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Introduction
In RAN1 #83meeting, there are some conclusions as following [1]：
· GNSS or GNSS-equivalent is at the highest priority of synchronization source for timing 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 use 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
· Priority of other synchronization source needs further study
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent
· Asynchronous network case should be supported.
The fundamental synchronization scheme has been proposed in [2], and then the detailed synchronization procedure and mechanism are further discussed in accordance with the mentioned conclusions in this contribution.
Discussion
1. 
2. 
2.1. Analysis for synchronization scenarios
1.1.1 PC5 and Uu in different band:
Because four basic Rel. 12/13 scenarios have been investigated with V2V configuration [3], the receiving timing and frequency offset in PC5-based V2V of 6GHz is too large to guarantee the reliability. Even if there is a large timing offset between the PC5 and Uu, the transmission of Uu and PC5 will not interfere with each other to deteriorate the reliability of communications each other.
Without the consideration of interference between PC5 and Uu, it is not necessary for eNB to instruct vehicle UE to use either eNB-based synchronization or GNSS or GNSS-equivalent. 
If UE can receive GNSS or GNSS-equivalent signal successfully in the coverage of eNB, the UE will be regarded as synchronization source. According to the analysis of the timing and frequency accuracy [2], if the eNB receives GNSS or GNSS-equivalent signal successfully, eNB should be the highest priority of synchronization source. 
If the eNB has lost the GNSS or GNSS-equivalent, the timing offset to UTC may be large. When the UE in the coverage of eNB still keep the synchronization with eNB, there will be different synchronization clusters between synchronization with eNB or GNSS or GNSS-equivalent UEs. GNSS or GNSS-equivalent based synchronization can provide global frequency and timing source for the V2V terminal, and reduce the number of synchronization clusters. It is suggested that GNSS or GNSS-equivalent UE will be the highest priority of synchronization source, and eNB will be configured as the same priority as the UE without GNSS or GNSS-equivalent in coverage. 
Proposal 1: If PC5 and Uu in different band, eNB is NOT necessary to instruct vehicle UE to use either eNB-based synchronization or GNSS or GNSS-equivalent. 
Proposal 2: If PC5 and Uu in different bands and the eNB receives GNSS or GNSS-equivalent signal successfully, because of the timing and frequency accuracy, eNB should be the highest priority of synchronization source; otherwise GNSS or GNSS-equivalent UE will be the highest priority of synchronization source.
Proposal 3: If PC5 and Uu in different bands, if the eNB has lost the GNSS or GNSS-equivalent, eNB will be configured as the same priority as the UE without GNSS or GNSS-equivalent in coverage.

1.1.2 PC5 and Uu in same band:
If PC5 and Uu are in same band and same carriers and there is a large timing offset between the PC5 and Uu, the interference will deteriorate the reliability of V2V communications. When PC5 and Uu are in same band but different carriers, the receiving performance will be affected with the in band emission (IBE).
Based on the above unsatisfactory conditions, if eNB instruct vehicle UE to use eNB-based synchronization, GNSS or GNSS-equivalent UE will not be introduce as synchronization source into the coverage. Regardless of whether eNB is synchronized with GNSS or GNSS-equivalent, with the central control network architecture, eNB will be the highest priority of synchronization source.
If eNB decides to instruct vehicle UE to use GNSS or GNSS-equivalent synchronization, GNSS or GNSS-equivalent UEs will be provided as high accuracy synchronization source, but GNSS or GNSS-equivalent UEs are used as assistant synchronization source in coverage. eNB is the highest priority of synchronization source in coverage to provide broader coverage with consistent synchronization and accelerate the synchronization convergence. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: If PC5 and Uu in same band particularly co-channel and adjacent carriers, when eNB instructs vehicle UE to use eNB-based synchronization, GNSS or GNSS-equivalent UE will not be as synchronization source with the coverage. Regardless of whether eNB is synchronized with GNSS or GNSS-equivalent, with the central control network architecture, eNB will be the highest priority of synchronization source.
Proposal 5: If PC5 and Uu in same band, particularly co-channel and adjacent carriers, when eNB instruct vehicle UE to use GNSS or GNSS-equivalent synchronization and eNB is synchronized with GNSS or GNSS-equivalent, eNB is the highest priority of synchronization source in coverage to provide broader coverage with consistent synchronization and accelerate the synchronization convergence. 
Proposal 6: If PC5 and Uu in same band, particularly co-channel and adjacent carriers, when eNB instruct vehicle UE to use GNSS or GNSS-equivalent synchronization and if the eNB has lost the GNSS or GNSS-equivalent, eNB will be configured as the same priority as the UE without GNSS or GNSS-equivalent in coverage.

