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Introduction
In RAN#91-e meeting, it was concluded that the inter-UE coordination would be specified in NR sidelink enhancement, and the following conclusion is achieved in RAN plenary [1]: 
	It was concluded that no WID update is necessary. WGs continue specifying inter-UE coordination. Note that enhancements other than inter-UE coordination is NOT pursued in the scope of the objective “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]”.


In RAN1#103-e meeting, the potential aspects of inter-UE coordination were identified as following [2]:
	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type


In this contribution, we will further discuss the details of the inter-UE coordination mechanism, including the potential application scenarios for inter-UE coordination, procedure for inter-UE coordination and etc. 
Potential application scenarios for inter-UE coordination
Firstly, inter-UE coordination can be beneficial for hidden nodes issue, as shown in Figure 1-a). UE1 and UE2 perform resource selection based on its sensing results respectively, and they are not within the sensing range. Due to no coordination, the UE1 and UE2 may select the same transmission resources. The co-channel interference will happen at Rx UE side (UE3).
Another aspect is half duplex issue, as shown in Figure 1-b). UE3 is the target receiving UE of UE 1, and UE3 selects transmission resources overlapped with the transmission resources of UE1, then UE3 cannot receive the transmission from UE1. 
In these two issued cases, if inter-UE coordination is introduced between UE 1 and UE3, these issued cases could be mitigated. 


               
a) Hidden-nodes                                                                  b) Half-duplex
Figure 1 The application scenarios for inter-UE coordination
Proposal 1: Inter-UE coordination should be performed at least to solve hidden-nodes problem and half-duplex problem. Other issues should be further discussed.
Procedures for inter-UE coordination
In general, there are two options to trigger inter-UE coordination: One is request-based inter-UE coordination; The other is condition-based inter-UE coordination.  
Request-based inter-UE coordination
For request-based inter-UE coordination, as shown in Figure 2, there are mainly three steps:
(1) When TX-UE (coordinated UE) performs resource (re-)selection, TX-UE will transmit request information to coordinating UE(s).
(2) The coordinating UE(s) will receive and decode the request information and then construct coordination information according to the request information and its own sensing results. And coordinating UE will feedback the coordination information to TX-UE within a time delay bound.
(3) TX-UE will (re-)select resource(s) based on own sensing results and the received coordination information.
In request-based inter-UE coordination mechanism, the request information should include at least the sub-channel number and resource selection window for target PSSCH transmission. Based on these information, the coordinating UE can provide more accurate coordination information, e.g. preferred resource set or not preferred resource set. However, an extra delay would be introduced due to the interaction procedure between coordinated UE and coordinating UE. 


Figure 2 General procedure for request-based inter-UE coordination
1.1.1 The definition of request information
For request-based inter-UE coordination, UE-B needs to transmit request information firstly. This subsection mainly discusses the contents of request information. In our view, at least the following parameters should be included:
· The parameters of UE-B’s transmission
UE-A should perform sensing and resource exclusion to construct coordination information. With the information of sub-channel number, UE-A can form the coordination information with the granularity of UE-B’s transmission and can reduce the overhead of coordination information. With the priority, UE-A can identify the initial RSRP threshold used in resource exclusion procedure. In case of periodic traffic transmission, resource reservation counter and periodicity can also be included. 
Besides, the resource coordination window is essential for inter-UE coordination.  After receiving the resource coordination information, UE-B needs to combine UE-A’s resource coordination information with its own sensing results to perform resource selection. In case of request-based inter-UE coordination, the resource coordination window of coordinating UE should be same as the resource selection window of TX-UE, which can be indicated in request message. 
Observation 1: The parameters of UE-B’s transmission (including sub-channel number, priority, periodicity, resource selection window and etc.) are essential for constructing coordination information in request-based inter-UE coordination
Proposal 2: The following UE-B’s PSSCH transmission parameters should be included in the request information for request-based inter-UE coordination:
· Sub-channel number for PSSCH transmission
· Priority level 
· Resource reservation periodicity of periodic transmission
· Resource selection window for PSSCH transmission

