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1 Introduction

In this contribution, we discuss synchronization related aspects for V2V communication [1] focusing on remaining opens according to the RAN1 WG agreements made at the previous meetings and captured in [2]. In particular, we discuss V2V synchronization procedure, signals and assistance information. Our views on other V2V communication aspects are provided in our companion contributions [7]-[14].
2 Synchronization Procedure

At the RAN1 #83 meeting the following agreements were made with respect to V2V synchronization procedure:
The following sync procedure should be supported:

· Priority of synchronization source includes at least transmission timing reference.

· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions

· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon

· FFS: any new priorities can be defined if benefits are shown

· FFS: Definition of SLSS_net, SLSS_oon

· FFS: GNSS or GNSS equivalent priority
· Working assumption: Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of  SLSS_net with in coverage indicator 1

· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB

· FFS: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not

· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1

· FFS: Periodicity of synchronization resource

· FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)

On differentiation of GNSS and GNSS-equivalent solution

One of the FFS aspects that needs to be resolved is whether GNSS or GNSS equivalent have the same or different priorities for synchronization source selection. In our view, there is no need to introduce additional priority if GNSS equivalent has the same or better synchronization characteristics as GNSS. If it is the case then at least from the L1 air-interface perspective, these two solutions can be transparent and left up to UE implementation. Alternatively if GNSS equivalent solution has degraded synchronization performance characteristics, then it seems there is no justification to introduce GNSS equivalent solution, since it will not be “GNSS equivalent”. Therefore we have following proposals:
Proposal 1
· GNSS and GNSS-equivalent (if supported) solutions have the same priority level and are not differentiated at least from the L1 perspective.
· It is up to UE implementation to select GNSS or GNSS equivalent solution if both are available.
· Ask RAN4 WG to discuss possibility to define synchronization requirements for GNSS and GNSS equivalent solutions.

On GNSS prioritization for transmission timing and frequency in case of PC5 V2V communication
According to the previous RAN1 WG agreements, the priority of synchronization source includes at least transmission timing reference. In our view, the priority in terms of frequency synchronization needs to be also discussed. In particular, the GNSS (or equivalent) may have higher priority for frequency synchronization in order to avoid the effect of Uu Doppler shift on PC5 transmission. Therefore, independently of transmission timing priorities for synchronization source selection, the GNSS (or equivalent) may still be prioritized for frequency synchronization.
Proposal 2
· For PC5 transmission, the GNSS (or equivalent) is prioritized for frequency synchronization, independently of other synchronization source priorities configured by network.

On GNSS prioritization for PC5 V2V communication over dedicated V2V carrier

At the previous RAN1 WG meetings, it was agreed that GNSS (or 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 at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V. However synchronization source prioritization was not discussed for the case when eNB is not in the carrier where the vehicle UE operates on PC5 (i.e. dedicated V2V carrier for PC5 operation). In this case, the GNSS may be prioritized as a synchronization reference especially taking into account that V2V carrier may be shared by multiple operators.

Proposal 3
· Prioritize GNSS as a synchronization reference, if eNB is not in the carrier where the vehicle UE operates on PC5.

Synchronization procedure for PC5 V2V operation at Uu carrier (i.e. not dedicated V2V carrier)
As it was agreed at the previous RAN1 WG meetings, eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V.
The motivation behind GNSS prioritization is to reduce timing discontinuity for inter-cell vehicular communication, that may appear when there is a mix of different cell sizes or cells are not synchronized. In addition, prioritization of GNSS allows to avoid timing discontinuity for communication with out of coverage UEs that cannot be synchronized with eNB reception timing by definition. Therefore, the main intention behind instruction to use GNSS is to enable better V2V synchronization performance that also improves V2V communication performance. However in some cases, if GNSS is prioritized then V2V communication may cause the interference for DL reception, assuming that DL reception timing and GNSS transmission timing are not aligned or significantly different. The latter may happen when network is not synchronized to the GNSS or even if network is synchronized to GNSS but the cell size is very large. In this case, the only solution to reduce the impact on DL reception is to follow the eNB reception timing for V2V transmission.
Therefore V2V synchronization can be designed to satisfy one of the following goals:

