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1 Introduction
The RAN WG approved study item on NR Sidelink Enhancements [1]. The study item includes the following objective:
	· 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 
· 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.
· [bookmark: __DdeLink__708321_1465410877]Note: RAN2 work will start after [RAN#89].


In this contribution, we express our views on sidelink enhancements targeting mode-2 enhancements in terms of power saving, latency, and reliability. Following agreements were made based on the discussion in meeting RAN1 106-e[3]

	Agreement
For scheme 1, 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.
· Set of resources preferred for UE-B’s transmission
· Set of resources non-preferred for UE-B’s transmission

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
· 

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) 

Agreement
In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:
· For preferred resource set, the following two options are supported:
· Option A): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based on both UE-B’s sensing result (if available) and the received coordination information
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set in combination with its own sensing result
· UE-B uses in its resource (re-)selection, resource(s) not belonging to the preferred resource set when condition(s) are met
· FFS: Details of condition(s)
· This option is supported when UE-B performs sensing/resource exclusion
· FFS: Other details (if any) 
· Option B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set
· This option is supported at least when UE-B does not support sensing/resource exclusion
· FFS: Whether the support is conditional or UE capability
· FFS: Other details (if any)
· FFS: Other option(s), and other details (if any)
· For non-preferred resource set, 
· UE-B’s resource(s) to be used for its transmission resource (re-)selection is based on both UE-B’s sensing result (if available) and the received coordination information 
· UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: Details including
· Whether/how UE-B can use in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, definition of the overlap, and other details (if any)
· When UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: UE-B reselects in its resource (re-)selection, resource(s) to be used for its transmission when the resource(s) are fully/partially overlapping with the non-preferred resource set
· FFS: Other option(s), and other details (if any)

Agreement
In scheme 2, at least the following is supported to determine inter-UE coordination information:
· Among resource(s) indicated by UE-B’s SCI, UE-A considers that expected/potential resource conflict occurs on the resource(s) satisfying at least one of the following condition(s): 
· Condition 2-A-1:
· Other UE’s reserved resource(s) identified by UE-A are fully/partially overlapping with resource(s) indicated by UE-B’s SCI in time-and-frequency
· FFS: Other details (if any) 
· FFS: Whether/how to specify additional criteria and other details (if any) including signaling details of conflict indication
· (Working Assumption) Condition 2-A-2: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)

Agreement 
In scheme 1, at least the following is supported to determine inter-UE coordination information of preferred resource set:
· UE-A considers any resource(s) satisfying all the following condition(s) as set of resource(s) preferred for UE-B’s transmission
· Condition 1-A-1:
· Resource(s) excluding those overlapping with reserved resource(s) of other UE identified by UE-A whose RSRP measurement is larger than a RSRP threshold
· FFS: Other details (if any)
· FFS: Condition 1-A-2:
· Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any)
· FFS: Condition 1-A-3:
· Resource(s) satisfying UE-B’s traffic requirement (if available)
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)

Agreement 
In scheme 1, at least the following is supported to determine inter-UE coordination information of non-preferred resource set:
· UE-A considers any resource(s) satisfying at least one of the following condition(s) as set of resource(s) non-preferred for UE-B’s transmission
· Condition 1-B-1:
· Reserved resource(s) of other UE identified by UE-A from other UEs’ SCI (including priority field) and RSRP measurement
· FFS: Other details (if any) 
· FFS: Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)



The last plenary RAN#93-e it is concluded to let RAN1 continue the work for now without imposing any specific down-selection or guidance. This contribution gives further view on remaining aspect of the enhancements.