· The transmission delay of coordination information
The delay of inter-UE coordination is also an important factor needed to be considered. In order to guarantee more candidate resources in resource selection process and the accuracy of coordination information, the request information and coordination information should be transmitted as soon as possible. Given that the differentiation of UE’s capability, a maximum acceptable transmission delay of coordination information should be defined. 
In Figure 2, the latest tolerable time of receiving coordination information is m1+Tmaxdelay, where m1 is the time of transmitting request signaling and Tmaxdelay is the maximum acceptable delay, namely coordination information must be transmitted before m1+Tmaxdelay. If the maximum time delay is exceeded, then the coordination information is considered to be invalid.
Proposal 3: Considering the PDB of UE-B and the accuracy of coordination information, a maximum delay bound should be introduced for UE-A’s coordination information transmission. 
1.1.2 The definition of coordination information
As discussed above, inter-UE coordination can be performed to mitigate hidden-nodes problem and half-duplex problem. The content contained in coordination message may be different for different scenarios.
For mitigating the interference due to hidden nodes, both preferred or not preferred resource set could be used. If the coordinating UE knows priority and sub-channel number for target PSSCH transmission, the preferred resource set for TX-UE transmission can be identified based on legacy sensing procedure. Otherwise, the coordinating UE can identify the strong interference resource set based on sensing procedure, and the non-preferred resource set could be indicated in a time-frequency bitmap with sub-channel and slot granularity.
For mitigating half-duplex issue, TX-UE only cares about the transmission slots of RX-UE, so that TX-UE can transmit at different slot with RX-UE’s transmission. In this situation, only the possible transmission occasions of Rx-UE need to be indicated in coordination information which can greatly reduce the overhead of coordination information. This type of resource set could be a subset of not preferred resources for TX-UE’s transmission. 
Therefore, we prefer to support both resource set type, i.e. resource set which is preferred for Tx-UE transmission and resource set which is not preferred for Tx-UE transmission.
Proposal 4: Resource set for coordination information should at least include following two types in request-based inter-UE coordination, other types of coordination information should be further studied.
· Type A: Resource set which is preferred for Tx-UE transmission
· Type B: Resource set which is not preferred for Tx-UE transmission
Condition-based inter-UE coordination
For condition-based inter-UE coordination, there are also three steps as shown in Figure 3:
(1) The coordinating UE obtains the configuration information of inter-UE coordination triggering conditions before it performs coordination. 
(2) If the triggering condition is satisfied, the coordinating UE constructs coordination information according to its own sensing results, and then transmits the coordination information to coordinated UE. 
(3) When Tx UE (coordinated UE) performs resource (re-)selection, it will select resource(s) based on its own sensing results and the received coordination information.
In condition-based inter-UE coordination, it introduces less extra delay than that in request-based inter-UE coordination. However, because of the absence of request information (the exact information of UE-B’s PSSCH transmission parameters) in condition-based inter-UE coordination, UE-A cannot identify coordination resource set for UE-B’s resource (re-)selection. As shown in Figure 3, there could be a mismatch between coordination information window and resource selection window, the effectiveness of the coordination information is doubted. In this situation, it is more suitable for UE-A to perform resource conflict information as a coordination information, but the details of conditions and resource conflict coordination information design should be further studied. 