2.2. Synchronization source priority
1.2. 
1.2.1 GNSS or GNSS-equivalent based synchronization
With the limitation of the total transmission power of PC5 and Uu, the UL synchronization compensation cannot always be provided with enough power [4]. 
If UE cannot compensate the timing and frequency offset, even if UE can receive the downlink pilot from eNB, the synchronization performance will become worse [3]:
· UE is in coverage but in IDLE state, and cannot get the UE and eNB position;
· UEs are at the edge of different size of cells;
Based on the fundamental synchronization scheme [2], the main modifications are list as following:
· eNB may lose the GNSS or GNSS-equivalent, such as in tunnel, the synchronization priority of eNB without GNSS  has to be considered.
· eNB may instruct the uplink synchronization compensation with flexibility [5].
Five different kinds synchronization source priorities are proposed according to different timing and frequency accuracy, and the synchronization source priorities are descended with increasing numbers:  
1) Priority 0: eNB can get the GNSS or GNSS-equivalent signal directly. eNB can assist the synchronization compensation, such as broadcast the downlink pilot with the offset between the eNB and the GNSS, or the positions of the cells of eNB [5].
2) Priority 1: UE can receive GNSS or GNSS-equivalent successfully. Priority 1 UE cannot adjust the timing and frequency based on the signal from other UE and from eNB even in the cellular coverage.
3) Priority 2: There are different kinds of UE for a) and b) respectively: UE in coverage without GNSS or GNSS-equivalent directly; partial coverage UE;
a) eNB shall broadcast the synchronization compensation flag (Sync_compensate_flag) in the message. When UE cannot receive GNSS or GNSS-equivalent successfully and can get the downlink pilot from priority 0 eNB, UE have to read the broadcast message to get the configuration of synchronization compensation. 
i. If eNB decide UE may need not to compensate the timing and frequency offset, such as small cell, eNB will set Sync_compensate_flag = 0, and then UE will enter the synchronization priority 2 directly.  
ii. If eNB command UE to compensate the timing and frequency offset, eNB will set Sync_compensate_flag = 1 and UE will try to compensate the timing and frequency offset according to the methods in [5].  If UE can compensate successfully, the synchronization priority is 2, or else synchronization priority is 3.
b) When UE cannot receive GNSS or GNSS-equivalent successfully and cannot get the downlink pilot from priority 0 eNB, but UE can get the signal from priority 1 UE, the receiving UE will adjust timing and frequency offset with the signal from priority 1 UE. Partial coverage UE in Rel. 12 D2D can be classified into this kind of UE.
c) If UE cannot receive GNSS or GNSS-equivalent successfully, but UE can get the downlink pilot from priority 0 eNB, and UE can get the signal from priority 1 UE. UE will synchronize as process a).
4) Priority 3: 
a) When eNB lose the GNSS or GNSS-equivalent, or eNB cannot provide the position, if the highest synchronization priority 0 is set to eNB, there will be different synchronization clusters of priority 1 UE and priority 0 eNB in coverage of eNB. Thus the eNB has to be set as priority 3 to get the global synchronization.
b) If UE has lost GNSS or GNSS-equivalent and can receive signal of priority 2 UE, the UE has to adjust the timing and frequency offset with the signal of priority 2 UE.
c) If UE has lost GNSS signal and can only receive signal of priority 3 UE,  the receiving frequency and timing offset of UEs are associated with self synchronization algorithm which needs to be discussed further.
d) If UE can’t receive any synchronous signal over certain time, UE will be independent synchronization source.
5) Priority 4: When UE is initialized, the synchronization priority is 4 and a priority 4 timer is started. When the priority 4 timer is overtime, synchronization priority turns into 3. Then UE will process the synchronization level with the receiving signals according to the rules above mentioned.
Figure 1 shows the whole synchronization priority procedure for UE in GNSS or GNSS-equivalent synchronization.

