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1 Introduction
Rel-12 D2D Discovery is only allowed for operation on its primary carrier. Now in Rel-13 discussions are going on to extend its applicability to also non-serving carrier. This topic discussed at last RAN4#76bis meeting and it was a common understanding in the group that gaps are necessary for synchronization purpose. Different options related to gaps were identified and a LS response [1] was sent to RAN2. 
In this paper we provide further discussions based on latest gaps agreements by RAN2 and how that affects the RAN4 work on requirements. 
2 Discussions 
At last meeting RAN4 discussed overheads associated with gaps in [1]. In brief, it was agreed that the gaps overhead shall comprise the following:
· Retuning of Tx/Rx chains (or turning ON/OFF of a spare chain)

· Synchronization overhead

· Subframe offset

The discussions resulted in aligned view among the companies on the retuning and subframe offset. However, companies had different views on the durations of synchronization overhead and how its frequency. Two options were identified for synchronization purpose as follows:
	2. Synchronization overhead

a. When Discovery is on serving cell (PCell/activated SCell), additional synchronization is not required.

b. When Discovery is on non-serving cell and uses non-serving cell for synchronization, 

i. Synchronization overhead of up to 20ms can be required prior to discovery subframes, if the non-serving cell used for discovery synchronization is known to the UE.

ii. Synchronization overhead of up to FFS(ms) can be required if the non-serving cell used for synchronization is unknown to the UE and the UE is able to detect the non-serving cell in the first attempt. 

For identification of unknown cell on the discovery synchronization carrier, RAN4 is discussing if some procedure can be used for discovery synchronization cell identification (e.g., using measurement gaps if configured, or performing cell identification over multiple discovery periods assuming low mobility conditions).


The purpose of synchronization overhead allow some time for the UE to first detect a cell (target cell) and then synchronize its receiver and transmitter to that cell on the non-serving carrier to be able to operate on that carrier. This scenario is illustrated in Figure 1 in which UE intends to operate ProSe on a carrier which is different than its primary carrier, F1. The non-serving carrier, F2, can also belong to the same or different PLMN as shown in this figure. The same need for synchronization apply in both cases. 
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Figure 1: An example of ProSe operation in a non-serving carrier. 
The non-serving carrier is indicated by the serving eNodeB. In addition the UE may also need to perform some measurement on that carrier to adjust its power control mechanism. 
The time required for perform the synchronization on the non-serving cell on the non-serving carrier may depend also depend on whether the cell is already known at the UE or if it unknown. Below we go through both cases and discuss how synchronization overhead is affected. 

2.1 Target cell is known
If the target cell is already known to the UE, UE may already be synchronized to that cell. It knows the timing of that cell and it is able to transmit and receive from that cell. The serving eNodeB may look at the received measurement reports from that UE and if any valid measurements (e.g. neighbour cell RSRP measurement) have been reported for that target cell it may assume that the target cell is known. For example, if the last measurement was received very recently then the UE may not have to synchronize to that cell. But if the last measurement report is relatively old, then it may have to synchronize to that non-serving cell. However, some of the old configurations may still be applicable or in some cases, the UE may still remember some of its old configurations. 
For this case, it was proposed in [2] that the cell search is done as background process that takes place over multiple discovery periods. After the cell is detected, the UE has to synchronize its transmitter and receiver on the time- and frequency domain. For this purpose the UE has to measure on the downlink subframes in order to adjust its time- and frequency loops, allow time for AGC settling, time- and frequency traBcking loops etc. In [2], this scenario was compared to an inter-frequency handover to a known cell and thereby it was proposed that at least 20 ms is needed before the every discovery period. This approach may have a severe impact on the WAN performance as it will rquire 20 ms gaps on a periodic basis prior to every discovery period as illustrated in Figure 1. 
The main disadvantage of this way of configuring gap is that it occurs on periodically and frequently, and it may not always be necessary either. For example, in some cases the UE may remember the synchronization parameters from earlier and those may still be valid if it has not been long time since it was synchronized to the same cell. In such cases, it is unnecessary to assign gaps every time prior to the actual ProSe subframes. The UE cannot be scheduled on the WAN during such periodic gaps and this may also degrade overall performance (WAN and D2D) if the gaps are not always necessary. 
The periodicity of D2D Discovery can vary and it is a configurable parameter. The minimum Discovery periodicity is 320 ms. For this periodicity, allowing additional 20 ms prior to each Discovery subframes is a significant overhead. This should be definitely avoided if synchronization procedure can be improved by other means. It is also notable that RAN1 has recently agreed on allowing even shorter Discovery periodicity for PS discovery resource pool. The overhead impact, in this case, will be much greater if the same periodicities are to be used for operation on non-serving carrier. 
· Observation #1: Additional overhead for synchronization has significant impact on WAN performance. 
If the transmitter or receiver are to be reused from WAN to D2D in order to operate on a non-serving carrier, this basically means that the scheduling opportunities of this particular UE is reduced by 20 subframes in addition to the subframes necessary for the cell search and actual D2D Discovery subframes. 
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Figure 2: Synchronization as background process for non-serving carrier operation
2.2 Target cell is unknown
There are different ways to find out whether the target cell is known to the UE. For example, UE or serving eNodeB could check whether any measurement has been reported on that target cell by this UE. If such report exists, the next step would be to check the validity of such report. If the measurement report is older than a certain time, then it can be concluded that the UE this target cell is no longer known to the UE. In this case, a longer gap could be needed at the beginning prior to the Discovery subframes for synchronization purpose. This is illustrated in Figure 2. 
With this approach of configuring the UE with a longer gap prior to the Discovery subframes the over synchronization overhead over a longer time can be significant reduced compared to the first approach presented in section 2.1. This approach is somewhat similar to interruptions associated with existing intra-frequency and inter-frequency handover requirements defined in section 5.1.2.1 of TS 36.133 as shown below.  
	When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt


Tinterrupt = Tsearch + TIU + 20 ms

Where:

Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.
NOTE: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.



