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1 Introduction
Rel-13 WI [1] was approved in RAN#66 meeting, and one of objectives is to enhance the Prose Direct Discovery by introducing the support for inter-frequency discovery.  

Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3, RAN4].

In RAN2#91bis meeting, the introduction of gap on Uu link for discovery Tx and/or Rx was agreed [2]. In last RAN4 meeting, the overhead for the discovery gap was discussed, and the working assumption is captured in the LS [3]. Based on the working assumption, the maximal overhead for the discovery gap is 33ms. 
Besides the overhead of the gap, other impacts of the inter-frequency Prose discovery were also discussed in last RAN4 meeting, e.g. the dedicated RF chain, small discovery period and gap configuration. 
In this paper, we will discuss several aspects of the discovery gap, including the need for the gap with dedicated RF chain or small discovery period, as well as possible solutions to reduce the overhead of the discovery gap. 
2 Discussion

Small discovery periods

RAN1 has made the following agreements:

	Agreement (PS Discovery):

· {40, 80,160}msec for FDD and TDD config 1 to 5, {70,140, 280}msec for TDD config. 0, and {60,120, 240}msec for TDD config. 6 periodicities are additionally supported for PS discovery resource pool period (including supporting relay discovery).


It means Prose discovery can be as frequent as Prose communication when used for PS or network relay purpose. In Rel-12 interruption due to Prose communication is only allowed during the RRC procedure for the (de)configuration, and we think the same principle could be re-used, and the threshold could be 320ms as it is the smallest discovery period in Rel-12, and the newly introduced periods are all below 320ms.

Proposal 1: Gap or interruption is not allowed during Prose discovery if the discovery period is smaller than 320ms.

Dedicated RF chain

Depending on the implementation, some UEs may have a dedicated RF chain for Prose discovery or communication. For example, for Prose UE that supports PS discovery or communication, a dedicated Rx chain is required. When UE has the dedicated chain for Prose discovery Rx, UE can use that chain to perform synchronization on the discovery frequency and also search for discovery resources if there is subframe offset uncertainty between the reference cell on the discovery frequency and the serving cell. Similar as for CA SCell (de)activation, the interruption due to turning on/off or re-tuning of the dedicated chain should still be allowed to all active serving cells.  

Proposal 2: If UE has a dedicated Rx chain for Prose discovery, additional overhead for synchronization and subframe offset should not be allowed.
Per UE gap v.s. per carrier gap
For a UE equipped with multiple RF chains, there are two possible options to apply the gap. The options are under RAN2 email discussion.

1) The gap is per UE, i.e. applicable to all the serving carriers, and this is same as today’s measurement gap. 

2) The gap is only applicable to the serving carriers served by the RF chain which is to be used for the Prose discovery TX/RX.

In our understanding, the issue is quite similar to the measurement gap enhancement for which a Rel-13 SI is ongoing, where a per component carrier measurement gap configuration is considered as one option. Therefore, in our view the gap for Prose discovery should be defined as per UE, i.e. option 1) in Rel-13, and per serving carrier gap can be considered together with measurement gap enhancement in future releases. For example, same mechanism can be used to handle the possible interruptions on other serving carriers due to frequency re-tuning of a specific RF chain.

Proposal 3: Gap for Prose discovery is per UE basis.
Gap length

Based on the working assumption as indicated in [3], there are 3 types of possible overheads for discovery gap:

· 1ms for each frequency re-tuning or turning on/off the dedicated chain
· Up to 20ms for synchronization to the non-serving reference cell if the cell is known; FFS if the cell is unknow

· 1ms or 10ms for the subframe offset between serving cell and the non-serving reference cell for UE reported or serving eNB signalled discovery resource

It can be seen that the maximum allowed overhead for the discovery gap is 33ms, and it should be noted that this overhead will apply to each discovery period. Assuming 2ms for “real” discovery resource per discovery period, the total gap length could be 35ms and the minimum gap repetition period is 320ms. As the gap length is quite large compared to current measurement gap, and UE may have multiple discovery resources (on one or more discovery frequencies), it is desirable to consider solutions that can reduce the overhead part of gap length.
The biggest component of the gap overhead is the synchronization. The 20ms comes from the HO interruption requirement, and it is used by the UE to get the synchronization accurate enough for Tx or Rx. From the same requirement, an additional 80ms search time would be needed if the cell is unknown to the UE which leads to the overhead of 100ms. 
One possible solution to eliminate or reduce the need for synchronization overhead is to keep the synchronization operation in the measurement gap. Assuming a measurement object for the discovery frequency is configured, UE can use the measurement gap to perform the cell detection, AGC setting, fine time/frequency tracking etc. It is true that not all synchronization operations are required for inter-frequency purpose, but UE can use multiple measurement gaps to finish the required synchronization operations.

Another solution is to allow the synchronization overhead only with large periodicity but not for each discovery resource. For low mobility scenario, it may not be necessary for UE to perform all the synchronization operations for each discovery period, as the sync from previous period could still be valid. However, this solution is not working for high mobility where the 320ms (and longer) discovery period is too much for a sync to be valid.

Proposal 4: RAN4 to consider solutions to eliminate the need for synchronization overhead e.g. with measurement gap, or reduce it e.g. with large periodicity. 
The subframe offset between serving cell and the non-serving reference cell, with the accuracy of ±5ms, is also a big component of the overhead when the discovery resource is given by serving eNB signalling. In our understanding, the overhead is not always needed – the overhead comes from the uncertainty due to imperfect network coordination, but once UE has acquired the exact discovery resource on the discovery frequency, it can obtain the timing difference between the two cells, so that for the next discovery periods there is no uncertainty, unless a new timing on the serving and/or discovery frequency is used. 

Proposal 5: Overhead for subframe offset is not always needed.
Multiple discovery resources

So far the RAN4 discussions on the gap for inter-frequency Prose discovery are assuming UE is (pre-)configured with only one discovery frequency, and only one discovery resource is configured for that frequency. However, RAN2 still has not excluded the possibility to have multiple discovery resources for one Prose UE, with one or more discovery frequencies. 
If no requirement is defined, gap including the overhead discussed above should be allowed for each discovery resource. This is, however, effectively reducing the discovery period. For example, if UE is doing Prose discovery over two resources which are with same period of 320ms but with the offset of 160ms, the gap is actually needed every 160ms, for which we are proposing to not allow gap or interruptions.
One solution is to define requirements such that gaps are allowed with a minimum separation of 320ms. If the combined discovery resources result in a too small separation, the UE has to use a dedicated chain for Prose discovery, otherwise the Prose discovery should not be performed. 

Proposal 6: RAN4 to consider how to handle multiple disco very resources, e.g. defining requirements such that gaps are allowed with a minimum separation of 320ms.       

3 Conclusions 

In this paper, we discussed several aspects of the discovery gap, which were not addressed in last RAN4 meeting. Also we made some analysis on how to optimize the gap length. Specifically, we have the following proposals.
Proposal 1: Gap or interruption is not allowed during Prose discovery if the discovery period is smaller than 320ms.

Proposal 2: If UE has a dedicated Rx chain for Prose discovery, additional overhead for synchronization and subframe offset should not be allowed.

Proposal 3: Gap for Prose discovery is per UE basis.
Proposal 4: RAN4 to consider solutions to eliminate the need for synchronization overhead e.g. with measurement gap, or reduce it e.g. with large periodicity. 
Proposal 5: Overhead for subframe offset is not always needed.
Proposal 6: RAN4 to consider how to handle multiple disco very resources, e.g. defining requirements such that gaps are allowed with a minimum separation of 320ms.       
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