2 Discussion
In [2] we discussed drawbacks about Rel-16 sidelink resource allocation mode 2 such as hidden node and half duplex constraint for transmitting user equipment (UE). It is a well-known fact that these problems lead to insufficient sensing results which may causes resource collision among UEs. Half duplex constraint is understood as a transmitting UE will not perform sensing during transmission of packet. Therefore, half-duplex constraint leads to some un-decoded or un-sensed SCIs. Lack of this knowledge may lead to collision when the UE attempts to transmit its own data over the same resources which are being occupied or overlapped by another UEs at same time.
[image: ][image: ]
Fig. 1-Illustration figure of hidden-node		Fig. 2-Co-UE transmitting assistance info.
Hidden node is also a major problem that occurs when two transmitting vehicles are not in sensing range of each other, but both of them are in the sensing range of another vehicle as shown in Fig. 1. Here vehicle-1 and vehicle-3 are not in the sensing range of each other while vehicle-2 can sense from both, hence, it can lead to interference when vehicle-1 and vehicle-2 attempts to transmit on overlapping resources. In order to counter the above-mentioned problem, the concept of Inter-UE coordination is introduced as shown in Fig. 2, where Co-operative UE (Co-UE) provides assistance information to another UE. There is an agreement to provide this assistance information to UEs. Further, different aspect of assistance information is discussed. It includes the content in the assistance information, selection of V2X UEs for sharing this information and upon receiving the assistance information how recipient UE should utilize the assistance information on its resource allocation. Section 1 gives detail about agreements happened so far that includes type of assistance information, definition of UEs initiating request for assistance (UE-B), UEs providing assistance information (UE-A), procedures to send the assistance from UE-A and action UE-B should take upon receiving assistance information. Remaining aspect on these signalling is discussed in subsequent sections of this contribution.
2.1 Schemes supported for assistance information sharing
Two schemes are supported to transmit assistance information. UE-A is the UE that transmit assistance information and UE-B is the UE that receives assistance information. In scheme 1, it is agreed that the coordination information will be sent from UE-A to UE-B is the set of preferred and/or non-preferred resources for UE-B’s resource selection for subsequent transmission. Set of preferred resources may be useful in both cases, viz when UE-B perform sensing and do not perform sensing. When it performs sensing it may take assistance from resource set indicated by UE-A along with own sensing results to do resource selection for transmission. When it is not sensing, the only option left is to rely on assistance information. In case of non-preferred resources, UE-B needs to have sensing mechanism in order to ignore resources indicated in the assistance information. However, both are suitable to counter Rel-16 resource allocation issues such as hidden node and half duplex by providing additional useful information. In scheme 2, the coordination information sent from UE-A to UE-B is the presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI.
Observation 1: Preferred resource is suitable for UE-B with/without sensing capability whereas non-preferred resource is suitable for UE-B having sensing capability.
Scheme 1 is helpful in selecting suitable number of resources at UE-B for its sidelink data transmission i.e. assistance information transmitted by UE-A supports UE-B to form a resource set that counter hidden node and half duplex problems of existing Rel-16 resource allocation mechanism.. Scheme 2 is beneficial to detect the potential/expected collision and inform UE-B to modify resource indicated in its SCI. In scheme 2, the set of candidate resources need not to be included as it can be just an indication of potential/expected conflict on the respective reserved resources by UE-B. 
Observation 2: In scheme 2, explicit candidate resources need not to be included. It may include indication of conflict at the corresponding sub-channels of reserved resources indicated by UE-B.
2.2 Trigger for inter UE coordination 
Trigger for inter UE coordination can be based on the dynamic request or pre-configured from UE-B. Dynamic request may be sent by UE-B whenever it requires assistance and in case of pre-configured triggers UE-A transmits assistance information with a fixed periodicity configured by UE-B . Fig. 3 shows two cases of triggering UE-A to transmit assistance information to UE-B. In first case when there is need for assistance a request/activation message-based triggering is sent by UE-B to UE-A. The trigger sent from UE-B can either be in unicast manner, particular to UE-A,if it is known to UE-B in the proximity. Otherwise, it may be a broadcast/groupcast trigger and UEs capable of becoming UE-A will act upon the trigger. Based on request/ activation message, UE-A responds with assistance information to UE-B. In case of request of assistance information by trigger, a message is sent from UE-B to UE-A, at least includes following information:
(a). Priority of the intended transmission
[bookmark: __DdeLink__809_1643874362](b). Number of sub-channel requested 
(c). Packet Delay budget

Proposal 1: At least for scheme 1, cast type of the trigger for assistance information request should be unicast , groupcast or broadcast.
Proposal 2: Triggering request from UE-B should at least contain priority of the intended transmission, number of sub-channel requested, and packet delay budget
UE-A prepares the content of assistance information based on its sensing and the message received by UE-B. Based on the priority of intended transmission, UE-A forms the resource set and select number of sub-channels requested by UE-B from this resource set. Once the content of assistance information is prepared, UE-A transmit it to UE-B within the packet delay budget. Packet delay budget present in request message gives the information about the latency requirement of UE-B’s transmission.  
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Fig. 3:-Illustration figure of triggering 

