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1. [bookmark: OLE_LINK13]Introduction
New WID [1] on NR sidelink enhancement has been approved as following. 
	2. 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#89), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#88. 
· 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#88 is to be decided in RAN#88.
· 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.


In this contribution, we provide our view on inter-UE coordination mechanism in mode 2 for enhanced reliability and reduced latency.
2. Discussion
NR SL supports various use cases, including V2X services, critical D2D communication and commercial D2D communication. For some use cases, low latency and extremely high reliability are expected. To meet such high QoS requirements, RAN1 will further study resource selection mechanism for enhanced reliability and reduced latency. 
Based on the WID, enhancement on mode 2 will be focused, and inter-UE coordination including the conceptual solution mentioned in WID will be the starting point for the discussion. In the following, the motivation and high-level solutions of inter-UE coordination will be discussed.
2.1. Motivation 
In the design of mode 2 resource selection mechanism, half-duplex constrain and resource collision are two main barriers for high-reliability transmission. These issues can be mitigated, with the help of inter-UE coordination as discussed below.
Due to half-duplex constrain, a UE cannot perform simultaneous transmission and reception. Whenever a UE performs transmission, it may miss some packets from other UEs occasionally or consecutively. In Rel-16 NR SL, the introduction of HARQ retransmissions can mitigate the half-duplex impact somehow. However, a large number of retransmissions will make the system congested, which will further reduce the transmission reliability of the whole system. To mitigate the half-duplex impact, it is desired that two UEs communicating to each other perform transmissions in a TDMed manner, which can hardly be achieved by the current mode 2 resource selection mechanism. By introducing some enhancements to mode 2, e.g., coordinated transmission time between UEs, it may be possible to guarantee TDMed transmission between UEs at least for unicast and groupcast transmission.  
Resource collision can be more or less mitigated in Rel-16 mode 2 resource allocation via sensing mechanism. However, the resource collision cannot be absolutely avoided in mode 2. One problem is that the sensing results at TX UE and RX UE could be different, e.g., due to hidden node issue. Consequently, some free resources identified by TX UE are in fact highly interfered resources from RX UE perspective. Another problem is the persistent collision between neighbor UEs that select heavily overlapping resources, due to similar sensing results among them. Based on the analysis, one possible solution to reduce the resource collision probability is that RX UE shares some resource interference situation to TX UE, such information sharing mechanism can be named as inter-UE coordination.
[bookmark: OLE_LINK14][bookmark: Observation][bookmark: _Ref47111342]Observation 1: Half-duplex impact and hidden node impact can be mitigated via inter-UE coordination.
The above analysis of reliability enhancement is mainly from PSSCH/PSCCH transmission perspective. It is desirable to consider the inter-UE coordination also for PSFCH transmission reliability improvement, because the overall reliability performance is determined by every part of the system. 
HARQ-ACK feedback has been introduced to Rel-16 NR SL for unicast and groupcast transmissions. In NR SL HARQ feedback operation, HARQ-ACK feedback is conveyed on PSFCH, and one PSFCH occasion may correspond to multiple PSSCH occasions. Once receiving multiple PSSCHs in a PSFCH period, a UE has to perform multiple PSFCH transmissions simultaneously. Consequently, some PSFCH transmissions may be dropped or transmitted with scaled transmission power, which may affect the reliability of PSFCH transmissions. In order to mitigate this issue, a RX UE can coordinate PSSCH transmissions of multiple TX UEs to avoid too many simultaneous PSFCH transmissions, thus improving the PSFCH transmission reliability. 
[bookmark: _Ref47111358]Observation 2: PSFCH transmission reliability can be improved via inter-UE coordination by avoiding too many simultaneous HARQ-ACK feedbacks.
[bookmark: _Ref32600177][bookmark: _Ref40349466][bookmark: _Ref40358202]Proposal 1: RAN1 to investigate the benefits and feasibility of mode 2 enhancement via UE-coordination from the following aspects: 
-	Half-duplex impact mitigation. 
-	Hidden node impact mitigation.
-	Avoiding simultaneous PSFCH transmissions.
Furthermore, it is well known that centralized resource allocation outperforms distributed resource allocation regarding increasing transmission reliability. As discussed in the context of mode 2b or mode 2d in Rel-16 SL SI, centralized resource coordination could be applied to mode 2, at least in the scenarios where a leading UE exists in the UE group. It is beneficial, at least from reliability improvement perspective, to introduce such hierarchical inter-UE coordination in Rel-17 NR SL. In the following, both hierarchical and non-hierarchical inter-UE coordination are discussed, where hierarchical inter-UE coordination means a leading UE coordinates resource allocation to other member UEs, while non-hierarchical inter-UE coordination does not distinguish leading UE and member UE.