1) Enable discontinuous V2V synchronization. In this case, the GNSS based synchronization should be given higher priority. This design strategy will improve V2V synchronization and demodulation performance while may degrade cellular performance in the case when network is not synchronized with GNSS or if cell size is very large and network is synchronized with GNSS.
2) Protect DL reception from potential V2V interference. In this case, the eNB based synchronization should be given higher priority than GNSS and the degraded V2V communication performance can be expected. It will also require implementation of more complex UE receiver, since it will need to track multiple timings and receive from multiple sources with substantially different timing. The V2V performance in this case may degrade substantially.
In general, these two goals is challenging to meet simultaneously in some of the deployment scenarios. Therefore different strategies may be considered. Given that for V2V communication, the scenario with synchronized network is more reasonable for V2V services, we assume that enabling discontinuous timing for inter-cell V2V communication makes more practical sense. On the other hand in scenarios, when network is not synchronized with GNSS the operator may want to protect more cellular services and thus prioritization of eNB based timing needs to be also considered. In addition, in case if GNSS is lost the eNB can be used as a fallback synchronization source for V2V communication. Therefore in the next subsections we discuss priority rules for the following two cases.
Case 1: Network is synchronized to GNSS (relationship between eNB TX and GNSS timing is predefined). In this case, eNB may instruct UE to directly use GNSS timing. The necessary time offset between eNB transmission timing and GNSS timing may be indicated by eNB and UE can apply it even if it derives timing directly from GNSS. The following prioritization rules are proposed in this case:
· P1: GNSS (global accurate sync) – beneficial to avoid timing discontinuity when eNB instructs to prioritize GNSS;

· P2: UEGNSS - First hop after GNSS (sync accuracy) – The UEGNSS can be prioritized in case of large coverage cells to avoid large timing discontinuity at cell borders and avoid timing dependency on eNB-UE distance for V2V communication. In general, UEGNSS may be deprioritized for deployments with relatively small coverage (i.e. when propagation delay is well within CP);

· P3: eNB (stationary sync source, GNSS-like accuracy) – The eNB can be ranked with higher priority in case of small coverage cells and should have lower priority for large coverage cells if GNSS is prioritized;

· P4: UEeNB-InC - First hop after eNB - (sync is derived from stationary SS) – This sync source prioritization mainly needed to prevent transmissions from OoC UEs utilizing internal clock for transmission and therefore protect DL reception at cell edge/border (e.g. UE lost GNSS, there is no eNB coverage and UEGNSS).
· P5: UEeNB-OoC - Second hop after eNB (follow Rel.12) – mainly needed to prevent transmissions from OoC UEs utilizing internal clock for transmission and therefore protect DL reception at cell edge/border (e.g. UE lost GNSS and there is no eNB coverage, UEGNSS and UEeNB-InC);

· P6: UEUE-GNSS - Second hop after GNSS (may have better sync accuracy and therefore may be upgraded in terms of priority to the priority level P4). Further analysis is needed to decide if it should have higher priority, e.g. P4. Note that in general transmission of SLSS by in-coverage UEUE-GNSS may be prohibited and enabled only for out of coverage scenarios;
· P7: UEOoC – independent synchronization sources should be given lower priority.
Case 2: Network is not synchronized to GNSS (between eNB TX and GNSS timing is unknown or deviates). In this case, in order to avoid impact on cellular communication from V2V communication the network timing needs to be preserved. This synchronization strategy aims to protect DL reception from V2V interference. However, it will impose timing discontinuity for V2V communication in inter-cell scenarios and in case of communication with out of coverage vehicles. Therefore this strategy may be applicable only in case of asynchronous deployment scenarios. For this case the following prioritization rules can be considered which are consistent with the LTE Rel.12 synchronization procedure (eNB instructs UE to use eNB timing) and add possibility of GNSS based synchronization option for out of coverage operation.
· P1: eNB (follow network timing) – The eNB is prioritized to follow the network timing for transmission;
· P2: First hop after eNB - UEeNB-InC (follow network timing) – mainly needed to prevent transmissions from OoC UEs utilizing internal clock or GNSS for transmission and therefore protect DL reception at cell edge/border;

