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1 Introduction

The work item for NR Sidelink Enhancement was approved in RAN#90e [1], and the following objectives were identified in relation to resource allocation enhancements:

Resource allocation enhancement:

· Study the feasibility and benefit of solution(s) 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.
During the last RAN1#104b-e meeting the following agreements were made:

Agreement:
· 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

Agreements:
1 Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.

· Including the possibility of being subject to certain conditions and/or capability

Agreement:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission

· For scheme 1:

· Option 1-1: 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

· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information

· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information

· Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information

· For scheme 2:

· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information

· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information

This contribution focuses only on the inter-UE coordination Scheme 1 in further details.  
2 Inter-UE Coordination Messaging Details
2.1 Inter-UE Coordination Message Scheme 1
RAN1 has studied the potential benefits of the inter-UE coordination messaging. As noted by several companies only the unicast sidelink communications has shown a performance gain. In many scenarios most of the performance gains are a wash when signaling overhead and latency factors are considered. In our view if the UE A waits for the UE B’s request to send the coordination information then only those UE B(s) benefit that are engaged in the particular unicast communications. So, our first proposal is the following:

Proposal 1: The inter-UE coordination Scheme 1 is used only for the unicast and the groupcast transmissions.
As a response to receiving an explicit UE B’s request for the coordination information, the UE A prepares a list of preferred or non-preferred resources based on the UE A’s own half-duplex constraint and sensing results. The UE A sends a list of resources as part of the coordination information message to the UE B. In our view listing the preferred resources in the inter-UE coordination message limits the number of choices for the resource selection at the UE B. Our suggestion is the UE A adds a resource to its non-preferred resource list if a resource meet any one of the following criteria:

i. UE A senses resource occupied by the periodic transmissions of the neighboring UEs.
ii. Resource(s) unavailable due to UE-A’s own half-duplex and/or DRX cycle.
iii. The conflicted reserved resources by a neighboring UE which may or may not be in communication with UE A as described in [2] as the forwarding technique.
Proposal 2: In inter-UE Coordination Scheme 1, the coordination information sent from UE-A to UE-B is the set of resources non-preferred for UE-B’s transmission meeting the above listed criteria i, ii and iii.
To achieve a greater reliability, the UE A’s response transmission containing the inter-UE coordination message can be given the high priority or assigned a pre-defined dedicated set of resources. For example, the inter-UE coordination message resource pool could be TDMed with the data resource pools. Note the FDMed approach may not work due to the half-duplex constraint. On the other hand, TDMed approach has a latency due to it’s a static periodicity causing latency. Beside the resource pool periodicity delay there is an added delay associated with sending the coordination request from UE B to UE A. If the conventional approach is applied, then UE B has to wait and select resources. We address this issue in detail later in section 2.2. 
Proposal 3: To achieve a greater reliability RAN1 should consider allocating a dedicated resource pool for sending the Scheme 1 coordination messages.  
Next the UE B (re-)selects a transmission resource after considering its own sensing results and the listed resources in the received coordination message sent by the UE A. For example, UE B’s sensing results resources belong to set A and the non-preferred resources listed in the coordination message belong to set B. The UE B (re-)selects resources from the set A\B, namely the set difference of A and B. In the groupcast scenario it is possible the A\B is a null set. In that situation UE B could decide to do multiple transmission using multiple set of resources. Based on above we’ve the following proposal:   
Proposal 4: UE-B’s to considers in the resource (re)-selection for its own transmission the UE B’s own sensing results and the resources listed in the coordination message sent by the UE A (Option 1-1).  

2.2 Sending an explicit request for the inter-UE Coordination Message in Scheme 1
As discussed in the previous RAN1 meetings the Scheme 1 messaging has a large overhead and latency. In order to have an efficient use of Scheme 1, the UE B must solicit a multi-bit coordination information from the UE A. There are several design options for the UE B to send a request to the UE A for the coordination information. We consider the following 2 options:

· Option 1: The UE B sends its request for the coordination message by using an indicator in the SCI (for example, 2nd stage SCI) of the initial transmission. 
· Option 2: PFSCH-like 1-bit request signal resources dedicated for the inter-UE Coordination message request transmissions.    

The following table gives the overall view of the above options:

	Option #
	Advantages
	Disadvantages

	1
	Requires minimum specs changes to the existing NR V2X unicast procedure. No additional signaling is required except to trigger the coordination the UE B uses a new indicator in the 2nd-stage SCI of the initial transmission requesting the UE A to provide the inter-UE coordination information.
	Requires initial transmission to send the request which has a delay since UE B has to select transmit resources. Also, there is a chance the initial transmission may not be successfully received.


