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Introduction
In RAN#103-e meeting, the following conclusions for mode2 enhancements were achieved as follows [1]:
	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 provide our views on mode2 enhancements and simulation results for inter-UE coordination mechanism.
[bookmark: _GoBack]Mode 2 enhancements for reliability and latency 
In Rel-17 sidelink enhancement, the mode 2 enhancements are motivated for enhanced reliability and reduced latency, especially for some conditions, e.g., when the channel is relatively busy. However, the mode 2 resource selection mechanism in Rel-16 is a typical distributed resource accessing mechanism, if the system load is very high, the whole system performance will be definitely down-graded. In this situation, if the motivation of this WI is to improve the whole system performance, centralized-likely resource selection mechanism should be studied in mode 2. If the motivation of this WI is only to improve the reliability and latency performance for URLLC-type service with the cost of performance loss of other non-URLLC-type service, some left-over issues in Rel-16 NR-V2X are highly related with this WI, e.g. the details of pre-emption operation, resource reservation, skip slot processing, and etc.
Observation 1: Centralized-likely resource selection mechanism can be studied in Mode 2 to improve the system performance, especially in high system load. 
Observation 2: The potential enhanced aspects are highly related with the left-over issues in Rel-16 mode 2, including pre-emption, resource reservation and skip-slot processing.
In general, in order to improve the reliability of sidelink, two aspects in mode 2 resource selection should be further studied: one is to mitigate half-duplex issue; the other is to mitigate interference due to resource collision or hidden nodes. 
· Mitigating half-duplex issue
In Rel-16 sidelink design, the half-duplex issue is mitigated only by a probabilistic manner, i.e. the Tx UE selects its transmission resource(s) randomly based on the sensing results in a time duration. Different UE may select different transmission slot. However, when the system load is high, the half-duplex issue will be more serious. Some mechanism shall be introduced to mitigate the half-duplex issue. For example, according to the sensing results, the Rx UE can know some slots have its intended higher priority traffic, the Rx UE can exclude these slots from its candidate resources to mitigate the half duplex-issue. 
· Mitigating interference due to resource collision and hidden nodes
In Rel-16 sidelink design, besides the sensing-based resource selection, the re-evaluation and pre-emption mechanisms are introduced to mitigate the resource collision. However, some details are still pending for on-going discussion. Besides that, some further discussion is necessary on the RSRP threshold adaptation issue, as shown in Figure 1. The maximum slot gap between two resources within a SCI is 32 slots, when T2 > (31-Tproc0), the selection window [T1, T2] can be divided into two sub-windows [T1, (31-Tproc0)] and [(32-Tproc0), T2], where the first sub-window can include both aperiodic and periodic reservation information reflecting the real traffic load, and the second sub-window has only potential periodic reservation information. The transmission resource will be selected in the second sub-window with high probability due to more “fake-available” resource in the candidate resource set.  The system performance will be heavily penalized under heavy or burst traffic.
The interference due to hidden nodes cannot be known by sensing of Tx UE, since the hidden nodes could be far-away from the Tx UE. This issue would be discussed in Section 3(Inter-UE coordination).
[image: ]
Figure 1: Two sub-windows [T1, (31-Tproc0)] and [(32-Tproc0), T2]
Proposal 1: Two aspects in mode 2 resource selection should be further studied in Rel-17 sidelink enhancement: one is to mitigate half-duplex issue; the other is to mitigate interference due to resource collision and hidden nodes.
Proposal 2: RSRP threshold adaption issue due to restrictions of 32 slots should be studied in Rel-17 sidelink enhancement. 
In Rel-16 NR V2X, the mode 2 resource selection mechanism does not differentiate among broadcast, groupcast and unicast communication. However, there are some different characters among these cast types, especially for the connection-oriented groupcast(platooning) and unicast. In platooning-likely groupcast communication, there is a cluster-head from application perspective, and the driving strategy for whole group shall be indicated by cluster-head which requires extreme high reliability and low latency. In unicast communication, only one intended UE is required, and the PC5-RRC connection between unicast pair is maintained. Some further optimization should be introduced for the resource selection of groupcast and unicast communication.
Observation 3: The mode 2 resource selection mechanism in Rel-16 NR-V2X does not differentiate among broadcast, groupcast and unicast communication, even these cast types have different characters. 