· P3: Second hop after eNB - UEeNB-OoC (follow network timing) – mainly needed to prevent transmissions from OoC UEs utilizing internal clock or GNSS for transmission and therefore protect DL reception at cell edge/border;

· P4: GNSS (global accurate sync) – beneficial to enable global sync and absolute timing among out of coverage scenarios;

· P5: First hop after GNSS - UEGNSS (sync accuracy) – beneficial to extend global timing in case UE lost GNSS;

· P6: Second hop after GNSS - UEUE-GNSS (accuracy) – beneficial to provide global timing in case UE lost GNSS;

· P7: UEOoC
In our view, current RAN1 WG working assumption that the “priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of SLSS_net with in coverage indicator 1” does not enable any of the discussed above goals in terms of synchronization and eventually leads to appearance of the additional timing for V2V communication and V2V interference given that the priority order of UEGNSS and UEeNB-InC is the same. In order to resolve the above mentioned drawback we have following proposals:
Proposal 4
· Follow prioritization rules described for case 1, if it is allowed to use GNSS timing within network coverage for V2V transmission.
· In this case, synchronization source that directly derives timing from GNSS should have higher priority than synchronization source propagating timing from eNB. Further discussion and analysis is needed with respect to priority of UEUE-GNSS with respect to UEeNB.
· Follow prioritization rules described for case 2, if it is not allowed to use GNSS timing within network coverage for V2V transmission.
· In this case, the priority of GNSS timing for out of coverage UEs may be reconsidered. In particular, GNSS priority may be downgraded with respect to UEeNB-OoC.
3 Synchronization Signals and Channel

The following RAN1 WG agreements were made with respect to synchronization signal and channel design for V2V communication:
SLSS and PSBCH transmission of UE is supported for PC5 based V2V.
· UE capability of SLSS transmission will be discussed later.
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.
· FFS number and location of PSBCH DM RS
· FFS PSSS root index, SLSS ID

· Rel. 12/13 procedure (e.g., sync reference priority) is the starting point.
· FFS PSBCH contents
In this section, we discuss synchronization signals and channel design for V2V communication assuming that the “LTE Rel. 12/13 physical format of SLSS/PSBCH is the starting point”.
On synchronization resource for GNSS timing propagation

In LTE Rel.12, the UE can propagate timing from eNB to facilitate inter-cell communication and/or extend cell synchronization area. With introduction of GNSS as an additional synchronization source the GNSS timing propagation can be considered. The UE deriving timing from GNSS is likely to have more accurate synchronization than standalone UE deriving timing from a local oscillator or from eNB. Therefore, the dedicated synchronization resource needs to be allocated for UEs equipped with GNSS receivers and propagating timing information. In other words, the synchronization resource may be associated with the type of synchronization references.
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Figure 1: Dedicated GNSS synchronization resource

Proposal 5
· Dedicated synchronization resource is used by synchronization sources propagating timing from GNSS (“GNSS (or equivalent) synchronization resource”).

· Synchronization resource is allocated periodically every TGNSS ms (e.g. TGNSS = 40ms)

· Transmission periodicity on GNSS synchronization resource depends on amount of GNSS synchronization hops

· If only single hop GNSS timing propagation is supported, the vehicle transmits every TGNSS ms

· If two hop GNSS timing propagation is supported, the vehicle transmits every 2·TGNSS ms (different time offset indicators are used for 1st hop and 2nd hop GNSS timing propagation)

On PSSS/SSSS for V2V synchronization

Given that new type of GNSS synchronization source is introduced, the new V2V synchronization signals need to be defined for PSSS and SSSS. The study of different physical structures for PSSS/SSSS signals was provided in [15]-[17]. The following alternatives for root indexes can be considered as a candidates for PSSS signal generation: [22;41;11;52; 10;53] or pairwise combinations of root indexes can be used [(10;53);(22;41);(23;40);(11;52);(16;47);(19;44)]. For SSSS, the additional set of 168 sequences may be defined SSSSGNSS with SLSS IDs [336-503].
Proposal 6
· The new PSSS signals are defined for V2V synchronization (GNSS timing propagation). 