	2
	Reuses the PSFCH-like design and procedure to send a request providing the least amount of overhead (1-bit signal) and has the lowest latency by eliminating the transmit resource selection task.
	Requires a small set of pre-allocated PSFCH-like resources and new specification to support the mechanism.


Obviously, the option#1 is the simplest but has a large signaling overhead and latency since the UE B has do the time-consuming resource selection task to transmit the coordination request. With such large signaling overhead and delay option#1 defeats the purpose of having the inter-UE coordination in the first place.

Option#2 could be considered as a better solution. In this option, the delay is reduced since the UE B is no longer required to wait for the resource selection procedure to send the inter-UE coordination request. Instead, the UE B transmits a request signal using one of the dedicated PSFCH-like resources. The UE B selects the PRB index assigned to the UE A identifier and transmits the request. 
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Figure 1: PFSCH resources allocated to send IUC Request Signal with each PRB assigned to Destination L2 ID
Figure 1 presents our design leveraging the existing Rel.-16 PSFCH PHY design structure. Similar to the Rel-16 PSFCH, the PSFCH-like resources for sending the coordination request signal are located in the last few symbols of a time-slot (pre-)configured periodically with a period appropriate to handle unicast QoS service requirements. As shown in the figure 1, within the symbol-duration, each PRB is mapped to a unique Destination L2 ID configured by the higher layers. For example, occurring k number of slots before the next inter-UE coordination message resource pool occurrence (see section 2.1), where k is configurable by the network. 

Assume UE B intends to establish a unicast session with a UE A that has the destination L2 ID X. To obtain the coordination information from the UE A, the UE B transmits a request signal in the appropriately mapped PRB index 1 within the PSFCH-like symbol. As a response, the UE A transmits the coordination message in the next available PSSCH resource located in the coordination message resource pool. The PRB index to Destination L2 ID mapping is a part of the configuration parameters provided by the higher layers. The mapping of the PRB index to the Destination L2 ID is discussed in the next section 2.2.1. 
Proposal 5: RAN1 should consider option#1 and option#2 for further study to support the inter-UE coordination Scheme 1 in Rel.-17.
2.2.1 The PRB index to Destination L2 ID Mapping
The first step is the initiator UE needs to know the L2 ID of the peer UE in order to set a one-to-one communication. The Layer-2 ID of the communication peer, identified by the Application Layer ID known to the UE via prior V2X communications obtained from application layer service announcements [3]. Alternatively, a single entity could assign PRB index in the PSFCH-like resource pool. For example, a group leader UE or RSU assigns each group-member UEs or associated UEs to a PRB indices using a broadcast message, respectively. 
If a unique PRB index is assigned to a destination L2 ID, then such a mapping should be configurable or specified. Since the assignment of destination L2 ID is handled by SA2, it would be beneficial for such a mapping to be specified or at least it should be semi-statically configured (e.g., whenever the destination L2 IDs and/or application layer IDs are configured in the upper layer). It is requested that RAN1 informs SA2 of the need for defining such a mapping of PRB indices to destination L2 IDs.  

Proposal 6: If the PRB index mapping to destination L2 ID is adopted, RAN1 should inform SA2 of the need for the mapping in the upper layer.

3 Conclusion

In this contribution, we discussed. Based on the above we have the following proposals:
Proposal 1: The inter-UE coordination Scheme 1 is used only for the unicast and the groupcast transmissions.
Proposal 2: In inter-UE Coordination Scheme 1, the coordination information sent from UE-A to UE-B is the set of resources non-preferred for UE-B’s transmission meeting the above listed criteria i, ii and iii.

Proposal 3: To achieve a greater reliability RAN1 should consider allocating a dedicated resource pool for sending the Scheme 1 coordination messages.

Proposal 4: UE-B’s to considers in the resource (re)-selection for its own transmission the UE B’s own sensing results and the resources listed in the coordination message sent by the UE A (Option 1-1).
Proposal 5: RAN1 should consider option#1 and option#2 for further study to support the inter-UE coordination Scheme 1 in Rel.-17.
Proposal 6: If the PRB index mapping to destination L2 ID is adopted, RAN1 should inform SA2 of the need for the mapping in the upper layer.
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