2.2. Non-hierarchical inter-UE coordination
As discussed above, inter-coordination between TX UE and RX UE, i.e., non-hierarchical inter-UE coordination, could mitigate negative impacts from half-duplex constrain, hidden node issue and simultaneous PSFCH transmission. In the following, some high-level solutions will be discussed regarding such inter-UE coordination.
Regarding half-duplex impact, enhancements should strive for TDMed resource allocation between TX UE and RX UE. Since plenty of RX UEs can be involved in broadcast case, the enhancements should focus on unicast and/or groupcast cases for simplicity. One example is that, for unicast transmission, UEs exchange their preferred time domain transmission resources between the peers in a unicast pair. Then, each UE can avoid selecting resource from those preferred by the peer UE. Another example is that, for groupcast transmission, UEs in the UE group can mutually inform their preferred time resources, and then deprioritize the time resources potentially selected by other UEs.
[bookmark: _Ref47348995]Proposal 2: RAN1 studies the following inter-UE coordination mechanism for mode 2: 
-	One UE provides transmission resource preference to another UE to avoid half-duplex issue.
Regarding mitigation of hidden node impact, there would be two directions: the first direction is to consider hidden node issue in the resource selection procedure, while the other direction is to trigger resource reselection after a detected resource collision. One example of the first direction is that, RX UE shares its sensing information (e.g., highly interfered resources, RSRP measurement results, etc.) to TX UE, then TX UE uses its sensing result and sensing information shared by RX UE to select transmission resource. Another example is to enable RX UE to select resources for TX UE. On the other hand, in case of the second direction, RX UE may continuously detect the potential resource collision between TX UE and other UEs, and once resource collision occurs or is going to occur, RX UE informs such collision to trigger TX UE to re-select resource. 
[bookmark: _Ref47348996]Proposal 3: To mitigate hidden node impact, RAN1 studies the following inter-UE coordination mechanism: 
-	RX UE provides resource interference situation to TX UE to enhance mode 2. 
-	RX UE selects resources for packet transmission of TX UE.
-	RX UE triggers resource re-selection of TX UE.
Regarding simultaneous PSFCH transmission, RX UE needs to coordinate PSSCH transmissions of multiple TX UEs to avoid simultaneous PSFCH transmissions. One example is shown in Figure 1, UE-A as a receiver UE, coordinates PSSCH transmissions of UE-B and UE-C, so that it can feedback HARQ-ACK to UE-B and UE-C in different PSFCH occasions in power limited case.
[image: ]
[bookmark: _Ref47111756]Figure 1 PSFCH transmission in different PSFCH occasion
[bookmark: _Ref47348998]Proposal 4: RAN1 studies the following inter-UE coordination mechanism for mode 2: 
-	RX UE suggests PSSCH transmission resources to TX UE to avoid simultaneous PSFCH transmission in power limited case. 
Some high-level solutions about mode 2 enhancements have been discussed. However, from the specification perspective, it is beneficial to have a unified solution regarding signaling aspects and UE behavior aspects.
From the signaling perspective, for UEs with PC5-RRC connection, semi-static high layer signaling exchange between UEs can be assumed, thus at least solutions to mitigate impacts from half-duplex constrain and simultaneous PSFCH transmission can be included. Nevertheless, a more general solution would assume dynamic information exchange between UEs, because hidden node may appear or disappear dynamically. 
From the UE behavior perspective, enhancements targeting different cast types may vary a lot. For unicast transmission, resource selection procedure may only consider assistance information from a single RX UE. While for groupcast transmission, resource selection procedure may consider assistance information from multiple RX UEs. However, for broadcast, it is challenging for a UE to consider the assistance information from all proximity-UEs. For progress of RAN1 discussion, it is preferred to conclude the targeting cast type firstly, and unicast/groupcast should be focused. 
Based on the above discussion, and for the progress of the RAN1 discussion, it is preferred to conclude the following in the feasibility study phase.  
[bookmark: _Ref47349000]Proposal 5: RAN1 to conclude whether to use a semi-static or dynamic signaling exchange procedure between coordination UEs.
[bookmark: _Ref47349001]Proposal 6: RAN1 to focus on unicast and groupcast, when enhancing mode 2 resource selection procedure.
2.3. Hierarchical inter-UE coordination  
As discussed above, hierarchical inter-UE coordination could generally improve the transmission reliability in UE group scenario, and many use cases supported by NR SL are defined in UE group scenario, e.g., platooning UE group, NCIS UE group and UE group of personal IoT devices. In NCIS use case [2], it is clearly stated that a leading UE is able to request resources for member UEs in a UE group. Such kinds of resource allocation could properly coordinate resource interference between UE groups as well as inside a UE group, which should be supported in NR SL. 
[bookmark: _Ref47349002]Proposal 7: Support inter-UE coordination mechanism to allow a UE to suggest transmission resources to other UE(s) in a UE group.
2.4. Evaluation result  