 
[bookmark: _Ref434327401]Figure 1: The synchronization procedure in GNSS or GNSS-equivalent synchronization
In order to explain the synchronization source priority list, the following example shows possible synchronization source priorities in GNSS or GNSS-equivalent synchronization: 


Figure 2: The example of synchronization source priority in GNSS or GNSS-equivalent synchronization

2.3. eNB-based Synchronization
When eNB decides to using eNB-based synchronization, the following aspects have to be focused:
· In order to achieve global synchronization, the synchronization procedure utilizes eNB as central synchronization source for the convergence.
· In the coverage of eNB, because of the potential interference, external synchronization source, such as GNSS or GNSS-equivalent cannot be introduced to provide the synchronization signal.
· Out of the coverage of eNB, high accuracy GNSS or GNSS-equivalent can be used as synchronization source, but cannot violate the eNB-based synchronization with different synchronization clusters.
Six synchronization source priorities are provided for eNB-based synchronization, and the synchronization source priorities are decreased with increasing numbers:  
1) Priority 0: Same as GNSS or GNSS-equivalent synchronization.
2) Priority 1a: UE can receive the downlink pilot from priority 0 eNB, and then UE adjust the timing and frequency offset with the downlink pilot. 
3) Priority 1: UE cannot receive the downlink pilot from priority 0 eNB and the priority 1a SLSS, but UE can receive GNSS or GNSS-equivalent successfully. 
4) Priority 2: UE cannot receive the downlink pilot from priority 0 eNB and the priority 1a SLSS, and UE cannot receive GNSS or GNSS-equivalent successfully, but UE can receive priority 1 SLSS.
5) Priority 3: 
a) UE cannot receive the downlink pilot from priority 0 eNB, but UE can receive the priority 1a SLSS;
b) If UE has lost GNSS or GNSS-equivalent and can receive signal of priority 2 UE, the UE has to adjust the timing and frequency offset with the signal of priority 2 UE.
c) If UE has lost GNSS signal and can only receive signal of priority 3 UE, the receiving frequency and timing offset of UEs are associated with self synchronization algorithm which needs to be discussed further.
d) If UE can’t receive any synchronous signal over certain time, UE will be independent synchronization source.
6) Priority 4: Same as GNSS or GNSS-equivalent synchronization.

Figure 3 shows the whole synchronization procedure that the eNB instruct UE operate in the eNB-based synchronization.

 
[bookmark: _Ref434327587]Figure 3: eNB instruct UE operate in the eNB-based synchronization
Because eNB is used as central synchronization source for the convergence, considering of the interference, UE will follow the eNB downlink pilot to adjust the timing and frequency offset without consideration of GNSS or GNSS-equivalent in coverage.
In RAN #82bis meeting, GNSS or GNSS-equivalent is at the highest priority of synchronization source for timing 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 [1]. If UE in coverage at the cellular edge follows GNSS or GNSS-equivalent UE to adjust, there will be different synchronization clusters. When eNB instruct UE operate in eNB-based synchronization, out of coverage UE having GNSS or GNSS-equivalent has to comply with the SLSS of the in coverage UE.
If out of coverage UE cannot receive any signals from cellular network, with the assistance of GNSS or GNSS-equivalent SLSS, the synchronization convergence and the global synchronization will be achieved.
Because of the more signaling overhead and cumulative error, the priorities of synchronization are not suitable for unlimited expansion. Uplink synchronization compensation can still be applied for the in coverage UE without the classified into different synchronization levels. And the partial coverage UEs are not proposed as independent synchronization level for accuracy [4].

