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1. Introduction
In 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”. In the previous RAN4 meetings a number of agreements on the RRM were made:

	RAN4 #78bis [3]

· V2V synchronization (including GNSS-based, eNB-based and PC-5 based) should be considered for RRM requirements.
· High speed of vehicle should be considered for RRM core requirements.
· Other RRM core requirements can be considered according to decision of RAN1/2 specification.
RAN4 #79 [4]

· ProSe UE transmission timing

· eNB as time reference

· TE : Existing requirement can be reused

· GNSS as time reference

· Requirements for timing misalignment between GNSS based and eNB based timing should be discussed after RAN1 decision

· TE = +/- 12Ts
· SyncRef UE as time reference: 

· FFS

· Selection/Reselection of ProSe Sync. Reference

· To GNSS

· FFS
· To SyncRef UE

· Need to evaluate with new DMRS under moderate & high speed

· Encourage companies to provide simulation results in RAN4#80 

· Initiation/Cease of SLSS transmission

· eNB based SLSS

· Enhancement of DRX RSRP measurement requirements for V2V is de-prioritized
· GNSS based SLSS

· It should be discussed after RAN1 decision
· SyncRef based SLSS

· Need to evaluate with new DMRS under moderate & high speed

· Encourage companies to provide simulation results in RAN4#80 
· Measurements for ProSe in Any Cell Selection State

· Cell detection

· Consider to update cell detection time due to high speed based on analysis
· Interruption

· Encourage companies to study on interruption impact due to V2V UE TX capability
· Measurement of congestion control & collision avoidance

· Shall be discussed based on RAN1 agreement  


In this contribution we provide our further views on the RRM impacts with the emphasis on the V2V synchronization aspects.
2. Discussion

In this paper we provide views on the following RRM aspects of LTE V2V communication:
· Selection/Reselection of V2V synchronization source (GNSS, SLSS)
· V2V S-RSRP measurements requirements

· V2V interruption requirements

· V2V measurements for congestion control and collision avoidance

2.1 GNSS synchronization source selection/reselection

There are several questions related to the GNSS synchronization source selection / reselection procedures which should be decided by RAN4.
GNSS selection criteria

In accordance to the RAN1 WG agreements UE should use GNSS as the synchronization source under assumptions that it has “sufficient reliability”. So, the general expectation is that device should estimate the quality of the GNSS signals and in case of unreliable GNSS signal, it should fallback to other synchronization mechanisms (e.g. in dense urban environments or in tunnels). At the same time, the “GNSS reliability” term for the LTE systems is so far undefined. 
In our view the following approaches can be considered for this: 

1) Implementation-specific criteria: In this case GNSS synchronization source selection/reselection can be completely left up to UE implementation. The drawback of this approach is that it may be not possible to guarantee consistent network behaviour as different UEs from different vendors may apply different criteria.

2) Standard-specific criteria: Such approach may be beneficial in terms of the overall system robustness as common requirements and procedures will be introduced for all V2V devices. One possible way could be to introduce a specific parameter to characterize the GNSS signal reliability, which may be provided by the GNSS reference source such that UE can make a decision on the synchronization source reliability. The RRM specification may introduce specific requirements for the GNSS reliability metric (i.e. threshold) which can be used to trigger synchronization source selection / reselection procedures. One simple approach to introduce the requirements in terms of the GNSS reference timing and frequency accuracy. In that case UE may consider the GNSS synchronization source as reliable in case it can satisfy the timing accuracy (12Ts) and frequency accuracy (0.1ppm) requirements. This approach would require UE to obtain estimates of the GNSS synchronization reference signal time/frequency accuracy from the GNSS source in order to make the corresponding decision.
Proposal #1:
GNSS synchronization source is considered to have sufficient reliability in case it allows UE to satisfy the timing and frequency accuracy requirements. UE is expected to obtain estimates of the GNSS synchronization signal timing and frequency accuracy.
GNSS detection time requirements