Based on the high-level solutions of non-hierarchical inter-UE coordination, system level simulation is performed to evaluate the performance of the solutions. In the simulation, communication between unicast UE pairs are assumed, and the transmission resource preference of RX UE and low interfered resources acquired by RX UE is informed to TX UE, and TX UE takes such information in the resource selection procedure. The simulation assumptions can be found in Annex I, and the result is shown below.
[image: ]
Figure 3 Performance of non-hierachical UE coordination
From the simulation results, it is observed that the non-hierarchical inter-UE coordination scheme outperforms the legacy mode 2 resource selection scheme in the sense of high transmission reliability. 
3. Conclusion
This contribution focus on inter-UE coordination mechanism with the following observations and proposals:
Observation 1: Half-duplex impact and hidden node impact can be mitigated via inter-UE coordination.
Observation 2: PSFCH transmission reliability can be improved via inter-UE coordination by avoiding too many simultaneous HARQ-ACK feedbacks.
Proposal 1: RAN1 to investigate the benefits and feasibility of mode 2 enhancement via UE-coordination from the following aspects: 
-	Half-duplex impact mitigation. 
-	Hidden node impact mitigation.
-	Avoiding simultaneous PSFCH transmissions.
Proposal 2: RAN1 studies the following inter-UE coordination mechanism for mode 2: 
-	One UE provides transmission resource preference to another UE to avoid half-duplex issue.
Proposal 3: To mitigate hidden node impact, RAN1 studies the following inter-UE coordination mechanism: 
-	RX UE provides resource interference situation to TX UE to enhance mode 2. 
-	RX UE selects resources for packet transmission of TX UE.
-	RX UE triggers resource re-selection of TX UE.
Proposal 4: RAN1 studies the following inter-UE coordination mechanism for mode 2: 
-	RX UE suggests PSSCH transmission resources to TX UE to avoid simultaneous PSFCH transmission in power limited case.
Proposal 5: RAN1 to conclude whether to use a semi-static or dynamic signaling exchange procedure between coordination UEs.
Proposal 6: RAN1 to focus on unicast and groupcast, when enhancing mode 2 resource selection procedure.
Proposal 7: Support inter-UE coordination mechanism to allow a UE to suggest transmission resources to other UE(s) in a UE group.
4. [bookmark: _Ref503565531][bookmark: _Ref493791948][bookmark: _Ref503565490][bookmark: _Ref510367705]Reference
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Annex I
Table 1  System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE

	Communication type
	Groupcast and Unicast

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter
	Traffic type: Aperiodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 30ms+an exponential random variable with the mean of 30ms
Packet latency requirement: 30ms
Packet size: 200-2000byte

	Resource allocation
	Mode2a scheme in R16 and Non-hierarchical inter-UE coordination scheme

	HARQ function
	enabled

	Groupcast HARQ feedback type
	Option 2
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