· The additional set of 168 sequences is introduced for SSSS (set of SLSS IDs 
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On PSBCH and additional DMRS symbols

The increased DMRS density is considered as one of the options for V2V demodulation. The additional DMRS density increase for PSBCH channel may not be reasonable given that there is already a small number of symbols left to carry data payload (8 symbols out of 14 and 12 are already occupied for the case of normal or extended CP). Adding two more DMRS symbols may leave only a few symbols to carry PSBCH payload (four and two respectively for Normal and Extended CP). This drawback does not need to be addressed if it is decided to adjust LTE numerology and use 30 kHz subcarrier spacing with reduced TTI.
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Figure 2: V2V PSBCH DMRS Allocation

Proposal 7
· Further study possibility to use PSSS/SSSS synchronization signals for PSBCH demodulation and optimal position of DMRS allocation within PSBCH physical structure.
4 Network Assistance for V2V Synchronization

On synchronization assistance information

The different types of network assistance information may be beneficial for V2V synchronization. In ideal scenario, the timing of the network cellular operation (Uu timing) should be aligned with the timing of V2V operation (PC5 timing). However, it may be difficult to mandate this especially in case of different operators and dedicated V2V carrier. Given that GNSS based synchronization (global timing) may not always be available, UEs should be able to acquire timing relationship from eNB in order to know the timing offset at the Uu air-interface with respect to global timing (e.g. UTC) and the timing offset used for operation at the V2V carrier with respect to global timing (e.g. UTC) or Uu air-interface timing.

Proposal 8
· Network provides assistance information on relationship between Uu timing and GNSS timing (or V2X system timing, if it is different from the GNSS or Uu timing).

On Uu based time/frequency offset correction

According to the current requirement on waveform quality, the UE is expected to synchronize to the “actual received frequency” from eNB that may include Doppler shift in case of mobility. If UE applies the actual received frequency (with additional estimation error up to 0.1ppm) for transmission, then Doppler effect at eNB side is doubled. The eNB may measure the frequency offset including Doppler shift and synchronization errors. In case if this offset is too high the eNB may try to correct it by sending frequency offset adjustment commands so that UE applies eNB feedback for transmission. The same mechanism may be applied for vehicular transmission timing. In general these adjustment commands may be used for PC5 or Uu vehicular transmissions.
Proposal 9
· Further study the frequency/timing offset compensation mechanism based on eNB frequency/timing adjustment commands.

In order to further reduce the potential V2V transmission timing discontinuity, the eNB may share its geographical coordinates. It may be beneficial if UE is aware about its own coordinate so that UE can calculate DL propagation delay and adjust transmission timing to align it with other vehicles synchronized with global timing. However, if UE is aware about its own geo-coordinates then it is high probability that it can derive timing from GNSS and therefore it may directly use GNSS for synchronization.
5 Uu Doppler Shift for PC5 Demodulation
The impact of Uu Doppler shift on PC5 communication was discussed in [3]-[5], [14] (see also Annex A). The LS received from RAN4 WG [5] confirmed that: “The UE transmit frequency accuracy is defined relative to the “actual received signal frequency”, which may include additional carrier frequency offset relative to the “absolute” assigned carrier frequency due to Doppler effects on the cellular link and the eNB transmit frequency error (i.e. the Doppler effect and eNB frequency error are not included in the ±0.1 ppm frequency error above).” Therefore RAN1 WG needs to update V2V demodulation assumptions by taking into account the Doppler shift on Uu link, when UE uses eNB as a synchronization source.
Proposal 10
· Update V2V demodulation assumptions, taking into account Uu Doppler aspects, when UE uses eNB as a synchronization source.

