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1. Introduction

In the RAN #71 meeting, a new WI “”Support for V2V services based on LTE Sidelink” was approved [1-2]. In accordance to the WI objectives, the RAN4 WG needs to “specify RRM core requirement” and in this contribution we provide our initial views on the RRM impacts.
2. Discussion

2.1 Target V2V Scenarios

In this section we highlight the main V2V operation scenarios that should be considered in the RAN4 RRM work scope.
V2V operation scenarios

Two main V2V operation scenarios are suggested to be considered: 

· Scenario #1: In coverage V2V operation with WAN at 2 GHz band and PC-5 V2V at 6 or 2 GHz band.
· Scenario #2: Standalone V2V operation. Out of eNB coverage and with  PC-5 V2V at 6 GHz band.
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Figure 1. V2V operation scenarios

V2V synchronization scenarios

Three main synchronization scenarios should be considered in the V2V WI RRM scope: 

· GNSS-based synchronization

· eNB-based synchronization

· PC-5 based synchronization 

The following agreements on the synchronization were reached in RAN1 so far [3]:
	GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.

eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V

Priority of GNSS or GNSS-equivalent for other cases needs further study
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Figure 2. V2V Synchronization scenarios
Velocity scenarios

In accordance to the V2V WI objectives the V2V systems “should be able to support a relative speed of up to 500 km/h” [2]. Meantime, for system-level studied lower speed are also considered. Therefore for RRM analysis two main velocity scenarios are suggested:
· High speed propagation (freeway/autobahn)
· Max absolute velocity of [250] km/h

· Max relative velocity of 500 km/h

· Medium speed (Urban/Suburban)
· Max absolute velocity of 50 km/h

· Max relative velocity of 100 km/h

2.2 V2V RRM Impacts

In accordance to the V2V WI work plan RAN4 first needs to “Identify list of RRM core requirements which are impacted by additional considerations for V2V”. 
The V2V Sidelink design is expected to be based on the Rel-12/13 D2D Communication design. Therefore, some of the associated RRM requirements can be reused. However, some of the requirements may need to be adopted for the V2V scenarios and new requirements introduced. 

The RAN1 V2V physical layer design is still far from the completion which complicates identification of the full set of RRM impacts. In our view at current stage the RAN4 should focus on the analysis of the main V2V systems differentiating factors in comparison to the existing LTE SL design including high speed propagation conditions, novel V2V synchronization procedure and also collision avoidance mechanisms.
V2V synchronization procedure

In accordance to the RAN1 WG agreements the PC-5 based V2V systems may use GNSS and eNB signals for the establishment of time/frequency synchronization [3]. In case of eNB controlled operation the eNB may instruct UE to prioritize either eNB or GNSS-based synchronization. In addition, autonoumous sidelink synchronization mechanisms based on SLSS/PSBCH transmissions are expected to be supported in case the GNSS and eNB synchronization sources are not available. For instance it may happen in case of standalone V2V operation, when UE does not detect any cell in any carrier and when the vehicle UE does not receive GNSS or GNSS-equivalent with sufficient reliability. 

This described synchronization procedure is substantially different comparing to the legacy systems relying on the eNB and autonomous sidelink synchronization mechanisms only. So, there are actually 2 key differences: 1) GNSS based synchronization can be used to derive time/frequency and 2) eNB may control the synchronization behaviour and UE needs to follow eNB commands. In addition, certain changes to the SLSS based synchronization procedure are foreseen including increased transmission period which would increase the synchronization delay.
In our view the following general aspects related to the V2V synchronization need to be addressed in RRM discussion:

· UE transmit timing requirements for different synchronization mechanisms

· Synchronization source selection / reselection mechanisms
· RRM requirements to specify correct sync reference selection procedure (GNSS, eNB, PC-5)
· Definition of the GNSS or GNSS-equivalent reliability criteria

· Time / frequency synchronization accuracy for different synchronization mechanisms

· RAN4 needs to assess UE timing accuracy requirements for all 3 mechanism including GNSS synch source which is a new feature for LTE and needs special attention.

