3GPP TSG-RAN WG2 Meeting #99














    R2-1708510
Berlin, Germany, 21st – 25th August 2017 
Title: 
Consideration on resource pool sharing between UEs using mode 3 and mode 4
Source: 
ZTE

Agenda item:
9.10.3
Document for:
Discussion and Approval
1   Introduction
In the RAN#75 meeting, the new WID on 3GPP V2X Phase 2 was approved [1]. The aim of this work item is to support advanced V2X services as identified in 3GPP SA1 TR 22.886 by specify technologies for 3GPP V2X Phase 2. The following detailed objectives are included in this work item.
	1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;


In this contribution, we focus on the issue of the resource pool sharing between UEs using mode 3 and UEs using mode 4. Firstly we analyze the scenario of resource pool sharing, and then we present our considerations and some potential solutions. 
2   Discussion
In R14 V2X, the resource pools for UEs using mode 3 and UEs using mode 4 are non-overlapping resource pools. In order to improve the resource efficiency, the resource pool sharing between UEs using mode 3 and UEs using mode 4 is expected to be investigated in the eV2X WID. As we know, the transmission resource is allocated by the eNB for mode 3 UEs, while the transmission resource is selected by the transmitting UE for mode 4. In R14 V2X, the eNB has no idea of which resources mode 4 UE selects and reserves. As a result, if mode 3 UEs and mode 4 UEs share the same resource pool, the main challenge is how to avoid the resource collision between UEs using mode 3 and mode 4 respectively. 
Scenarios
In this section, we discuss the potential scenarios for the resource pool sharing of UE using mode 3 and UE using mode 4. Generally speaking, there are six scenarios for resource pool sharing between mode 3 UEs and mode 4 UEs considering different releases of UE and different resource allocation modes. 
Scenario 1）R14 mode 3 and R15 mode 4

In scenario 1, R15 mode 4 UE could be enhanced to perform sensing and reporting resource occupation status of the shared resource pool in order to assist the eNB to allocate resources for mode 3 UEs, i.e. the eNB only allocates resources not reserved by mode 4 UEs for mode 3 UEs.  
Proposal 1：In the scenario of resource pool sharing between R14 mode 3 UEs and R15 mode 4 UEs, it is suggested that R15 mode 4 UEs perform sensing and reporting on the shared resource pool. 
On the other hand, it should be discussed whether R15 IDLE mode 4 UE could use the shared resource pool. As we know, mode 4 UE in RRC_IDLE couldn't perform shared resource pool information reporting. If R15 IDLE mode 4 UE also uses the shared resource pool, it is possible that R15 IDLE mode 4 UEs selects the same resource used by R14 mode 3 UE. Since eNB has no idea of the resource usage of R15 IDLE mode 4 UE, the resource collision between R14 mode 3 UEs and R15 mode 4 UEs seems inevitable. As a result, it is suggested that the shared resource pool is not used by R15 IDLE mode 4 UEs in this scenario. 
Proposal 2：In the scenario of resource pool sharing between R14 mode 3 UEs and R15 mode 4 UEs, it is suggested that the shared resource pool is not used by R15 IDLE mode 4 UEs.
Scenario 2）R15 mode 3 and R14 mode 4

In scenario 2, R15 mode 3 UE could be enhanced to perform sensing and reporting resource occupation status of the shared resource pool in order to assist the eNB to allocate resource for mode 3 UEs. In this scenario, both R14 IDLE mode 4 UE and R14 CONNECTED mode 4 UE could use the shared resource pool since it is the responsibility of R15 mode 3 UE to perform sensing and reporting on the shared resource pool. 
Proposal 3：In the scenario of resource pool sharing between R15 mode 3 UEs and R14 mode 4 UEs, it is suggested that R15 mode 3 UEs perform sensing and reporting on the shared resource pool. 
Scenario 3）R15 mode 3 and R15 mode 4 

In scenario 3, only R15 UEs could use the shared resource pool. That means both R15 mode 3 UE and R15 mode 4 UE could be enhanced to perform the sensing and reporting. It could be further divided into the following two cases on the basis of whether R15 IDLE mode 4 UE uses the shared resource pool. 
Scenario 3-1) R15 mode 3 UE shares resource pool with R15 CONNECTED mode 4 UE 
In this scenario, R15 mode 3 UE could perform sensing and reporting on the shared resource pool. Alternatively, R15 CONNECTED mode 4 UE could perform sensing and reporting on the shared resource pool to assist the eNB to allocate resource for mode 3 UEs. 
Scenario 3-2) R15 mode 3 UE shares resource pool with both R15 IDLE and CONNECTED mode 4 UEs 
In this scenario, it should be the responsibility of R15 mode 3 UE to perform sensing and reporting on the shared resource pool. Otherwise, if only R15 CONNECTED mode 4 UEs performs sensing and reporting, the eNB couldn't obtain enough information of the shared resource pool to assist the resource scheduling of the R14 mode 3, as analyzed in scenario 2. 
Proposal 4：In the scenario of resource pool sharing between R15 mode 3 UEs and R15 mode 4 UEs, if the shared resource pool is not used by R15 IDLE mode 4 UE, either R15 mode 3 UE or R15 CONNECTED mode 4 UE could perform sensing and reporting on the shared pool. Otherwise, if R15 IDLE mode 4 UE also uses the shared resource pool, R15 mode 3 UE shall be responsible for the sensing and reporting on the shared pool. 
Scenario  4) R14 mode 4 UE and R15 mode 3 and R15 mode 4 UE
In this scenario, both R14 mode 4 UE and R15 mode 4 UE could use the shared resource pool. Since it is possible that there are only R14 mode 4 UEs in the proximity of R15 mode 3 UE, R15 mode 3 UE shall be responsible to perform sensing and reporting on the shared resource pool in order to assist the eNB to allocate resource for mode 3 UEs. And it is not suggested that sensing and reporting is performed only by R15 mode 4 UE.  
Proposal 5: In the scenario of resource pool sharing among R14 mode 4 UEs, R15 mode 3, and R15 mode 4 UEs, R15 mode 3 UE shall be enhanced to perform sensing and reporting on the shared resource pool.
Scenario 5) R14 mode 3 and R15 mode 3 and R15 mode 4 UE
In scenario 5, if R15 IDLE mode 4 UE uses the shared resource pool, it is possible that R15 IDLE mode 4 UEs selects the same resource used by R14 mode 3 UE. Since eNB has no idea of the resource usage of R15 IDLE mode 4 UE, the resource collision between R14 mode 3 UEs and R15 IDLE mode 4 UEs seems inevitable. As a result, it is suggested that the shared resource pool is not used by R15 IDLE mode 4 UEs in this scenario. And R15 mode 4 UE shall be responsible for the sensing and reporting on the shared resource pool to assist the eNB to schedule R14 mode 3 UEs and R15 mode 3 UEs.  
Proposal 6: In the scenario of resource pool sharing among R14 mode 3 UEs, R15 mode 3, and R15 mode 4 UEs, it is suggested that the shared resource pool is not used by R15 IDLE mode 4 UEs in this scenario. And R15 mode 4 UE shall be responsible for the sensing and reporting on the shared resource pool.
As analyzed above, the scenario of resource pool sharing between UEs using mode 3 and UEs using mode 4 could be summarised in Table 1. 
Table 1 Scenario of resource pool sharing between UEs using mode 3 and UEs using mode 4
	Scenario
	Who is responsible for measurement &report
	Note

	Scenario 1）R14 mode 3 and R15 mode 4
	mode 4 UE 
	the shared resource pool is not used by R15 IDLE mode 4 UE

	Scenario 2）R15 mode 3 and R14 mode 4
	mode 3 UE 
	

	Scenario 3） R15 mode 3 and R15 mode 4
	Case 3-1) R15 mode 3 and R15 CONNECTED mode 4
	mode 3 or mode 4 UE
	

	
	Case 3-2) R15 mode 3 and R15 IDLE and R15 CONNECTED mode 4
	mode 3 UE
	

	Scenario 4) R14 mode 4 UE and R15 mode 3 and R15 mode 4 UE
	mode 3 UE
	

	Scenario 5) R14 mode 3 and R15 mode 3 and R15 mode 4 UE
	mode 4 UE
	the shared resource pool is not used by R15 IDLE mode 4 UEs 


Solutions
In this section, we discuss several potential mechanisms to support resource pool sharing between UEs using mode 3 and UEs using mode 4. 
Reporting mechanism
The following there reporting mechanisms including mode 3 UE or mode 4 UE performs the reporting could be considered to support the resource pool sharing. 
Solution 1: R15 mode 4 UE reports the reserved resources by itself
In this solution, R15 mode 4 UE reports the reserved initial transmission and/or retransmission resources and reservation period to the eNB upon resource selection/reselection. In this situation, all R15 mode 4 UEs is required to perform the reporting upon resource selection/reselection. It means that the shared resource pool shall not be used by R15 IDLE mode 4 UEs since they are uncapable of reporting. This solution is applicable in scenario 1, scenario 2-1, or scenario 5. As we can see, the reporting is triggered upon change of selected resources or reservation period. Frequent reporting by R15 mode 4 UE shaould be avoided in this solution. Based on the report from R15 mode 4 UE, the eNB could schedule unoccupied resources to mode 3 UE. 
Solution 2: R15 mode 4 UE reports the available resources in the shared resource pool
In solution 2, R15 mode 4 UE may report (a set of) available resources of the shared resource pool based on the reserved resources of itself and the sensing result. It is not necessary for all R15 mode 4 UEs to report in this solution. The eNB could instruct which R15 mode 4 UE to report. The eNB shall schedule mode 3 UE based on the report received from R15 mode 4 UE. Similar with solution 1, frequently reporting may be required for R15 mode 4 UEs in order to assist the eNB to schedule mode 3 UEs, which would introduce a lot of signalling overhead. 
Solution 3: R15 mode 3 UE reports the available resources in the shared resource pool
In solution 3, R15 mode 3 UE may report (a set of) available resources of the shared resource pool based on the sensing result suppose the R15 mode 3 UE is enhanced to support sensing. The reporting could be based on event trigger (i.e. upon requesting transmission resource) or periodically. If the reporting is triggered upon UE requesting transmission resource, the minimized transmission delay is about 20ms. However, the maximum latency requirement for eV2X may be lower than 20ms (e.g. 10ms, 5ms, 3ms) according to TR 22.886. In other word, the solution of R15 mode 3 UE reporting upon requesting transmission resource couldn’t meet the latency requirement of eV2X traffic. If the reporting is triggered periodically and R15 mode 3 UE performs sensing and reporting on the shared resource pool in advance before requesting transmission resource, the latency requirement of eV2X traffic could be met. However, frequently reporting may be necessary for R15 mode 3 UEs even though there is no eV2X data to be transmitted yet. As a result, a lot of unnecessary reporting RRC signallings may be generated. 
Proposal 7: RAN2 is suggested to discuss whether mode 3 or mode 4 UE is responsible for the reporting on the shared resource pool and the content of the report.
Resource pool configuration 
It should be noted that even though R15 mode 3 UE or R15 mode 4 UE performs sensing and reporting on the shared resource pool, it is still likely the resources allocated for mode 3 UE conflict with resources selected by mode 4 UE. If mode 4 UE reports its selected resources after resource selection/reselection, the eNB could realize whether resource collision occurs between mode 3 UE and R15 mode 4 UE. For mode 3 SPS scheduled UE, if resource collision occurs, the eNB could adjust the SPS resource allocation for mode 3 UE. However, it doesn't work for the resource collision between mode 4 UE and dynamically scheduled mode 3 UE since one shot resource is allocated for dynamically scheduled mode 3 UE. Based on this observation, it is suggested that separate resource pool is configured for the dynamic scheduling of R14 or R15 mode 3 UE, i.e. R14 or R15 dynamic mode 3 UE shall not use the shared resource pool. It could be implemented in the eNB by maintaining a separate resource pool for mode 3dynamic scheduling. 
Proposal 8: In order to ensure the performance of dynamic mode 3 UE, it is suggested that separate resource pool is used by R14 or R15 dynamic mode 3 UE, i.e. R14 or R15 dynamic mode 3 UE shall not use the shared resource pool. It could be implemented in the eNB by maintaining a separate resource pool for mode 3 dynamic scheduling. 
Furthermore, if the reporting is triggered upon requesting transmission resource of the mode 3 UE, the eNB may haven’t received the report from the mode 3 UE yet when allocating resources for the UE. To resolve this problem, a separate resource pool which is not overlapping with the shared resource pool could be defined dedicated for mode 3 UEs. If the eNB hasn’t obtained resource occupation information of shared resource pool, the eNB could schedule the mode 3 UE with resources in the dedicated mode 3 resource pool. And once the eNB obtained resource occupation information of the shared resource pool from the mode 3 UE, the shared resource pool could be scheduled for the mode 3 UE. 
Proposal 9: A separate resource pool which is not overlapping with the shared resource pool could be defined dedicated for mode 3 UEs including UEs using dynamic scheduling and UEs using SPS scheduling, which could be used when the eNB hasn’t obtained sensing results on the shared resource pool from the mode 3 UE yet. 
3   Conclusion

In this paper, we discussed the issue of the resource pool sharing between UEs using mode 3 and UEs using mode 4 and presented our considerations. And we have the following observations and proposals:
Proposal 1：In the scenario of resource pool sharing between R14 mode 3 UEs and R15 mode 4 UEs, it is suggested that R15 mode 4 UEs perform sensing and reporting on the shared resource pool. 
Proposal 2：In the scenario of resource pool sharing between R14 mode 3 UEs and R15 mode 4 UEs, it is suggested that the shared resource pool is not used by R15 IDLE mode 4 UEs.
Proposal 3：In the scenario of resource pool sharing between R15 mode 3 UEs and R14 mode 4 UEs, it is suggested that R15 mode 3 UEs perform sensing and reporting on the shared resource pool. 
Proposal 4：In the scenario of resource pool sharing between R15 mode 3 UEs and R15 mode 4 UEs, if the shared resource pool is not used by R15 IDLE mode 4 UE, either R15 mode 3 UE or R15 CONNECTED mode 4 UE could perform sensing and reporting on the shared pool. Otherwise, if R15 IDLE mode 4 UE also uses the shared resource pool, R15 mode 3 UE shall be responsible for the sensing and reporting on the shared pool. 
Proposal 5: In the scenario of resource pool sharing among R14 mode 4 UEs, R15 mode 3, and R15 mode 4 UEs, R15 mode 3 UE shall be enhanced to perform sensing and reporting on the shared resource pool.
Proposal 6: In the scenario of resource pool sharing among R14 mode 3 UEs, R15 mode 3, and R15 mode 4 UEs, it is suggested that the shared resource pool is not used by R15 IDLE mode 4 UEs in this scenario. And R15 mode 4 UE shall be responsible for the sensing and reporting on the shared resource pool.
Proposal 7: RAN2 is suggested to discuss whether mode 3 or mode 4 UE is responsible for the reporting on the shared resource pool and the content of the report.
Proposal 8: In order to ensure the performance of dynamic mode 3 UE, it is suggested that separate resource pool is used by R14 or R15 dynamic mode 3 UE, i.e. R14 or R15 dynamic mode 3 UE shall not use the shared resource pool. It could be implemented in the eNB by maintaining a separate resource pool for mode 3 dynamic scheduling. 
Proposal 9: A separate resource pool which is not overlapping with the shared resource pool could be defined dedicated for mode 3 UEs including UEs using dynamic scheduling and UEs using SPS scheduling, which could be used when the eNB hasn’t obtained sensing results on the shared resource pool from the mode 3 UE yet. 
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