The following example demonstrates a possible synchronization source priority list in eNB-based synchronization: 


Figure 4: The example of synchronization source priority in eNB-based synchronization
2.4. V2P
Pedestrian UE is different from vehicle UE as the synchronization source with the following aspects.
· If pedestrian UE is used as synchronization source, it has to send SLSS periodically. Considering the power saving issues, pedestrian UE is not suitable.
· When pedestrian UE has GNSS module, the accuracy is generally lower than the vehicle UE with the limitation of cost, height of antenna, power saving, maximum transmitting power, etc.
· When pedestrian UE has no GNSS module, the accuracy is lower than with GNSS module. It is in connected state and may be with synchronization level 2, or in IDLE state with synchronization level 3. 
· The speed of vehicle UE is higher than pedestrian UE usually. The neighbouring vehicle UE of pedestrian UE may change rapidly, and then the synchronization performance of pedestrian UE is difficult to stabilize. If the pedestrian UE is used as synchronization source, it will interfere with the neighbouring vehicle UE.
From above analysis, pedestrian UE is not suitable to be utilized as synchronization source. Pedestrian UE can be similar to the vehicle UE without GNSS module, but cannot send the SLSS periodically with the limitation of power saving.
Proposal 7:  Pedestrian UE is not suitable to be utilized as synchronization source, i.e. . Pedestrian UE does not send the SLSS considering power saving.

Conclusion
In this contribution, we propose the synchronization scheme with eNB-based or GNSS or GNSS-equivalent. We made the following proposals.
Proposal 1: If PC5 and Uu in different band, eNB is NOT necessary to instruct vehicle UE to use either eNB-based synchronization or GNSS or GNSS-equivalent. 
Proposal 2: If PC5 and Uu in different bands and the eNB receives GNSS or GNSS-equivalent signal successfully, because of the timing and frequency accuracy, eNB should be the highest priority of synchronization source; otherwise GNSS or GNSS-equivalent UE will be the highest priority of synchronization source.
Proposal 3: If PC5 and Uu in different bands, if the eNB has lost the GNSS or GNSS-equivalent, eNB will be configured as the same priority as the UE without GNSS or GNSS-equivalent in coverage.
Proposal 4: If PC5 and Uu in same band particularly co-channel and adjacent carriers, when eNB instructs vehicle UE to use eNB-based synchronization, GNSS or GNSS-equivalent UE will not be as synchronization source with the coverage. Regardless of whether eNB is synchronized with GNSS or GNSS-equivalent, with the central control network architecture, eNB will be the highest priority of synchronization source.
Proposal 5: If PC5 and Uu in same band, particularly co-channel and adjacent carriers, when eNB instruct vehicle UE to use GNSS or GNSS-equivalent synchronization and eNB is synchronized with GNSS or GNSS-equivalent, eNB is the highest priority of synchronization source in coverage to provide broader coverage with consistent synchronization and accelerate the synchronization convergence. 
Proposal 6: If PC5 and Uu in same band, particularly co-channel and adjacent carriers, when eNB instruct vehicle UE to use GNSS or GNSS-equivalent synchronization and if the eNB has lost the GNSS or GNSS-equivalent, eNB will be configured as the same priority as the UE without GNSS or GNSS-equivalent in coverage.
Proposal 7:  Pedestrian UE is not suitable to be utilized as synchronization source, i.e. . Pedestrian UE does not send the SLSS considering power saving.
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