6 Conclusions
In this contribution, we provided our views on synchronization related aspects for V2V communication. Based on the discussion and presented analysis, we have following proposals:
Proposal 1
· GNSS and GNSS-equivalent (if supported) solutions have the same priority level and are not differentiated at least from the L1 perspective.

· It is up to UE implementation to select GNSS or GNSS equivalent solution if both are available.

· Ask RAN4 WG to discuss possibility to define synchronization requirements for GNSS and GNSS equivalent solutions.
Proposal 2

· For PC5 transmission, the GNSS (or equivalent) is prioritized for frequency synchronization, independently of other synchronization source priorities configured by network.
Proposal 3

· Prioritize GNSS as a synchronization reference, if eNB is not in the carrier where the vehicle UE operates on PC5.
Proposal 4

· Follow prioritization rules described for case 1, if it is allowed to use GNSS timing within network coverage for V2V transmission.

· In this case, synchronization source that directly derives timing from GNSS should have higher priority than synchronization source propagating timing from eNB. Further discussion and analysis is needed with respect to priority of UEUE-GNSS with respect to UEeNB.

· Follow prioritization rules described for case 2, if it is not allowed to use GNSS timing within network coverage for V2V transmission.
· In this case, the priority of GNSS timing for out of coverage UEs may be reconsidered. In particular, GNSS priority may be downgraded with respect to UEeNB-OoC.
Proposal 5

· Dedicated synchronization resource is used by synchronization sources propagating timing from GNSS (“GNSS (or equivalent) synchronization resource”).

· Synchronization resource is allocated periodically every TGNSS ms (e.g. TGNSS = 40ms)

· Transmission periodicity on GNSS synchronization resource depends on amount of GNSS synchronization hops

· If only single hop GNSS timing propagation is supported, the vehicle transmits every TGNSS ms

· If two hop GNSS timing propagation is supported, the vehicle transmits every 2·TGNSS ms (different time offset indicators are used for 1st hop and 2nd hop GNSS timing propagation)
Proposal 6

· The new PSSS signals are defined for V2V synchronization (GNSS timing propagation). 

· The additional set of 168 sequences is introduced for SSSS (set of SLSS IDs 
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Proposal 7


· Further study possibility to use PSSS/SSSS synchronization signals for PSBCH demodulation and optimal position of DMRS allocation within PSBCH physical structure.
Proposal 8

· Network provides assistance information on relationship between Uu timing and GNSS timing (or V2X system timing, if it is different from the GNSS or Uu timing).
Proposal 9

· Further study the frequency/timing offset compensation mechanism based on eNB frequency/timing adjustment commands.
Proposal 10
· Update V2V demodulation assumptions, taking into account Uu Doppler aspects, when UE uses eNB as a synchronization source.
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Appendix A: Frequency Offset Error Estimates
The frequency offset error caused by Doppler shift relative to eNB depends on whether UE approaches reference eNB or moves away. The Table 1 shows the maximum frequency offset due to Doppler shift for different cars as shown for the deployment illustrated in Figure 3. Please refer to [14] for more technical details on presented below calculation.
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Figure 3: V2V with eNB-based Synchronization in the Freeway Scenario.

Table 1: Frequency Offset due to Downlink/Uplink/Sidelink Doppler Shift

	Link
	Max Doppler Shift
	Doppler frequency, Hz 
6 GHz @ 140 km/h
	Doppler frequency, Hz
6 GHz @ 160 km/h
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In Table 2, we analyze the relative frequency offset seen at the receiver side for different vehicle pairs as shown in Figure 1.

Table 2: Relative frequency offset error for V2V operation when vehicles synchronize with the same eNB

	Link
	FUE_TX_V2V (A)
FUE_RX_V2V (B/C/D/E)
	Upper bound Frequency Offset Error 

@ 6GHz, 280 km/h relative UE speed, 0.05 ppm eNB error

	
	
	UEs synchronize to the same 
eNB
	UEs synchronize to the different eNBs
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