1: Support inter-UE coordination scheme 1 to enhance reliability for the following cast types:
· groupcast use cases, e.g., platooning, group-start, etc.
· all cast typed to support no or limited sensing UE, e.g., VRUs
· unicast/groupcast UEs power saving alignment, e.g. DRX alignment cycles.
Event-based Inter-UE coordination Scheme 1:
In RAN1 meeting #106bis-e, the explicit request between UE-A and UE-B was agreed for inter-UE coordination in Mode 2. However, triggering conditions other than explicit requests were considered as a working assumption. Explicit request-based inter-UE scheme may have a complicated signaling procedure compared to, e.g., event-based inter-UE coordination triggering. 
Event-based triggering coordination can also be configured by higher layer, or by a gNB/Network, or by pre-configuration. In case of higher layers, some use cases/services may trigger the inter-UE coordination. E.g., an RSU may be triggered to assist UEs in its vicinity in order to guarantee reliable communication in the RSU service area. Same can be argued for gNB and pre-configuration. Therefore, we propose to confirm the working assumption and introduce possible event-base cases.
[bookmark: _Hlk84044343][bookmark: _Hlk84044450]On the one hand, the event-based inter-UE coordination may reduce signaling overhead, reduce latency, and providing better PRR according to [4]. On the other hand, the event based solution may possibly trigger multiple UEs simultaneously once the said event/condition is satisfied for them. This may increase the traffic over the channel and may increase the assisting information that need to be processed. Hence, we propose to keep discussing the event base triggering conditions and how to limit the assisting information at UE-B.
Proposal 2: confirm the working assumption of the event-based inter-UE triggering condition. 
Proposal 3: For event-based inter-UE coordination, discuss how to limit the assisting information at UE-B.

Inter-UE coordination Scheme 2:
Failure to decode resource reservations may result in performance degradation. Hence, inter-UE coordination may support enhancing the performance if inter-UE coordination is used to avoid resource conflicts (Scheme 2), which can be, e.g.,
· Resource collisions between UEs transmission in the same slot
· Half-duplex problem
· Hidden node problem
[bookmark: _Hlk71684588]In this case, inter-UE coordination would avoid excessive retransmission due to resource conflict/transmission failures.  Figure 1 depicts possible resource conflict (e.g., between UE-B and UE-B’) where resources may be colliding or facing a half-duplex problem in consecutive manner. Another issue may result in resource conflict is having the two UEs (UE-B/B’) hidden from each other. In these two cases, a third UE (e.g., UE-A) may assist any of the other UEs (UE-B and/or UE-B’) to resolve their conflicting transmission. Hence, the assisting UE-A can send an assisting information including the detected resource conflicts. Detection of the conflicting resources may, e.g., rely on decoding sidelink control information (SCI) and/or decoding the DMRS signals.


Figure 1: Resource allocation conflict due to half-duplex problem and/or hidden node problem
In automotive domain, Scheme 2 can be used in most of the known use cases. In contrast to CSI feedback and feedback based HARQ, Scheme 2 inter-UE coordination can also be used in all cast types (i.e., broad-, group-, uni-cast), where the assisting UE-A can be any UE (an intended or non-intended receiver of UE-B). Additionally, scheme 2 can assist resolving conflict in the past and/or the future which may help to avoiding consecutive packet losses/errors.
Proposal 4: Support inter-UE coordination scheme 2 to resolve conflict detected in the past

Signalling and triggering conditions for UE-A(s) (scheme 1/2) 
In addition to the agreements made on RAN1#106e, a UE can be UE-A when it is (pre-)configured or it receives higher layer signaling indicating its role as an assisting UE. Additionally, similar to last meeting working assumption, UE-A may be in the recipient-list of UE-B. Therefore, it is important to state how to identify the recipients of UE-B in case of Option 1 and Option 2 groupcast.
Proposal 5: For UE-A to be among the list of recipients in case of group case, at least support the following:
· Group cast Option 1: Consider the communication range as an indication of being a receiver
· Group cast Option 2: Consider the UEs’ IDs as the list of possible recipient 
 
Inter-UE coordination Scheme 2 evaluating conflicts:
Once a UE is configured/pre-configured to be UE-A, it may evaluate the conflicting resources severity, e.g.,:
· problem exist/expected consecutively for several time slots in the past/future
· for a certain high priority transmission (threshold)
· for conflicting transmission within a certain communication range (distance bases assisting information)
· the problem was received from different transmitter with a high RSRP/RSSI 
· the congestion level, e.g., CBR, when CBR is high, UE-A may decided to reduce the assisting information
The conflict received signal strength severity, priority threshold, communication range may be (pre-)configured and considered by RAN1. 
As in Figure 2, UE may also decide to send assisting information for multiple times (e.g., using retransmission) allowing enough time for the other UEs to resolve the conflict. The number of repetitions, K, of the assisting information may depend on the severity of the resource conflict or the transmission priority of the colliding UEs. Additionally, the frequency and repetitions of assisting information messages may depend on the measured CBR/CR values or any other congestion metrics. 