The GNSS implementation is out of scope of the 3GPP specification and hence no requirements in terms of the GNSS detection time (delay) should be specified.
GNSS synchronization source reselection evaluation period 
Another aspect is the procedure which UE should follow to make the decision on the GNSS synchronization source selection / reselection. In order to avoid fast changes of the synchronization sources to/from GNSS a specific evaluation filtering period may be considered. For instance, UE may trigger the synchronization source reselection if GNSS signal is estimated to be reliable / unreliable during a certain period of time. It may be also possible to set specific constraints on how often UE can change the synchronization source to/from GNSS.
Proposal #2:
Study mechanisms to prevent fast changes to/from GNSS synchronization source.
2.2 SLSS synchronization source selection / reselection
RAN1 discussion on the priorities for different synchronization sources is still ongoing. The final decisions are yet to be made. However, similar to D2D under certain conditions UE may be required to use SLSS synchronization (i.e. synchronization from other UEs). For instance, it may happen when other higher priority synchronization sources are unreliable or unavailable (e.g. OOC scenario).
In order to perform SLSS synchronization source selection/reselection, UE needs to perform SLSS detection and PSBCH decoding. Comparing to the Rel-12/13 design one important change is that the period of SLSS transmission is changed from 40ms to 200ms. The main motivation to increase the period is to avoid overhead due to SLSS transmissions (no data is transmitted in those subframes). It is also assumed in RAN1 that overall SLSS synchronization procedure has low priority (“Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.”) and most likely this mechanism will be used as a fallback in case other synchronization sources are unavailable.

The RAN4 requirements for the SLSS synchronization source selection / reselection in the OOC scenario are defined as follows:
	The UE shall be able to identify newly detectable SyncRef UE within Tdetect,SyncRef UE seconds … 

Tdetect,SyncRef UE is defined as 20 seconds at SCH Es/Iot ≥ -4 dB, provided that the ProSe UE is allowed to drop a maximum of 2% of its ProSe Direct Communication and ProSe Direct Discovery transmissions at the physical layer for the purpose of SyncRef UE selection / reselection


Hence the current requirements are defined for the 20 sec period with allowed 2% drop rate which corresponds to 40ms duration or equivalently 10 SLSS / PSBCH retransmissions which can be used for estimation. The Rel-14 V2V has certain specifics in terms of SLSS detection which may affect the requirements definition:
· The period of SLSS / PSBCH transmissions is increased in 5 times from 40ms to 200ms leading to increased SLSS evaluation period. So, the basic approach would be to scale the requirements accordingly (e.g. 100 sec) or increase the possible drop rate (up to 10%) keeping the constant delay requirements. Alternatively, UE may be required to accomplish synchronization under a few SLSS transmissions.
· The V2V systems may operate on the 6GHz carrier frequency. In order to maintain same resolution in terms of possible TX / RX signal frequency errors the frequency scanning range may need to be increased leading to the increased scanning time. Alternatively, UE may keep the same scanning time at the cost of possible reduction of the frequency scanning range. For instance, it may lead to situations when it may be difficult to perform detection of the independent SLSS synchronization sources (which are expected to have high frequency errors).
· For the high speed conditions the reliability of SLSS detection is expected to degrade and SLSS detection may require more time. 

· For the high speed conditions the 20 sec detection period would correspond to the 330m distance change between UEs for the 60 km/h relative speed and 1.5 km for 280 km/h relative UE speed. So, it may likely happen that during the synchronization procedure the distance between the UEs would increase a lot leading to the receive signal power degradation and thus miss synchronization may not be achieved.
Proposal #3:
Further investigate the SLSS detection requirements taking into account increased SLSS period, increased frequency range, and high mobility conditions.
2.3 V2V S-RSRP measurements requirements
The Rel-14 V2V S-RSRP measurements have a number of differences comparing to the legacy ProSe S-RSRP:

· V2V PSBCH transmissions have 3 DMRS symbols instead for 2 DMRS for D2D PSBCH

· V2V PSBCH periodicity is increased from 40ms to 200ms (note: this is RAN1 working assumption, TBC)
· V2V operation should be robust under high speed propagation conditions
In the companion paper [5] we provide results of the analysis of the S-RSRP measurements accuracy for the V2V propagation conditions and make the following observations:
· The following S-RSRP accuracy is achieved

· 200ms measurement period: 2.4dB
· 400ms measurement period: 1.9dB
· 600ms measurement period: 1.8dB
· The V2V S-RSRP measurement accuracy requirements (±4.5 dB) can be satisfied under assumption of 200ms L1 measurement period.
Based on the results of this analysis we propose to use 400ms L1 measurement period for S-RSRP and also reuse the legacy S-RSRP accuracy requirements (±4.5 dB).
Proposal #4:
Use 400ms L1 measurement period for V2V S-RSRP (under assumption that PSBCH period is 200ms). Reuse D2D S-RSRP measurement accuracy requirements for V2V S-RSRP.
2.4 V2V interruption requirements
In our view, the following interruption requirements may need to be considered for LTE V2V:

1) Interruptions for V2V (re)configuration. Similarly to the D2D case, for V2V communication UE can be allowed to turn on/off transmit and receive chains and interrupt WAN operation during the initiation or termination of the V2V operation. The respective operations are expected to be triggered by the corresponding RRC signalling. Similarly to the D2D requirements, it is suggested that UE may interrupt the PCell and activated SCells downlink and uplink operation for up to 1 subframe. The same interruption requirement should be extended for ProSe operation case.