Figure 3 General procedure for condition-based inter-UE coordination
Observation 2: In condition-based inter-UE coordination, due to absence of request information (sub-channel number, priority level, resource selection window, and etc.), UE-A cannot identify coordinating resource set for UE-B’s resource (re-)selection. The resource conflict information(Type-C) can be potentially used for inter-UE coordination.
The container of coordination information
In previous meeting, the containers of coordination were discussed with following potential options:
· Option 1: New 2nd-stage SCI format
· Option 2: RRC signaling
· Option 3: MAC CE
Given that the overhead of coordination information and applicable cast type is still under discussion, it is preferred to discuss the container of coordination information after some progress on the coordination information design. 
Proposal 5: It is preferred to discuss the container of coordination information after some progress on the coordination information design. 
How to use coordination information
How to use the coordination information is highly related with the type of coordination information, it was discussed for each type of coordination information respectively: 
· Types A: Preferred resources set 
UE-A performs sensing and resource exclusion according the received request information, and then identifies resources set SA as coordination information that are preferred for UE-B’s transmission. UE-B can compose the final candidate resource set Sc which is the intersection of its own sensing result SB and preferred resource set SA.
· Types B: Not preferred resource set 
Taking the overhead of coordination information into account, UE-A can only inform its possible transmission slots to UE-B to avoid half-duplex issue. After receiving this type of coordination information, UE-B will preclude all the resources of the possible transmission occasions of UE-A.
· Type C: The set of resources where the resource conflict is detected
This types of coordination information can be used to trigger to re-selection just like re-evaluation or pre-emption. The advantage is reducing the overhead of coordination information largely. However, how to determine the coordinating UE will be a problem. 
Proposal 6: The behaviors of UE-B in identifying candidate resource set should depend on the types of coordination information:
· For type A (preferred resource set), UE-B takes the intersection of own candidate resource set SA and coordination information as the final candidate resources.
· For type B (not preferred resource set), UE-B excludes the not preferred resource set from the candidate resource set directly.
· For type C (conflict indication), FFS on the details, including how to determine the coordinating UE.
The supported cast types
Regarding the supported cast types for inter-UE coordination, it is highly correlated with the type of coordination information. For preferred resource set (Type A) or not preferred resource set (Type B), when multiple UE-A transmit coordination information to UE-B, two problems will be introduced:
(1) If the coordination information is preferred resource set, the intersection of coordination information and UE-B’s own sensing result will be small, which will result in an inability to select resources;
(2) If the coordination information is not-preferred resource set, UE-B will preclude excessive resources from the candidate resources set. Thus, the higher interference resource will be added to candidate resource set with the raising of RSRP threshold.
Therefore, considering the system overhead and reliability, for type A and type B resource coordination information, unicast and cluster-based groupcast should be supported, and the coordinated UE(s) could be the target RX-UE(s). 
For resource conflict information (Type C), since it will only indicate the resource conflict information, it could be used for broadcast or groupcast, but the details of resource conflict design and performance should be further investigated. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 7: Considering the system overhead and reliability, unicast and cluster-based groupcast should be supported in inter-UE coordination, the target RX UE(s) could be the coordinating UE(s) in unicast and cluster-based groupcast.
Simulation results
In this section, the request-based inter-UE coordination mechanism with several coordination information types of the following is evaluated in unicast scenario and RX-UE(s) is selected naturally as coordinating UE. The details of association method for unicast are provided in our contribution [3]. 
· Types A: Preferred resources set 
· Types B: Not preferred resource set (only for half-duplex)
In system simulation, UE-B will transmit request signaling to UE-A when TB arrivals and Counter is 0 (i.e., UE-B needs to (re-)select resources). The request signaling includes the type of coordination information, priority, number of sub-channel for transmission, expected coordination window. With these parameters, the coordinating UE can provide the desired coordination information, especially for determining the preferred resource set. The usage of several types of coordination information please refers to Section 5. The detailed system-level simulation assumptions are summarized in Annex A.
In evaluation, the transmission of request signaling and coordination information does not occupy any physical resources, and the reliability is set to 100%. Additionally, re-evaluation mechanism is enable but pre-emption mechanism is disable. 
With respect to adopting different types of coordination information, if coordination information only includes preferred resource set index, there are about 8% PRR gain at 300m. If coordination information only includes half-duplex occasions of Rx UE, 6% PRR gain is obtained at 300m, and the probability of half duplex is reduced from 1.05% to 0.5% as shown in Table 1. Therefore, both preferred resource set only and not preferred resource set only can provide significant performance gain, and the not preferred resource set (half-duplex slot) can largely reduce the overhead of coordination information.
Observation 3: Compared with preferred resource set for resource selection, the coordination information with not preferred resource set (i.e. half-duplex occasions) of Rx UE can provide comparable PRR gain, but largely reduce the overhead of coordination information in inter-UE coordination mechanism.
Table 1 The probability of half duplex issue
	Resource allocation mechanism
	Probability of half duplex issue