In the second case, UE-A may be pre-configured to send assistance in a periodic interval without any dynamic request for assistance from UE-B. Here UE-A may transmit co-ordination information with some fix periodicity as configured. Pre-configured periodic trigger is preferred in case of low latency requirements where it is not feasible to transmit dynamic request from UE-B. This may be helpful in the case of highway scenarios where it is expected to have cluster of V2X UEs expected to perform the co-operation and assistance sharing. In such cases, UE-A and UE-B relation will be maintained for longer duration and assistance information sharing will be valid during this duration. Pre-configuration can happen using higher layer signalling such as RRC or MAC-CE. 
[bookmark: __DdeLink__263441_1916564778][bookmark: __DdeLink__45171_794194131]Proposal 3: In case of pre-configured periodic trigger, UE-A should be pre-configured with a periodicity to transmit co-ordination information. This pre-configuration should happen using RRC or MAC-CE signalling.
2.3	Method to transmit assistance information
In order to convey assistance information, a UE first prepare it after performing sensing and then convey it further through proper signalling. As shown in Fig. 4, every UE participating in sidelink communication will transmits 1st stage sidelink control information (SCI). UE-A collects information based on its own sensing results obtained by decoding 1st stage (SCI) received from  UEs in proximity. Upon receiving a dynamic request trigger or a pre-configured trigger from UE-B  to transmit assistance information, UE-A derives the content of assistance information and transmits to the UE-B . 


[image: ]

	               
			 Fig. 4: -Procedure of inter-UE coordination 

In order to convey assistance information, a proper signalling mechanism needs to be adopted. Following options can be considered:
1. New 2nd-stage SCI format 
2. RRC and/or MAC CE on a PSSCH transmission
Design of a new 2nd stage SCI should be considered when there is smaller resource set information to be transmitted in the assistance information. New SCI design will be more useful in case of scheme 2 as it has smaller message content compare to scheme 1. In Rel-16 two 2nd stage SCI formats SCI-2A and SCI-2B are already used for decoding PSSCH based on the HARQ operation.  A new SCI format can be introduced for assistance information transmission. In case the content of assistance information is large, RRC or MAC message should be utilized for the conveying assistance information, which is more suitable for scheme 1 and also it has lesser specification impact. Use of 2nd stage SCI provides better latency compare to RRC/MAC message but introduces more specification impact.
[bookmark: __DdeLink__1964_1643874362]Proposal 4: New SCI format design should be considered for transmitting assistance information in the Rel-17 sidelink, if a smaller/limited resource set information needs to be conveyed in assistance information.
Proposal 5: In case of larger content of assistance information RRC/MAC message should be used to convey assistance information.
Proposal 6: New SCI format design should at least be considered for scheme 1 and RRC/MAC message should be considered for scheme 2 



3 Conclusion
Feasibility and benefits of NR sidelink mode 2 enhancement is presented. Inter-UE coordination can be key in order to enhance reliability and by supporting blind retransmission. Following are the observation and proposals discussed in this contribution about sidelink mode 2 resource allocation enhancement. 
Observation 1: Preferred resource is suitable for UE-B with/without sensing capability whereas non-preferred resource is suitable for UE-B having sensing capability.
Observation 2: In scheme 2, explicit candidate resources need not to be included. It may include indication of conflict at the corresponding sub-channels of reserved resources indicated by UE-B.
Proposal 1: At least for scheme 1, cast type of the trigger for assistance information request should be unicast , groupcast or broadcast.
Proposal 2: Triggering request from UE-B should at least contain priority of the intended transmission, number of sub-channel requested, and packet Delay budget
[bookmark: __DdeLink__45171_7941941312]Proposal 3: In case of pre-configured periodic trigger, UE-A should be pre-configured with a periodicity to transmit co-ordination information. This pre-configuration should happen using RRC or MAC-CE signalling.
[bookmark: __DdeLink__1964_16438743621]Proposal 4: New SCI format design should be considered for transmitting assistance information in the Rel-17 sidelink, if a smaller/limited resource set information needs to be conveyed in assistance information.
Proposal 5: In case of larger content of assistance information RRC/MAC message should be used to convey assistance information.
Proposal 6: New SCI format design should at least be considered for scheme 1 and RRC/MAC message should be considered for scheme 2 
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