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Introduction
According to the WID [1] of RAN #88e, R17 NR sidelink will enhance mode 2 resource allocation with the identified item “inter-UE coordination” to improve reliability and reduce latency. The objective is as follows:
	Resource allocation enhancement:
· 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].


In this contribution, we discuss inter-UE coordination in mode 2 for NR sidelink communication including motivation and feasible mechanism.
Discussion
Motivation of Inter-UE coordination
R16 NR sidelink is expected to have limitation in achieving high reliability and low latency in some conditions. And according to the RAN #88e [1], mode 2 enhancements should be studied to enhance reliability and reduce latency. 
In our opinion, in the R16 mode 2 resource sensing and selection mechanism, the high reliability and low latency are mainly limited by the following three aspects.
· Half-duplex problem: The resource exclusion on all potential slots caused by half-duplex may result in the exclusion of some usable resources, which may cause shortage of candidate resources for (re-)selection.
· Hidden nodes problem: As the resources where a hidden node transmits cannot be sensed at a UE, resource collision happens when overlapped transmitted resources are used by the UE and its hidden node.  
· In-Band Emission (IBE) problem: Due that RSSI measurement is not adopted in resource sensing and (re-)selection procedure in R16, in-band emission happens when the gap of transmitted power on two adjacent resources is large.
As shown in Figure 1, TX UE1 communicates with RX UE1 in unicast, and the transmission power is 8dBm. TX UE2 communicates with RX UE2 in broadcast, and the transmission power is 23dBm. The transmitted resources by TX UE1 and TX UE2 are adjacent. Due to in-band emission, the received interference power is much higher than signal power at RX UE 1 side. 


Figure 1. In-Band-Emission (IBE) problem
The above three problems attribute to the lack of enough resource occupancy information at TX UE side during resources sensing and (re)-selection. Inter-UE coordination, in which assisted UE can provide a set of resources to TX UE, can alleviate the above problems. 
For half-duplex problem, the assisted UE can provide resources assistance information to tell the TX UE which frequency resources are occupied or available on the half-duplex slots. The TX UE can take it into account during resources exclusion to avoid the waste of some usable resources. 
For hidden nodes problem, the assisted UE can provide the available or unavailable resources sensed on its side and send this information to the TX UE, which may include resources that cannot be sensed by the TX UE. 
For IBE problem, the RX UE can be used as an assisted UE to provide the TX UE with the resources sensing result on its side. The TX UE can avoid selecting the same or adjacent frequency resources selected by strong interfering UEs.
Therefore, when we study the mechanism of inter-UE coordination, at least whether it can solve the above three main problems should be considered.
Proposal 1: Half-duplex problem, hidden nodes problem and IBE problem should be considered when develop the inter-UE coordination mechanism.
Inter-UE coordination mechanism
Based on motivation of inter-UE coordination analyzed in the previous subsection, in this subsection we will provide our contribution on the inter UE coordination mechanism from the perspective of improving reliability and reducing latency. It mainly includes how to determine the assisted UE, what kind of resource assistance information the assisted UE should provide, such as recommended resources or not recommended resources, and some signaling procedures between assisted UE and TX UE.
1.1.1 Determination of assisted UE and resource type
As an assisted UE, it may provide resource assistance information for one or more TX UEs frequently. Not every UE can be an assisted UE, i.e., UEs with rigorous power saving requirements or UEs with relatively busy SL services are not suitable. Therefore, we should first determine which UE can be served as an assisted UE and how to configure it as an assisted UE.
Assisted UE can be a volunteer UE, a group leader, or an RSU. For in-coverage UE, assisted UE can be configured by gNB through RRC signaling. For out-of-coverage UE, assisted UE can be pre-configured, or a UE voluntarily decides whether to be served as an assisted UE. The signaling of configuring the assisted UE and the mechanism that a UE is served as an assisted UE voluntarily needs further study. In addition, in the R16 SI stage, we have discussed how to determine the scheduling UE in mode 2(d). So, we can discuss the determination of assisted UE in inter-UE coordination based on it.
[bookmark: _GoBack]Proposal 2: How to determine an assisted UE should be discussed.
In the inter-UE coordination, assisted UE determines a set of resources and then sends to TX UE. We think that the set of resources can be the recommended resources for TX UE or the not recommended resources. 
For the recommended resources, it is more straightforward to indicate, which are suitable for TX UEs that do not have the sensing capability. However, the recommended resources may not suite TX UE very well due to sensing limitation at assisted UE side. Therefore, mechanism to break the sensing limitation should be considered.
For the not recommended resources, which may not be able to be sensed by TX UE, TX UE can take it into account in the resource exclusion directly to improve the reliability of transmissions. For example, the TX UE can exclude the frequency resources that are not recommended on the half-duplex slot instead of excluding all potential slots caused by half-duplex.
Proposal 3: For a set of resources to be determined at UE-A and sent to UE-B in mode 2, the following two types should be discussed:
· recommended resources
· not recommended resources
1.1.2 Signaling for inter-UE coordination 
In inter-UE coordination, UE-A provides a set of resources to UE-B, and UE-B considers the assistance resources in resource selection. There is no hierarchy between UE-A and UE-B, i.e., there is no SR/BSR form UE-B to UE-A and UE-B just takes the assistance resources into account in its resource selection. The specification work on signaling aspect in inter-UE coordination may include at least e.g., how to deliver coordination request information from UE-B to UE-A, and how to send the set of resources from UE-A to U-B. A procedure for inter-UE coordination is shown in Figure 2.


Figure 2. A procedure for inter-UE coordination
· How to deliver coordination assistant information from UE-B to UE-A?
If UE-B wants to request assistance resource from UE-A, UE-B could deliver coordination assistant information to UE-A by using L1 signaling or high layer signaling. If using L1 signaling, UE-B needs to determine the transmission resource for sending the coordination assistant information. And if using high layer signaling, UE assistance information could be a baseline.
· [bookmark: OLE_LINK2]How to send the set of resources from UE-A to U-B？
After UE-A receives the coordination assistant information form UE-B, UE-A sends a set of resources to UE-B based on its own sensing results. Then the time line for sending assistance resources should be studied e.g., UE-A sends the assistance resources periodically, and the assistance resources sent are updated in each period. Similarly, UE-A could send the assistance resources by L1 signaling or high layer signaling. When UE-B triggers resource selection, UE-B selects resource according its own sensing results and considering the assistance resources sent by UE-A. 
Proposal 4: How to deliver coordination assistant information from UE-B to UE-A should be discussed.
Proposal 5: How to send the set of resources from UE-A to U-B should be discussed.
Conclusions
Proposal 1: Half-duplex problem, hidden nodes problem and IBE problem should be considered when develop the inter-UE coordination mechanism.
Proposal 2: How to determine an assisted UE should be discussed.
Proposal 3: For a set of resources to be determined at UE-A and sent to UE-B in mode 2, the following two types should be discussed:
· recommended resources
· not recommended resources
Proposal 4: How to deliver coordination assistant information from UE-B to UE-A should be discussed.
Proposal 5: How to send the set of resources from UE-A to U-B should be discussed.
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