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1.
Introduction

At RAN4#73 meeting D2D requirements for in-coverage scenario were discussed and agreements were reached. The agreements were captured in CR [1]. A way forward document was also agreed to work on the requirements for ProSe synchronization procedure [2] in future meetings. Thus this contribution discusses synchronization reference selection and re-selection ProSe UE in out of network coverage.
2.
(Re)Synchronization Scenario Description

2.1
Background

Prioritization of synchronization sources have been discussed and agreed in RAN1 and it is presented in decreasing priority order below. 

1. eNBs that meet the Scriterion

2. UEs within network coverage (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

3. UEs out of network coverage transmitting D2DSS from D2DSSue_net (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

4. UEs out of network coverage transmitting D2DSS from D2DSSue_oon (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

5. If none of the above are selected, the UE uses its own internal clock. 

RAN4 needs to define requirements to perform selection and re-selection of synchronization reference for ProSe UEs in out of coverage scenario. These requirements are studied using an example scenario with 3 different UEs as shown in Figure 1. The x-axis in the figure shows the time and point in time where selection- and re-selection of synchronization reference take place. The y-axis shows the measured S-RSRP from the UEs in UE1’s proximity. This figure shows synchronization procedure from UE 1 point of view with respect to two UEs (UE 2 and UE 3) in its proximity. This figure is used in sections below to exemplify the selection and re-selection requirements below. 
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Figure 1: Synchronization procedure from UE1 perspective. In this example it is assumed that all the detected D2DSS in the figure have same priority level according to the agreed synchronization procedure.
3.
Synchronization requirements

UE 1 which is in out of network coverage may perform S-RSRP measurements which is based on D2DSS signal to detect any synchronization source its proximity and it may also perform RSRP which is based on CRS measurements to cellular cells if any cells are detectable. In this example, the UE 1 is unable to detect any cellular cells or any synchronization reference until the time T1. This means that since UE 1 is unable to detect any higher priority synchronization reference in the list of synchronization source presented in section 2, it may synchronize to its own internal clock.

Figure 1 shows that the measured S-RSRP from UE 2 exceeds the Synchronization source (SS) detection threshold. This means at time T1, the PD2SS and SD2SS which is transmitted by UE 2 becomes detectable by UE 1 and UE 1 now re-selects its synchronization reference from its own internal clock to UE 2. 
Similar to existing cell detection requirements defined for legacy LTE UEs, it is our view that RAN4 needs to define requirements on synchronization reference detection. This requirement should specify the time delay it may take for a ProSe UE in out of network coverage to acquire ID of the new synchronization reference at a minimum SINR level. The total delay may also include the time it may take for the OoC UE to perform an L1 measurement on the newly detected synchronization reference. 
· Proposal #1: RAN4 shall define synchronization reference detection delay based on D2DSS for ProSe UE in out of coverage.
· Proposal #2: RAN4 shall define threshold [FFS dBm] (minimum level of received D2DSS) for a synchronization reference to be detectable by a ProSe UE using D2DSS. 

4.
Resynchronization requirements

This section focuses on events that take place after T1, i.e. after UE is synchronized to UE 2. After a certain point in time, D2DSS transmitted by UE 3 becomes detectable by UE 1 (green curve) at time T2. However, the measured S-RSRP from UE 2 is stronger than the measured S-RSRP of UE 3. Thus UE 1 remains synchronized to UE 2.

At time T3, the measured S-RSRP from UE 3 becomes stronger than UE 2. But it is important that UE 1 does not re-select synchronization source immediately to UE 3. This may result in that the UE 1 switches synchronization sources too often which becomes inefficient and such switching of synchronization references may not always be necessary. 

4.1
Resynchronization between SS of same priorities due to higher S-RSRP level
As a way to overcome this problem, the measured S-RSRP is compared to a hysteresis value as shown time T4 in Figure 1. At this point in time, the measured value from UE 3 becomes much greater than the measured S-RSRP of UE 2, i.e. the measured S-RSRP difference is 6-9 dB. Thus UE 1 re-selects its synchronization reference from UE 2 to UE 3 provided that UE 2 and UE 3 have the same priority as discussed in section 2. 
· Proposal #3: A ProSe UE in OoC shall perform re-selection of synchronization reference only if following two conditions (in decreasing priority order) are fulfilled: 
1. SS_Priority_target == SS_Priority_old
2. S-RSRP_target > S-RSRP_current + [6-9]dB
4.2
Resynchronization between SS of different priorities due to higher S-RSRP level
In yet another example, it is assumed that the received S-RSRP from UE 3 becomes much greater than the measured S-RSRP of UE 2. Hence condition 2 from proposal 3 is fulfilled. 

However, UE 2 is assumed to be transmitting D2DSS which is relayed from e.g. an eNB or an in-coverage UE while the D2DSS transmitted by UE 3 is not relayed from any eNB or any in-coverage UE. Hence, condition 1 from proposal 3 is not fulfilled. In this case, UE 1 may remain synchronized to UE 2 because it has higher priority than UE 3 though the measured S-RSRP from UE 3 is stronger. 
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Figure 2:
Figure 2 is used to illustrate the case in which UE 1 loses synchronization to both UE 2 and UE 3 and ends up in being synchronized to its internal clock. 
At time T5, the measured level of S-RSRP from UE 2 becomes stronger than the measured S-RSRP from UE 3. In addition, in order to avoid the so called “ping-pong” effect which results in UE performing unnecessary number of re-selections UE 1 continues to be synchronized to UE 3 til time T6. 
At time T6, the difference between the measured S-RSRP from UE 2 and UE 3 become greater than the hysteresis, i.e. the S-RSRP of UE 3 is [6-9] dB lower than the S-RSRP of UE 2. Hence, condition #2 from proposal #3 is fulfilled.
4.3
Resynchronization between SS of same priorities due to lower S-RSRP level

It is assumed that D2DSS received from UE 2 and UE 3 are relayed D2DSS from other in-coverage synchronization sources. This means UE 2 and UE 3 have the same priorities according to RAN1 agreements [3]. Thus condition #1 in proposal #3 is fulfilled. Hence, UE 1 performs a re-selection of synchronization reference from UE 3 to UE 2. 
4.4
Resynchronization between SS of different priorities due to lower S-RSRP level

In another example, it is assumed that UE 2 has lower priority than UE 3 which is synchronized to its own internal clock while UE 3 is synchronized to another out-of-coverage synchronization source. At time T6 wherein condition #2 in proposal #3 is fulfilled. However, due to that UE 2 has lower priority than UE 3, condition #1 in proposal #3 is not fulfilled. Hence, UE 1 shall keep UE 2 as its synchronization source.
Finally, at time T7, the measured level of S-RSRP from UE 2 becomes too low and UE 2 is not detectable anymore. Thus UE 1 uses its own internal clock as synchronization reference. 

4.
Conclusions
In this contribution we have studied ProSe UE synchronization source selection and re-selection using using an example scenario. We have identified the need for RAN4 to define requirements for D2DSS based synchronization source. The main proposals are as follows

The proposal from contribution is as follows:
· Proposal #1: RAN4 shall define synchronization reference detection delay requirement based on D2DSS for ProSe UE in out of coverage.

· Proposal #2: RAN4 shall define threshold [x dBm] (minimum level of received D2DSS) for a synchronization reference to be detectable by a ProSe UE using D2DSS. 
· Proposal #3: A ProSe UE in OoC shall perform re-selection of synchronization reference only if following two conditions (in decreasing priority order) are fulfilled: 
3. SS_Priority_target >= SS_Priority_old
4. S-RSRP_target > S-RSRP_current + [6-9]dB
5.
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