Proposal 3: Further optimization should be considered for the resource selection of groupcast and unicast communication.
In Rel-16 NR-V2X, the HARQ retransmission could be either blind retransmission or HARQ-ACK feedback based retransmission. Blind retransmission can archive lower latency with the cost of spectrum efficiency. The HARQ-ACK feedback based retransmission could archive higher reliability with the cost of latency due to HARQ RTT time. Therefore, the blind retransmission scheme and HARQ-ACK feedback based retransmission scheme are complementary to each other. When the services require both stringent latency and extreme reliability, the blind retransmission and HARQ-ACK feedback based retransmission could be combined to support the transmission.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: The mixture of blind retransmission and HARQ-ACK feedback based retransmission should be studied in Rel-17 sidelink enhancement.
Inter-UE coordination
Application scenarios
In NR-V2X SI phase, inter-UE coordination (mode 2-b) is identified as a potential enhancement for mode 2 resource selection, and inter-UE coordination can be used to assist mode 2 resource selection of other UEs. Due to the time limitation of Rel-16 NR-V2X work item, inter-UE coordination was not specified in Rel-16 NR-V2X. 
Inter-UE coordination can be beneficial for hidden nodes issue, as shown in Figure 2-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 same transmission resource. The co-channel interference will happen at Rx UE side (UE3).
Another aspect is the half duplex issue, as shown in Figure 2-b). UE3 is the target receiving UE of UE 1, and UE3 selects transmission resource overlapped with the transmission resource 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. In unicast and groupcast communication, the coordinated UE could be target Rx UE(s). However, in broadcast communicaiton, how/whether to selected coordinated UE will be a problem. 


               
a) Hidden-nodes                                                                  b) Half-duplex
Figure 2: The application scenarios of inter-UE coordination
Proposal 5: Inter-UE coordination should be performed at least to solve hidden-nodes problem and half-duplex problem. Other issues should be further discussed.
Inter-UE coordination triggering
According to the email discussion of RAN1#102-e meeting, there are two options to trigger inter-UE coordination [2]:
· Option 1: Request-based coordination.
The general procedure of option 1 is shown in Figure 3, and there are mainly three steps:
(1) When a TB arrives at TX-UE (coordinated UE) that needs higher reliability, TX-UE will transmit request information to coordinating UE(s). 
(2) The coordinating UE(s) will receive and decode the request information and then identify coordination information according its own sensing result and the content of request information. After that, coordination information will be transmitted to TX-UE;
(3) TX-UE will (re-)select resource(s) based on its sensing results and the received coordination information.
In option 1, the coordinating UE can provide more accurate resource coordination information based on the request information, e.g. the sub-channel number and resource selection window for target PSSCH transmission. A maximum delay between request message and coordination message is required to ensure the validation of resource coordination. However, it introduces an extra delay due to the interaction procedure, which is not suitable for the traffic with extreme latency requirement. 
· Option 2: Periodic/condition based coordination.
The general procedure of option 2 is shown in Figure 4, and there are mainly three steps:
(1) The coordinating UE obtain the configuration information of coordination triggering periodicity or condition from TX-UE, gNB or pre-configuration.
(2) If the periodicity or condition is satisfied, the coordinating UE identifies coordination information according its own sensing result, and transmit the coordination information to TX-UE. 
(3) TX-UE will (re-)select resource(s) based on its sensing results and the received coordination information.
In option 2, it introduces less extra delay than option 1. However, the coordinating UE may not know the exact information about the sub-channel number and resource selection window for target PSSCH transmission. In this situation, the resource coordination window may not overlap with the resource selection window of target PSSCH transmission, and coordinating UE may not provide the preferred resource set. From this perspective, the effectiveness of resource coordination in option 2 is less than that in option 1. Furthermore, the details of condition of option 2 should further studied. 



Figure 3: General procedure for option 1


Figure 4: General procedure for option 2

Based on above analysis, option 1 is more effectiveness than option 2, and option 2 need to further study the details of condition and suitable resource set for resource coordination.
Proposal 6: For inter-UE coordination triggering, 
· The request-based coordination (option 1) should be supported
· Periodic/condition based coordination (option 2) need further study, including the trigger condition(s) and correlated type of resource set.  