2) Interruptions due to V2V TX. Based on RAN1 agreements the V2V TX operation can be prioritized over WAN TX. Furthermore, it is expected that this prioritization may be controlled by the eNB. 
	· SL TX for V2V can be prioritized over WAN TX 

· FFS the details (e.g., applicability to Mode 1 and/or Mode 2, etc), especially whether existing D2D mechanism can be reused,

· The prioritization is manageable by eNB. Details FFS.


RAN1 discussion on the exact mechanism to introduce V2V TX prioritization is still ongoing. The corresponding V2V requirements should be introduced after RAN1 decisions are made.

3) Interruptions due to V2V RX. In accordance to the RAN1 agreements UE is expected to have a dedicated RX chain for V2V reception:

	· The same receiver capability of D2D communication UEs is assumed for V2V UEs. That is, a Rx chain is available at all time to receive V2V signals without affecting WAN reception (from RAN1 perspective) when the UE is configured to receive V2V


Therefore, no related interruptions due to V2V RX should be defined.

4) Interruptions for synchronization source selection/reselection: The change of the synchronization source reference to/from the GNSS may also require certain interruption of the UE operation due to additional TX/RX chain parameters adjustment during the retuning process. This type of interruption is new to RAN4 and therefore additional studies may be required in order to identify if the interruption need to be specified.
Proposal #5:
Specify WAN and ProSe interruption requirements due to V2V (re)configuration. Further discuss the WAN interruptions due to V2V TX based on RAN1 agreements. Study additional interruptions due to synchronization source selection/reselection are needed.
2.5 V2V measurements for congestion control and collision avoidance

In accordance to the last meeting agreements the measurements of congestion control (CC) and collision avoidance (CA) should be discussed based on RAN1 agreement. No further progress was achieved so far in RAN1 and, hence, the detailed RAN4 discussion should be postponed to a later stage. Meantime, below we provide our expectations on the RAN1 design in order to identify the key directions of RAN4 work once the design is agreed:
· For collision avoidance mechanisms UE may be required to perform two types of measurements:
· RSRP-like measurements on the PSCCH and/or PSSCH DMRS for the resources occupied by the V2V transmissions (which can be derived from PSCCH decoding). This type of measurements is rather similar to the existing S-RSRP and SD-RSRP measurements as all types of measurements are conducted on the DMRS. One of the differentiating factors is that to perform measurements UE is supposed to perform PSCCH decoding which would have impact on the minimum SNR point to conduct the measurements.
· RSSI-like measurements on the remaining PSSCH time/frequency resources. The main difference comparing to the existing RSSI definition is that the measurements should be frequency-selective.

· For the congestion control UE may be also be required to perform certain measurements of the receive signals. The measurements may also involve frequency-selective RSSI-like measurements.
· RAN4 may be required to introduce measurements accuracy requirements for all the measurements mentioned above. In addition, RAN4 may need to introduce requirements in order to ensure that UE does follow the agreed collision avoidance mechanism during the V2V transmissions.
Proposal #6:
Once RAN1 decisions are made, RAN4 needs to define the requirements for CA mechanism and for CA and CC measurements (RSRP and RSSI).
3. Conclusions

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

Proposal #1:
GNSS synchronization source is considered to have sufficient reliability in case it allows UE to satisfy the timing and frequency accuracy requirements. UE is expected to obtain estimates of the GNSS synchronization signal timing and frequency accuracy.
Proposal #2:
Study mechanisms to prevent fast changes to/from GNSS synchronization source.
Proposal #3:
Further investigate the SLSS detection requirements taking into account increased SLSS period, increased frequency range, and high mobility conditions.
Proposal #4:
Use 400ms L1 measurement period for V2V S-RSRP. Reuse D2D S-RSRP measurement accuracy requirements for V2V S-RSRP.
Proposal #5:
Specify WAN and ProSe interruption requirements due to V2V (re)configuration. Further discuss the WAN interruptions due to V2V TX based on RAN1 agreements. Study additional interruptions due to synchronization source selection/reselection are needed.
Proposal #6:
Once RAN1 decisions are made, RAN4 needs to define the requirements for CA mechanism and for CA and CC measurements (RSRP and RSSI).
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