In this case it is assumed that the target cell is unknown to the UE resulting in Tsearch = 80 ms. TIU is not applicable because this is related to Discovery operation on the non-serving carrier and thus PRACH is not used. This results in a total one time delay of 100 ms. 
Although 100 ms duration for synchronization of an unknown cell on a non-serving carrier may sound very long compared to 20 ms, it is important to point out that the longer gap of 100 ms is a one-time gap while the 20 ms gap is a periodic gap. Therefore it is obvious that longer gap may reduce the overall overhead in the long run. 
Thereafter the UE could use the unused gaps, i.e. the regular measurement gaps, to maintain the synchronization over the time. UEs normally use measurement gaps to measure on neighbour cell measurements, SI reading measurements etc. for functions like handover. A UE which supports multicarrier operation, like this D2D UE, will most probably be configured with measurement gaps. Typically the configured gaps are not always used by the UE. The existing gaps support periodicities of 40 ms and 80 ms. But the UE may not need or use the gaps every 40 ms or every 80 ms. In this case, the D2D UE could instead use these unused gaps for synchronization purpose and to maintain the synchronization after the longer initial gap. This will improve the overall resource utilization of both WAN and D2D. 


[image: image3] Figure 3: Synchronization using a longer gap prior to Discovery reception/transmission subframes for operation on a non-serving carrier 
· Observation #2: A longer one-time gap may reduce the overall gap overhead compared to shorter periodic gap, and it may improve the overall resource utilization of both WAN and D2D. 
· Proposal #1: A longer one-time gap is allowed at the UE prior to the D2D subframes for synchronization purpose when the target cell on a non-serving carrier is unknown. 
2.3 Extended gap for non-serving operation

In this section we present a third option for adapting the gap for ProSe operation on a non-serving carrier. The ProSe UE can obtain synchronization state related information on non-serving target cell on the non-serving carrier frequency F2 on which the UE intends to do ProSe operation. Synchronization state indicates whether the UE knows the timing of that cell, and whether it is able to receive/transmit radio signals from/to that cell.
If it was determined by the UE that the UE is not synchronized to the target non-serving cell, then the UE could indicate this information to the serving eNodeB. For example, UE could indicate that the UE is not synchronized to the target cell. In addition, the UE could also indicate to the serving eNodeB that UE needs an extended gap in order to synchronize to the target cell before it can do ProSe on it. If this is the case, the UE could also indicate to the serving eNodeB the duration or length of extended gap it requests for synchronization to the target cell in order to start ProSe operation on it. The serving eNodeB can then act on the received gap request as it does for the ProSe gap request. This is illustrated in Figure 4. 
Figure 4 shows that that the ProSe gap (i.e. subframes configured for ProSe reception and transmission denoted as “Discovery SFs” in figure) is extended by a period denoted as delta-T1 in this figure. The purpose is that the UE uses this extended gap (delta-T1) to do synchronization when it knows that it is not synchronized or has lost synchronization. In the second (middle) part of the figure, UE finds outs that it is already synchronized to the target cell, then it does not request an extended gap. 
In addition, the extended gap may also be triggered and configured by the serving eNodeB based on the synchronization state of that UE. For example, the serving eNodeB may also have the capability to find out whether the UE is in synchronization with the target cell or not, and based that it can configure the UE with an extended gap. 
The advantage of this is that unpredictable interruptions are avoided and when the serving eNodeB becomes aware of the extended gap it may adapt its scheduling such that it avoids scheduling that UE in the subframes of delta-T1 since it knows that it will perform the synchronization there. This method avoids unnecessary overheads in contrast to the method proposed in section 2.1, and the resources become better utilized and it will improve the WAN performance, but also ProSe operation. 
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Figure 4: Synchronization using an extended gap prior to Discovery reception/transmission subframes for operation on a non-serving carrier
· Proposal #2: An extended gap which can be triggered by the serving eNodeB and/or the UE, and configured by the serving eNodeB is allowed for ProSe operation on a non-serving carrier.  
3 Summary 
RAN4 is discussing ProSe operation on a non-serving carrier. But the UE has to be synchronized to the non-serving cell on the non-serving carrier before it can do ProSe transmission or reception on it. Different options for synchronization have been discussed and presented in this paper. We have explained them and provided our view on them. The observation and the proposal made in this paper are:
· Observation #1: Additional overhead for synchronization has significant impact on WAN performance. 

· Observation #2: A longer one-time gap may reduce the overall gap overhead compared to shorter periodic gap, and it may improve the overall resource utilization of both WAN and D2D. 

· Proposal #1: A longer one-time gap is allowed at the UE prior to the D2D subframes for synchronization purpose when the target cell on a non-serving carrier is unknown. 

· Proposal #2: An extended gap which can be triggered by the serving eNodeB and/or the UE, and configured by the serving eNodeB is allowed for ProSe operation on a non-serving carrier.  
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