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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 last RAN4 meeting initial discussion on the RRM aspects took place and the following was agreed [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.


In this contribution we provide our further views on the RRM impacts with the emphasis on the V2V synchronization aspects.
2. V2V Synchronization Impacts
The V2V synchronization is one of the key enhancements introduced in the scope of the Rel-14 V2V WI. In particular, three main synchronization scenarios are considered in the V2V WI scope (see Figure 1): 

· GNSS-based synchronization

· eNB-based synchronization

· PC-5 based synchronization 
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Figure 1. V2V synchronization scenarios

The following agreements on the synchronization were reached in RAN1 so far [4]:

	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


In general, the synchronization procedure has direct impacts on the UE transmit/receive timing and frequency accuracy. Usually the transmit timing is considered to be in the RRM discussion scope. The transmit frequency accuracy requirements is mainly in the RF discussion scope. Same time in the RRM/Demod discussions the frequency error models needs to be defined as well in order to specify realistic propagation conditions. In our view, in application to the V2V systems the questions of time/frequency accuracy requirements are rather strongly coupled and may need to be considered jointly and RAN4 needs to define both requirements for all 3 possible synchronization scenarios.
Proposal #1:
RAN4 needs to define V2V transmit timing and frequency accuracy requirements for the case of using GNSS, eNB and PC-5 based synchronization.
2.1 GNSS based synchronization

In case of GNSS based synchronization rather good time and frequency accuracy can be achieved. In particular, in case of presence of reliable GNSS signal the time/frequency accuracy characteristics for the practical V2V devices with the GNSS support are expected to be better than the existing LTE requirements defined for the case of eNB-based synchronization. Therefore, existing synchronization requirements can be reused.
Proposal #2:
Specify the following GNSS based synchronization requirements:

· Frequency accuracy: ±0.1 ppm 

· Transmit timing accuracy: ±12Ts

In accordance to the RAN1 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 the LTE based synchronization mechanisms (e.g. in dense urban environments or in tunnels). At the same time the “GNSS reliability” for the LTE systems is so far undefined. In our view there are two possible approaches: 
1) Define specific criteria to fallback from GNSS synchronization source to the LTE synchronization.

2) Leave fallback and synchronization source selection up to UE implementation. 
In our view, the first approach may be beneficial in terms of the overall system robustness as certain requirements and common procedures will be introduced for all V2V devices. So, RAN4 should continue work and consider to study possibility of introduction of the criteria for the GNSS/LTE synchronization source selection.

Proposal #3:
Further discuss criteria and mechanisms for the GNSS/LTE synchronization source selection
2.2 eNB based synchronization

Another possible synchronization scenario is when the timing and frequency references are derived from the eNB PSS/SSS/CRS signals. Comparing to the legacy LTE WAN systems, the LTE V2V systems are expected to be used in the high speed conditions and are also based on the direct SL communication. Therefore, the legacy synchronization requirements and procedures may need to be revisited.
The existing synchronization accuracy requirements are defined mainly under the AWGN assumptions and indeed the measurements accuracy is not sufficiently tested. In particular, under the extremely high speed NLOS propagation conditions the tracking loop accuracy may degrade and may need to be further studied for both timing and frequency accuracy. For instance, the synchronization accuracy for the ETU 500Hz channel condition should be confirmed.
In case of the high speed LOS propagation conditions, the timing estimation accuracy is expected to have sufficient accuracy and be similar to the legacy LTE systems (i.e. 12 TS). Meantime, the frequency estimation is expected to be biased comparing to the actual eNB transmit frequency due Doppler shift effects (rather than oscillator inaccuracy). The legacy transmit frequency requirements are defined with respect to the received waveform carrier frequency which is actually already biased. Therefore both V2V transmitter and receiver frequency would include additional errors which depend on the Doppler shift on the Uu links as well as eNB transmit frequency accuracy. The issue was already previously addressed in RAN4 and detailed analysis of the potential frequency errors is provided in the Annex A. Assuming that UEs use the eNB based frequency reference for the high speed the resulting CFO on the V2V links can reach up to 7.4 kHz for the 500km/h relative UE speed. In general, we see two potential approaches on how to address such high CFOs:
· Option 1: UE implementation. Reuse the legacy frequency accuracy requirements and leave the problem of CFO handling solely to the baseband side. In this case certain performance loss due to high CFO can be observed.
· Option 2: Network assistance. In case the UE has high CFO it can be estimated at the eNB side using UL signals (similar to the BS frequency pre-compensation solution considered in the HST SI). The LTE networks may take benefit of this information available at the eNB side. In particular, the eNB may provide assistance and inform UE on the CFO (e.g. inform on the required CFO adjustment). Such approach would allow avoiding high CFO errors for V2V communication in case of high speed propagation conditions and expected to have limited impacts on the UE implementation.

Proposal #4:
Further discuss potential approaches to handle the high CFO issue for the eNB based synchronization
2.3 SL based synchronization

In addition SL based synchronization can be used for V2V communication when GNSS and eNB are not available and UE derives synchronization from the neighbouring UEs which have reliable synchronization source. 
The existing synchronization requirements for SL sources are defined in application to low mobility scenarios and the accuracy may need to be reassessed for the high speed propagations conditions. In particular, we suggest to verify the synchronization accuracy for the two possible scenarios:

· Scenario #1: High speed single link propagation – ETU 500Hz channel, single SLSS source. 

· Scenario #2: High speed SFN propagation – Two SLSS synchronization sources which derive the synchronization from GNSS transmit SLSS and PSBCH in SFN manner. At the receiver side the signals from the two sources have opposite Doppler shifts. Such propagation conditions may be rather typical for the tunnel environments when the UE may not have GNSS or eNB based synchronization and derives the synchronization from UEs located at the tunnel boundaries.