Resource set type definition
As discussed above, inter-UE coordination can be performed to solve hidden-nodes problem and half-duplex problem. The content contained in coordination message may differ for different scenarios.
For mitigating half-duplex issue, the TX-UE only cares about the transmission time of RX-UE so that TX-UE can transmit at different slot with RX-UE. In this situation, only the possible transmission occasions of Tx UE need to be indicated in coordination information which can greatly reduce the overhead of coordination information. The resource set could be the resources which is not preferred for TX-UE’s transmission. 
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 in sub-channel based manner based on legacy sensing procedure, and the non-preferred resource set could be indicated in a time-frequency bitmap with sub-channel and slot granularity.
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 7: Resource set for resource coordination should at least include following two types:
· Type A: Resource set which is preferred for Tx-UE transmission
· Type B: Resource set which is not preferred for Tx-UE transmission
Resource coordination window
The resource coordination window is essential for resource coordination.  After receiving the resource coordination information, the TX-UE need to combine the resource coordination information and its own sensing results to perform resource selection. In case of request-based inter-UE coordination triggering (option 1), the resource coordination window of coordinating UE can be same as the resource selection window of TX-UE, which can be indicated in request message. In case of periodic/conditional based inter-UE coordination triggering, the resource coordination window should be indicated by the coordination information.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 8: Resource coordination window for the coordination information shall be known by Tx-UE.
· For request-based inter-UE coordination triggering (option 1), the resource coordination window of coordinating UE is the same as the resource selection window of TX-UE
· For periodic/condition based inter-UE coordination triggering, the resource coordination window should be indicated by the coordination information.
Simulation results
In this section, the request-based inter-UE coordination mechanism with several coordination information types of the following is evaluated in unicast and groupcast scenarios. In both unicast and groupcast scenarios, RX-UE(s) is selected naturally as coordinating UE(s). the details of association method for unicast and groupcast are provided in our contribution [3]. 
· Types 1: Preferred resources set 
UE-A performs sensing and resource exclusion according the received request signaling and then identifies resources set SA as coordination information that are preferred for UE-B’s transmission. UE-B composes the final candidate resource set Sc which is the intersection of its own sensing result SB and preferred resource set SA of coordinating UE A.
· Types 2: Not preferred resource set (only for half-duplex)
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.
· Types 3: both preferred resource set and not preferred resource set
In order to maximize the gain of inter-UE coordination, both preferred resource set and not preferred resource set are sent to UE-B. The overhead will be definitely the largest.
In system simulation, UE-B will transmit request signaling to UE-A when TB arrivals at n or 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 and maximum RSRP threshold after iteration of 3dB raising. With these parameters, the coordinated UE can provide the desired coordination information, especially for determining the preferred resource set. The detailed system-level simulation assumptions are summarized in Annex A.
Firstly, the performance gain of inter-UE coordination mechanism is evaluated in highway 70km/h scenario, and the latency of transmitting and processing coordination information is set to 2ms. In evaluation, the transmission of request signaling and coordination information does not occupy any physical resources, and the reliability is set to 100%. Additionally, in our evaluation, re-evaluation mechanism is enable but pre-emption mechanism is disable. 
Evaluation results for unicast communication
For unicast evaluation, in order to evaluated the maximum performance gain, type 3 coordination information is adopted.  The evaluation results are provided in Figure 5. It can be observed that there is about 15% PRR gain for periodic traffic but almost no gain for aperiodic traffic at 300m in highway 70km/h. For aperiodic traffic, as analyzed by Section 2, either UE-A or UE-B can only sense the resource occupation of first sub-window [T1, (31-Tproc0)], when the intersection of own sensing results and coordination information is used for resource selection, there is a higher probability to choose resources from the second sub-window [(32-Tproc0), T2] which is ‘fake-available’, so the gain is negligible. But for period traffic, the sensing mechanism can predict the resources occupation of all the window, UE-B can effectively avoid high interfere resources and half-duplex slots with coordination information, so the performance gain is considerable.
Observation 4: The inter-UE coordination can provide considerable PRR gain for periodic services but negligible PRR gain for aperiodic services.
Proposal 9: The inter-UE coordination mechanism for unicast should be specified in Rel-17.
