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1 Introduction

The study item for NR Sidelink Enhancement was approved in RAN#86 and revised in RAN#88e [1], and the following objectives were identified in relation to resource allocation enhancements:

	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.

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#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]

· Inter-UE coordination with the following until RAN#90.

· 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#90 is to be decided in RAN#90.

· 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].


This contribution discusses the inter-UE coordination for improving Mode 2 sidelink communications. 
2 Inter-UE Coordination Messaging 
2.1 Usefulness of Inter-UE Coordination Message
RAN1 is studying the potential benefits of the inter-UE coordination messaging [2]. As noted in [3] the periodic unicast sidelink communications has shown a slight performance gain. In all the other cast types the gains are not significant. Thus, the inter-UE coordination must be done with the least overhead to provide a benefit. One such approach is presented in section 2.2. 
Observation 1: The inter-UE coordination is most beneficial for the unicast transmissions.
In our view if the Rx UE waits for the Tx UE’s request to send the coordination information then only those Tx UEs benefit that are engaged in the particular periodic unicast communications. Furthermore, if only the unicast type communications are considered then there is no need to specify new dedicated inter-UE coordination because the existing NR V2X Rel-16 data transmissions framework already works. After receiving the initial data transmission from the Tx UE, the Rx UE decodes the SCI to obtain the resource reservations for the future transmissions. In order to begin the inter-UE coordination exchange between the Tx UE and the Rx UE, the receiving of the initial transmission can be used as a trigger for the Rx UE to respond back to the Tx UE by sending a report of preferred and/or unsought list of Rx resources based on the Rx UE’s own half-duplex constraint and sensing results. For the greater reliability and lesser delay, the above Rx UE’s response transmission can be given the high priority or assigned a pre-defined dedicated set of resources [4]. No additional signaling is required. 
Proposal 1: The existing NR V2X Rel-16 unicast framework be used for the inter-UE coordination messaging. 
2.2 The Hidden Node Problem and Forwarding  

In addition to avoiding collisions due to the half-duplex constraint, the inter-UE coordination helps in reducing the collisions due to the hidden-node problem. Figure 1 presents a typical hidden-node situation when two vehicles, UEs VA and VB, are not within each other’s range hence not aware of each other’s transmissions. So, it is possible both the UEs reserve or select the same resource for their respective data transmission causing collision at the Rx UEs. 
This type of collisions could be avoided if at least one of the Tx UEs become aware of the situation either beforehand or immediately after the first collision. Since, both the Tx UEs are out of reach from each other they cannot directly coordinate with each other. Instead a neighboring UE within the range of both the Tx UEs informs at least one of them such that one Tx UEs is refrained from transmitting. Returning back to figure 1 scenario, this is exactly what UE VD does. After decoding the SCI from both the Tx UEs, UE VD
 decides to forward the reservation information. In this case the UE VD forwards the UE VA’s reservation/selection with the higher priority data to the lower priority data reserving/transmitting UE VB. As a consequence of receiving the forwarding information, the UE VB cancels its upcoming data transmission and starts the process of the resource reselection.
Observation 2: The existing NR V2X Rel-16 framework could be reused in mitigating the hidden-node problem.
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Figure 1: “Hidden-Node” vehicles using same resources for the data transmissions

Our design goal is to build upon the existing NR V2X Rel-16 physical structure and procedures. We must also make sure the forwarding occurs relatively quickly before its usefulness expires. Furthermore, a sidelink transmission just to carry the coordination messaging is self-defeating because it crowds out the neighboring UE’s data transmission and in the heavy-traffic conditions may cause unnecessary congestion. All these factors lead to a natural solution of a data transmitting UE forwarding carried in the 2nd stage SCI with a new format. A version of this design was introduced in [5]. Below figure 2 presents the conceptual forwarding procedure. UE2 transmits data along with its reservation in slot n to reserve a resource in slot n+m. After sensing the reservation of the same resource by the UE2 in the slot n, a neighboring UE3 decides to forward the reservation information within a time duration of [n+1, n+m-k] slots, k is FFS
.
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Figure 2: Reservation information forwarding using the 2nd stage SCI

Next, we examine if only the Rx UEs are allowed forwarding. In order to understand this better a list of advantages and the disadvantages is presented in Table 1.

Table 1

	
	Advantages
	Disadvantages

	Only Rx UEs allowed forwarding
	Only Rx UEs are aware whether they are the victims of the hidden-node problem. So, the Rx UEs inform their respective Tx UEs after the detection of the reservations conflict.  
	The Rx UEs will have to transmit dummy data along with forwarding to inform the Tx UE if there is no data to send.

	Any data transmitting neighboring UE allowed forwarding
	The UE piggybacks the forwarding on its data transmission resulting in improved resource utilization.

In case of the broadcast the forwarding could be beneficial to several neighboring UEs.


	In unicast case, the forwarding transmitting UE is not aware whether the detected reservation conflict causes the hidden-node problem for the intended Rx UEs.


According to the analysis in Table 1 for all broadcast, groupcast and unicast transmission types only the intended Rx UEs should be allowed forwarding. In broadcast all neighboring UEs are intended Rx UEs so any UE successfully detects a resource conflict could do the forwarding given it has data to transmit. The UE does not need to be aware if the remaining neighboring UEs are impacted by the same. In the unicast/groupcast only the intended Rx UEs allowed forwarding because the other UEs are not aware if there is a resource conflict for the intended Rx UEs. The unicast/groupcast Rx UEs have the option to transmit the preferred/unsought resources list to their respective Tx UEs as described in the previous section 2.1 along with the forwarding indicator.
Furthermore, two design aspects must be considered. First, the need for forwarding in the low-traffic conditions and the second aspect is the robustness of the forwarding carrying 2nd stage SCI. 
In the low-traffic scenario a Tx UE has a larger set of resources available for selection; however, the hidden-node problem could still occur and forwarding could help. So, in this situation it is better if the UEs are allowed forwarding even when there is no data to transmit. A network configured CBR threshold could be set to activate such a UE behavior.  
Secondly, in NR V2X Rel-16 the MCS of the 2nd stage SCI is defined relative to the data’s robustness. The forwarding in the 2nd stage SCI is intended not just for the Rx UE(s) receiving the data in the associated PSSCH. So, in order to achieve a higher reliability, the 2nd stage SCI carrying the forwarding either uses the most robust data MCS or the 2nd Stage SCI’s MCS is decoupled from the data’s MCS such that the same MCS of the 1st stage SCI is applied.   
Proposal 2: RAN1 should study the 2nd stage SCI based forwarding for all the cast types transmissions.
3 Conclusion

In this contribution, we discussed. Based on the above we have the following observations and proposals, respectively:
Observation 1: The inter-UE coordination is most beneficial for the unicast transmissions.

Observation 2: The existing NR V2X Rel-16 framework could be reused in mitigating the hidden-node problem.
Proposal 1: The existing NR V2X Rel-16 unicast framework be used for the inter-UE coordination messaging.  
Proposal 2: Proposal 2: RAN1 should study the 2nd stage SCI based forwarding for all the cast types transmissions.
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� Later in the document we discuss whether UE VD is one of the Rx UEs to receive the data transmissions from UEs VA and VB.


� k is defined based on the cut-off time for reselection, processing delay, remaining packet delay budget, etc.
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