Proposal #5:
Further study SL based synchronization accuracy for the High speed single link and SFN propagation scenarios.
3. V2V RRM Impacts

The RAN1 work on the V2V physical layer design is still in progress and many aspects have not been finalized yet. Therefore, the full picture of the V2V RRM impacts is not clear and needs further discussion based on the outcome other WGs decisions. So far, the following RRM impact can be foreseen:

· Transmission timing requirements: As mentioned in Section 2, the requirements for the GNSS, eNB, and SL based synchronization scenarios should be defined.

· Synchronization source selection / reselection: The RAN1 discussion on the priorities of different synchronization sources is still in progress. Subject to the outcome of this discussion, RAN4 may need to introduce requirements for the selection / reselection of synchronization sources. In addition, as mentioned in Section 2, RAN4 needs to study the criteria for the GNSS/LTE synchronization source selection.
· Initiation/Cease of SLSS transmissions: New requirements for the initiation/cease of SLSS transmission may need to be defined. To the best of our knowledge this topic is still under RAN1 discussion and hence RAN4 discussion should be postponed.
· S-RSRP measurements requirements: Rel-12 S-RSRP accuracy requirements do not consider high speed propagation conditions. In addition, the V2V PSBCH design is expected to be modified comparing to the Rel-12/13 SL design (e.g. 3 DMRS can be used instead of 2) and the accuracy may be affected.
· V2V sensing measurements: 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.

· WAN interruptions: RAN1 has agreed the “SL TX for V2V can be prioritized over WAN TX”. In our view for Rel-14 V2V the DL WAN interruption requirements should sane as in Rel-12/13 D2D-C (i.e. interruption during SL reconfiguration). Meantime, UE should be allowed to interrupt UL WAN operation.
4. Conclusions

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

Proposal #1:
RAN4 needs to define V2V transmit timing and frequency accuracy requirements for the case of using GNSS, eNB and PC-5 based synchronization.
Proposal #2:
Specify the following GNSS based synchronization requirements:

· Frequency accuracy: ±0.1 ppm 

· Transmit timing accuracy: ±12Ts

Proposal #3:
Further study criteria and mechanisms for the GNSS/LTE synchronization source selection
Proposal #4:
Further discuss potential approaches to handle the high CFO issue for the eNB based synchronization
Proposal #5:
Further study SL based synchronization accuracy for the High speed single link and SFN propagation scenarios.
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Annex A: eNB based synchronization V2V CFO Model

Below we describe the main sources of frequency synchronization errors in case of eNB based synchronization. To simplify description and analyze the worst case scenario in terms of the overall frequency error we consider the case when a vehicle synchronizes to an eNB in a freeway scenario assuming LOS propagation condition to capture the maximum impact from the Doppler shift relative to the eNB (see Figure 2).
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Figure 2: V2V with eNB-based Synchronization in the Freeway Scenario.
eNB-to-Vehicle Link (Frequency Offset Model in DL)

When eNB is used for V2V system synchronization the following factors affect the TX frequency accuracy at the UE vehicle side:

· eNB transmit signal frequency offset relative to absolute carrier frequency 
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 which can be assumed equal to ±0.05 ppm for Macro cell and ±0.1 ppm for small cells; 
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· Receive signal frequency offset due to Doppler shift relative to the eNB transmit frequency 
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 (where v is the UE speed relative to the eNB). In the general case, it may not be assumed that UE is capable to dynamically track the Doppler shift during the synchronization and, hence, the respective errors need to be taken into consideration.

· Residual frequency offset estimation error at the UE side
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 relative to the “actual received frequency” 
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. For the legacy systems
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 is typically assumed to be ±0.1 ppm.
It should be noted that UE may have an initial frequency offset (e.g. up to ±10 ppm), however, it is assumed to be pre-compensated during the cell search procedure and is not considered in the current frequency error model.

So, in case of using eNB signals for frequency synchronization, the vehicle UE TX frequency is equal to 
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 for TDD mode. For FDD mode, the UL TX frequency is derived similarly using additional DL/UL frequency offset scaling. 

For the case of 6 GHz frequency and 250 km/h vehicular speed the maximum UE transmit frequency error relative to the absolute frequency is ~2.3 kHz for the 0.05ppm eNB frequency error.
Vehicle-to-Vehicle Link (Frequency Offset Model in SL)

For V2V communication, the frequency offset errors observed at the receiving UE depend on the following factors:

· DL frequency offset synchronization errors for each UE as described above.

· Receive signal frequency offset due to Doppler shift relative to the UE (vehicle) transmit frequency 
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 (where v1 and v2 are the UE speeds).

The overall vehicle-to-vehicle frequency offset including DL synchronization errors and Doppler shift effects is described by the following equation for the case of transmission from UE A to B:
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In case if two vehicles synchronize to the same cell (e.g. eNB#1), the term 
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 is the same and, thus, it is eliminated:
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Assuming the same magnitude of UE #A and #B speeds, the 
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 and 
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. So, the upper bound on frequency offset error at the receiver can be estimated as follows:
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For the case of 6 GHz frequency, 250 km/h vehicular speed, 500 km/h relative vehicular speed the maximum frequency error at the receiver side relative the absolute frequency for the vehicle-to-vehicle link is ~6.8 kHz for the case UEs synchronize to the same eNB. In case UEs synchronize to different eNBs the error can be up to ~7.4 kHz for the 0.05 ppm eNB frequency error.
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