	Highway 70km/h, Unicast, Aperiodic traffic
Re-evaluation Enable
	Highway 70km/h, Unicast, Periodic traffic
Re-evaluation Enable
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Figure 5: The PRR of inter-UE coordination for periodic traffic and aperiodic traffic
With respect to adopting different types of coordination information in highway 70km/h scenario, if coordination information only includes preferred resource set index, there are about 8% PRR gain at 300m and if coordination information only includes half-duplex occasions of Rx UE, 6% PRR gain is obtained at 300m. Therefore, both preferred resource set only and no 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 5: 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.
[image: ]
Figure 6: The PRR of inter-UE coordination with different types of coordination information
 In order to evaluate the impacts of different RSRP threshold configurations for determining preferred resource set, the different RSRP raising number is set in our system simulation for evaluating the different RSRP threshold impacts. The evaluation results are shown in Figure 7. It can be observed that the different RSRP configuration will impacts the performance of inter-UE coordination. If the RSRP raising number is too small, coordination information will only contain a small number of preferred resources and may not choose suitable transmission resources from the intersection. And if the RSRP raising number is too large, the coordination information will contain higher interfere resource and then may deteriorate the performance of inter-UE coordination. 
Observation 6: The different RSRP configuration will impact the performance of inter-UE coordination.
Proposal 10: The RSRP configuration should be indicated explicitly in request signaling to determine the coordination information with preferred resource set. 

[image: ]
Figure 7: The PRR of inter-UE coordination with different RSRP configurations

Conclusions
In this contribution, the potential enhancements on mode 2 are discussed. Particularly, we have following observations and proposals:
Observation 1: Centralized-likely resource selection mechanism can be studied in Mode 2 to improve the system performance, especially in high system load. 
Observation 2: The potential enhanced aspects are highly related with the left-over issues in Rel-16 mode 2, including pre-emption, resource reservation and skip-slot processing.
Proposal 1: Two aspects in mode 2 resource selection should be further studied in Rel-17 sidelink enhancement: one is to mitigate half-duplex issue; the other is to mitigate interference due to resource collision and hidden nodes.
Proposal 2: RSRP threshold adaption issue due to restrictions of 32 slots should be studied in Rel-17 sidelink enhancement. 
Observation 3: The mode 2 resource selection mechanism in Rel-16 NR-V2X does not differentiate among broadcast, groupcast and unicast communication, even these cast types have different characters. 
Proposal 3: Further optimization should be considered for the resource selection of groupcast and unicast communication.
Proposal 4: The mixture of blind retransmission and HARQ-ACK feedback based retransmission should be studied in Rel-17 sidelink enhancement.
Proposal 5: Inter-UE coordination should be performed at least to solve hidden-nodes problem and half-duplex problem. Other issues should be further discussed.
Proposal 6: For inter-UE coordination triggering, 
· The request-based coordination (option 1) should be supported
· Periodic/condition based coordination (option 2) need further study, including the trigger condition(s) and correlated type of resource set.  
Proposal 7: Resource set for resource coordination should at least include following two types:
· Type A: Resource set which is preferred for Tx-UE transmission
· Type B: Resource set which is not preferred for Tx-UE transmission
Proposal 8: Resource coordination window for the coordination information shall be known by Tx-UE.
· For request-based inter-UE coordination triggering (option 1), the resource coordination window of coordinating UE is the same as the resource selection window of TX-UE
· For periodic/condition based inter-UE coordination triggering, the resource coordination window should be indicated by the coordination information.
Observation 4: The inter-UE coordination can provide considerable PRR gain for periodic services but negligible PRR gain for aperiodic services.
Proposal 9: The inter-UE coordination mechanism for unicast should be specified in Rel-17.
Observation 5: 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.
Observation 6: The different RSRP configuration will impact the performance of inter-UE coordination.
Proposal 10: The RSRP configuration should be indicated explicitly in request signaling to determine the coordination information with preferred resource set. 
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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
	Aperiodic: 
· Packet size: uniform in the range [400, 2000] Byte with quantization step of 400 Byte 
· Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50ms
· Latency requirement: 50ms
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
	Aperiodic variable packet size evaluations: 
· 400 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 1200 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 1600 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 2000 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
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) 
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