Figure 2: Illustration of timeline of assisting information
 
Proposal 6: the rate of inter-UE coordination messages depends on the following conditions: 
· priority of transmission indicated in the received SCI, 
· communication range of assisted UE-B
· severity of resource conflict depending on RSRP threshold 
· based on congestion control parameters, e.g., CBR
· number of times the conflict occurred in the past
Proposal 7: Support repetition of inter-UE coordination messages K times, where K depends on severity of the resource conflict, congestion parameters, transmission priority, etc.

Inter-UE coordination information container
A UE may detect confecting resources via sensing/decoding SCI information and/or detecting DMRS signals. Once resource conflict is detected, a UE may send the corresponding resource information (using an indication, resource patterns or compressed/simplified resource sets) in a specific assisting message. Such an assisting information may be sent as a MAC control element (CE) and or in a physical sidelink control channel (SCI), e.g., using one or more of reserved bits in the SCI combined with the information in the SCI reservations. For physical layer messages, the limited number of bits (in either first or second stage SCI) can be used to indicate the presence of the resources conflict. 
Additionally, it was also proposed during Rel-16 SI phase to use even higher-layer messages, e.g., RRC-S messages. In this case, RRC-S message containers may indicate possible resource conflicts, available resources, or other assisting information. However, for RRC-PC5 message containers, we only see the limitation of requiring unicast transmission, which may limit the use cases of assisting information.
Proposal 8: A UE may send assisting information using 
· sidelink control channel: few bits in the 1st and/or the 2nd stage SCI
· higher-layer signaling: MAC container, e.g., extended or new MAC-CE

3. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Conclusions
In this contribution the following proposals have been made:
Proposal 1: Support inter-UE coordination scheme 1 to enhance reliability for these cast types:
· groupcast use cases, e.g., platooning, group-start, etc.
· all cast typed to support no or limited sensing UE, e.g., VRUs
· unicast/groupcast UEs power saving alignment, e.g. DRX alignment cycles.
Proposal 2: confirm the working assumption of the event-based inter-UE triggering condition 
Proposal 3: For event-based inter-UE coordination, discuss how to limit the assisting information at UE-B.
Proposal 4: Support inter-UE coordination scheme 2 to resolve conflict detected in the past
[bookmark: _Hlk84049021]Proposal 5: For UE-A to be among the list of recipients in case of group case, at least support the following:
· Group cast Option 1: Consider the communication range as an indication of being a receiver
· Group cast Option 2: Consider the UEs’ IDs as the list of possible recipient 
Proposal 6: the rate of inter-UE coordination messages depends on the following conditions: 
· priority of transmission indicated in the received SCI, 
· communication range of assisted UE-B
· severity of resource conflict depending on RSRP threshold 
· based on congestion control parameters, e.g., CBR
Proposal 7: Support repetition of inter-UE coordination messages K times, where K depends on severity of the resource conflict, congestion parameters, transmission priority, etc.
Proposal 8: A UE may send assisting information using 
· sidelink control channel: few bits in the 1st and/or the 2nd stage SCI
· higher-layer signaling: MAC container, e.g., extended or new MAC-CE
4. [bookmark: _Toc21338854][bookmark: _Toc21338955] References
[1] RP-202846, “NR Sidelink enhancement”, Work Item Description, Electronic Meeting, RAN#90e, December 7-11, 2020.
[2] RP-193084, “Rel-17 sidelink for V2X - Automotive Perspective Challenges,” GM ATCI et al., December 9-12, 2019
[3] ITS Info-Communication Forum, “Issue Survey Report on Advanced ITS and Automated Driving Using Cellular Communications Technologies,” June 2019
[4] R1-2107368, “Reliability and Latency Enhancements for Mode 2,” Electronic Meeting, RAN1#106-e,	Qualcomm Incorporated



Microsoft_Visio_Drawing1.vsdx
UE-B
UE-B‘
t
f
UE-A
UE-A sensing/measurements
UE-A assisting information possible transmission occasions
Possible UE-B/UE-B‘ Resolution time
Past slots
Resource conflict resolved
Processing Time



image1.emf
t

f

UE-B͚

UE-A

UE-B

SL

SL

UE-B

UE-B͚


Microsoft_Visio_Drawing.vsdx
t
f
UE-B‘
UE-A
UE-B
SL
SL
UE-B
UE-B‘



image2.emf
UE-B UE-B͚

t

f

UE-A

UE-A sensing/

measurements

UE-A assisting information 

possible transmission occasions

Possible UE-B/UE-B͚ 

Resolution time

Past slots

Resource conflict 

resolved

Processing 

Time