· Although the frequency accuracy is mainly in the RF discussion scope, further analysis from the RRM aspects (eNB and PC-5 synchronization accuracy for V2V conditions) is required and outcomes of the respective studies can be provided to the RF.

Proposal #1:
Specify V2V RRM UE transmit timing, synchronization source selection / reselection requirements under assumption of 3 different synchronization mechanisms including GNSS, eNB and PC-5 synchronization. Further study time/frequency synchronization accuracy for different synchronization mechanisms.
High speed propagation conditions

The V2V services are required to be supported for the scenarios with up to 500 km/h relative UE speeds which corresponds to up to 250 km/h single UE speed [2]. Reliable and robust V2V operation under such conditions is required. The RRM requirements should take into account such scenarios. The high speed propagation conditions may have impact on the cellular and PC-5 synchronization and measurements accuracy. For instance, the V2V transmit timing and frequency accuracy can be affected (although frequency synchronization accuracy is in the RF scope, the related performance may need to be considered in the RRM scope as well).

For the in network coverage scenarios UE may be required to derive time/frequency synchronization using eNB signals. The accuracy of timing and frequency estimates using PSS/SSS/CRS may suffer under high speed propagation conditions. The existing RRM timing accuracy test case are introduced mainly under AWGN conditions and may not ensure correct UE implementations. In addition WAN RRM measurements may suffer under such conditions and may need to be further investigated.

When GNSS or eNB synchronization is not available V2V UEs would rely on the autonomous PSBCH/SLSS based synchronization principles. Under high speed conditions the SLSS detection accuracy and PSBCH demodulation performance may also degrade and further analysis needed.

The following aspects related to the high speed propagation conditions need to be addressed in V2V RRM discussion:

· High speed propagation environment impacts on the cellular synchronization and measurements.

· High speed propagation environment impacts on the PC-5 synchronization and measurements.

Proposal #2:
Investigate high speed propagation environment impacts on the existing WAN and PC-5 synchronization and measurements accuracy.
V2V collision avoidance mechanisms
Special mechanisms for the V2V resource allocation and collision avoidance are expected to be introduced in the V2V WI scope. In particular, it is assumed that the resources for UE transmission can be determined based on RX processing. For instance, sensing based collision avoidance schemes are being considered. Different sensing approaches are in the scope of the discussion and may involve receive signal power measurements, decoding of control information and also utilization of geo-information.

In our view, since collision avoidance mechanisms may involve receive signal measurements the corresponding requirements may need to be specified. However, the RAN1 design is not complete and RAN4 should wait till the outcome of the corresponding discussion.
Proposal #3:
Further study potential impacts of V2V sensing mechanisms on the RRM requirements (e.g. introduction of measurements accuracy requirements).

Other RRM impacts
The V2V physical layer design is still in progress and many aspects have not been even discussed yet in RAN1/2. Therefore, the full picture of the V2V RRM impacts is not clear needs further discussion based on the outcome other WGs decisions. For instance, the following RRM impact can be foreseen:
· The details of simultaneous operation of cellular and V2V were not yet agreed and RRM impacts (e.g. WAN interruptions) should be further discussed.
· The V2V operation may be supported over multiple carriers and associated RRM impact may need further study. 
· New V2V measurements may be introduced and associated accuracy requirements may need study.
3. Conclusions

In this contribution, we have provided our views on the V2V RRM impacts. In summary, we make the following proposals:

Proposal #1:
Specify V2V RRM UE transmit timing, synchronization source selection / reselection requirements under assumption of 3 different synchronization mechanisms including GNSS, eNB and PC-5 synchronization. Further study time/frequency synchronization accuracy for different synchronization mechanisms.
Proposal #2:
Investigate high speed propagation environment impacts on the existing WAN and PC-5 synchronization and measurements accuracy.
Proposal #3:
Further study potential impacts of V2V sensing mechanisms on the RRM requirements (e.g. introduction of measurements accuracy requirements).
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