	Mode 2 w/o inter-UE coordination
	1.05%

	Mode 2 with inter-UE coordination (Type B)
	0.50%
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Figure 4 The PRR of inter-UE coordination with different types of coordination information
Conclusions
In this contribution, Inter-UE coordination is discussed. Particularly, we have following observations and proposals:
Proposal 1: Inter-UE coordination should be performed at least to solve hidden-nodes problem and half-duplex problem. Other issues should be further discussed.
Observation 1: The parameters of UE-B’s transmission (including sub-channel number, priority, periodicity, resource selection window and etc.) are essential for constructing coordination information in request-based inter-UE coordination
Proposal 2: The following UE-B’s PSSCH transmission parameters should be included in the request information for request-based inter-UE coordination:
· Sub-channel number for PSSCH transmission
· Priority level 
· Resource reservation periodicity of periodic transmission
· Resource selection window for PSSCH transmission
Proposal 3: Considering the PDB of UE-B and the accuracy of coordination information, a maximum delay bound should be introduced for UE-A’s coordination information transmission. 
Proposal 4: Resource set for resource coordination should at least include following two types in request-based inter-UE coordination, other types of coordination information should be further studied.
· Type A: Resource set which is preferred for Tx-UE transmission
· Type B: Resource set which is not preferred for Tx-UE transmission
Observation 2: In condition-based inter-UE coordination, due to absence of request information (sub-channel number, priority level, resource selection window, and etc.), UE-A cannot identify coordinated resource set for UE-B’s resource (re-)selection. The resource conflict information(Type-C) can be potentially used for inter-UE coordination.
Proposal 5: It is preferred to discuss the container of coordination information after some progress on the coordination information design. 
Proposal 6: The behaviors of UE-B in identifying candidate resource set should depend on the types of coordination information:
· For type A (preferred resource set), UE-B takes the intersection of own candidate resource set SA and coordination information as the final candidate resources.
· For type B (not preferred resource set), UE-B excludes the not preferred resource set from the candidate resource set directly.
· For type C (conflict indication), FFS on the details, including how to determine the coordinating UE.
Proposal 7: Considering the system overhead and reliability, unicast and cluster-based groupcast should be supported in inter-UE coordination, the target RX UE(s) could be the coordinating UE(s) in unicast and cluster-based groupcast.
Observation 3: Compared with preferred resource set for resource selection, the coordination information with not preferred resource set (i.e. half-duplex occasions) of Rx UE can provide comparable PRR gain, but largely reduce the overhead of coordination information in inter-UE coordination mechanism.
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Annex A: System Level Evaluation Assumptions
	Parameter
	Value

	Deployment scenario
	Highway:  Option A scenario 
· Vehicle speed = 70 km/h

	Channel model
	Sidelink: Highway-LOS 

	Spectrum allocation
	Carrier frequency: 6 GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Periodic: 
· Packet size: Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Inter-packet arrival time: 100ms
· Latency requirement: 100ms

	Physical channel structure
	Option 3

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB, 3 OS
· PSSCH of aperiodic: [10, 20, 30, 40, 50] PRB for packet size of [400, 800, 1200, 1600, 2000] Bytes
· PSSCH of periodic: 30 PRB for packet size of [800, 1200] Bytes

	Data Packet Tx parameters
	Periodic variable packet size evaluations: 
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.444)
· 1200 Byte packet: 16-QAM, 1 TTI (CR = 0.667)

	Channel coding 
	PSCCH: Polar code
PSSCH: LDPC

	Antenna configuration 
	(Tx, Rx) = (2, 4) 



1

image2.emf
UE1

UE2 UE3


oleObject2.bin
�

�


image3.emf
n

TB arrival

Transmitting 

request 

information

m1

m2

Resource selection window

m2+Tlength

Coordinated UE

Coordinating UE

Time

Time

m1+Tmaxdelay

Maximum delay 

for receiving 

coordination 

information

Coordination information window

Receiving 

coordination 

information


Microsoft_Visio___.vsdx
n
TB arrival
Transmitting request information
m1
m2
Resource selection window
m2+Tlength
Coordinated UE
Coordinating UE
Time
Time
m1+Tmaxdelay
Maximum delay for receiving coordination information
Coordination information window
Receiving coordination information



image4.emf
n

TB arrival

m2

Resource selection window

m2+Tlength

Coordinated UE

Coordinating UE

Time

Time

Coordination information window

Coordination 

information

Obtaining 

configuration 

information

Condition 

triggering


Microsoft_Visio___1.vsdx
n
TB arrival
m2
Resource selection window
m2+Tlength
Coordinated UE
Coordinating UE
Time
Time
Coordination information window
Coordination information
Obtaining configuration information
Condition triggering



image5.emf
0 50 100 150 200 250 300

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

PRR

Highway 70km/h, Unicast, Periodic traffic

Different types of coordination information

 

 

Type1: Preferred resource set index

Type2: Possible transmission occasions

Type3: Including both Type1 and Type2

Inter-UE Coordination OFF


image1.emf
UE1

UE2 UE3


oleObject1.bin
�

�


