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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved [1]. One of the WI objectives is to study and specify solutions without causing significant degradation to Rel-14 PC5 UEs in case of radio resource pool sharing between UEs using mode-3 and UEs using mode-4:
	The detailed objectives of this work item are as follows:
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;


At the RAN1#92 WG meeting, resource pool sharing aspects were discussed with the following agreement made by RAN1:

· Rel-15 Mode 3 UEs shall set the resource reservation field in SCI-1 to the SPS period. 

In this contribution, we further discuss objectives of radio resource pool sharing between mode-3 (eNB-controlled) and mode-4 (UE-autonomous) UEs. One of the design principles that we suggest to agree on is that scheduling of mode-3 UE should respect priority of mode-4 transmissions. Our views on other V2X enhancements are provided in companion contributions [2]-[6].
2 Discussion on Radio Resource Pool Sharing
The UE-autonomous resource allocation mode can be used within and outside of network coverage scenarios while the eNB-controlled mode can be used only within network coverage. In general, we do not see much motivation to use both modes for in-coverage UEs sharing the same resource pools. However, depending on the network configuration it may happen that within network coverage only eNB-controlled mode is enabled while in out of network coverage only UE-autonomous mode is possible and therefore at network edge both modes may need to coexist, sharing the same resource pool.

Observation 1
· Sharing of sidelink resources (pools) by mode-3 and mode-4 UEs is not desirable from system perspective and may lead to performance loss of both modes due to their fundamental differences.
· Scenarios where mode-3 and mode-4 UEs share the same resource pool should not be considered as a baseline operation options and need to be avoided in practice where possible, unless all open issues are resolved.

· The partial coverage scenario is the only scenario, where mode-3 and mode-4 UEs may need to share resources.

3 Resource Pool Sharing and Potential Enhancements

The principles of resource selection for V2V communication in mode-3 and mode-4 are fundamentally different. The seamless coexistence of two resource allocation modes (eNB-controlled and UE-autonomous) in the same resource pool require multiple considerations and a lot of specification work. The proposed solutions should at least not harm performance of R14 UEs due to new behavior of R15 UEs comparing to R14 UEs.
3.1 Measurements and Reporting
Overview of mode-3/mode-4 operation and coexistence challenges
For mode-3 UEs, eNB is expected to utilize vehicle geo-location information to provide UE resource assignment. In case if all UEs operate in mode-3, eNB can orthogonalize UE transmissions based on location information and using a proprietary inter-cell coordination techniques. However, the coexistence in case of mixed scenario (mode-3 and mode-4 UEs sharing the same resource pool) becomes problematic given that different principles are used for resource selection and eNB may not be aware about actual radio-environment and resource utilization.

In mode-4, UEs perform sophisticated sensing and resource selection procedure aiming to avoid collisions and select less congested resources, while respecting the priority information indicated by UEs in SCI Format 1. Mode-4 UEs autonomously reselecting resources, perform receive power (radio-distance) measurements for each candidate transmitter and candidate resource and then select from the candidate set of the less congested resources to avoid significant impact of co-channel and in-band emission interference.
For the mixed mode-3 and mode-4 scenario, the open question is how to avoid scheduling of mode-3 transmissions on resources occupied by mode-4 UEs or how to avoid using mode-3 resources by mode-4 UEs. In this scenario, the additional mode-3 UE signaling seems unavoidable to ensure proper operation and respect mode-4 V2V transmissions.
Potential mechanisms to reduce resource sharing issues by mode-3 and mode-4 UEs
In order to assist eNB in scheduling of mode-3 transmissions, the mode-3 UEs can collect and report additional information about radio-environment. In particular, mode-3 UE can report the S-RSSI power measurements for the certain time interval (set of resources), e.g. resource selection window. This approach although may provide an improved performance in terms of mode-3 UE scheduling, it is likely to cause significant overhead. In order to reduce overhead, the mode-3 UE can report the set or subset of candidate resources for selection, e.g. resources with received power below certain S-RSSI or PSSCH-RSRP threshold, following principles of the mode-4 sensing and resource selection procedure (see Figure 1). Alternatively, UE can report information about resources that should not be assigned by eNB, e.g. because of detection of high priority transmission on these resources. In this case, UE may be configured to report resources (e.g. set of sub-channels or subframes within certain time window) to provide information about priority of transmission on allocated resources. UE may be configured to monitor and report only certain priority levels under predefined reporting conditions, e.g. the level of priority and corresponding received power contribution.
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Figure 1: UE assistance in mode-3 resource assignment

Observation 2
· Enhanced coexistence of mode-3 and mode-4 transmissions, sharing the same resource pool, seems to be challenging without additional measurements and reporting by mode-3 UEs, given that eNB is fully unaware about mode-4 transmissions.
· In shared resource pool, mode-3 scheduling assignments should respect mode-4 transmissions based on sensing. In order not to violate basic system operation principles, at least priority of mode-4 transmissions should be respected by eNB scheduling.
Proposal 1
· Agree on the principle that mode-4 transmission priority is respected by eNB scheduling of mode-3 UEs.

· For proper sharing of resource pool by mode-3 and mode-4 UEs, discuss support of additional measurements and reporting by mode-3 UEs

· Further discuss minimum set of required measurements and reporting mechanisms (e.g. measurement and reporting of S-RSSI power map, PSSCH-RSRP map, set of candidate resources for selection of pre-configured size, resources occupied by high priority transmissions, priority information, etc.).
Priority of sidelink transmissions is taken into account by Mode-4 UEs as a part of sensing and resource selection procedure. In particular, resource exclusion step takes into account priority of sidelink transmissions and applies specific set of RSRP thresholds to determine whether resource should be excluded from candidate resource set within resource selection window. This step may be sufficient to form candidate resource set for Mode-3 UEs and report it back to eNB. There may be additional simplifications to reduce reporting overhead:
· Reduced resource selection window duration (e.g. constrain it to 20ms);
· Increase granularity of candidate resource for resource selection window processing by Mode-3 UEs (e.g. N sub-channels).
The described above mechanisms may significantly simplify UE reporting overhead. If it is still deemed that reporting overhead is very high then Mode-3 UE can at least inform eNB that scheduled/allocated resource collides with higher priority transmission and/or radio-conditions on granted resources are not appropriate for Mode-3 sidelink transmission.
4 Summary

In this contribution, we have analyzed technical issues of sharing the same resource pool by mode-3 and mode-4 UEs. We noticed many technical challenges in fair share of resources and proposed potential solutions based on additional measurements and reporting. In summary, we believe that this issue require more detail analysis and evaluations. The proposed scenario should not be viewed as a baseline for system operation. Based on the discussion, we have the following proposal to guide further discussion in RAN1 WG on that particular aspect:
Proposal 1

· Agree on the principle that mode-4 transmission priority is respected by eNB scheduling of mode-3 UEs.

· For proper sharing of resource pool by mode-3 and mode-4 UEs, discuss support of additional measurements and reporting by mode-3 UEs

· Further discuss minimum set of required measurements and reporting mechanisms (e.g. measurement and reporting of S-RSSI power map, PSSCH-RSRP map, set of candidate resources for selection of pre-configured size, resources occupied by high priority transmissions, priority information, etc.).
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