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Introduction
During previous RAN2 meetings, inter-frequency and inter-PLMN discovery was discussed.  At the last meeting in Malmö the following agreements were made [2]:
	Agreements:
· The UE during gaps intended for reception is not expected to monitor any DL channels (it is RAN2’s understanding that the UE  still needs to fulfil measurement requirements)
· The eNB can deconfigure a configured transmission/reception gap



· [LTE/D2D – Gaps] – Discussion on gap configuration – Qualcomm
-	Discuss and conclude on UE behaviour during tx gaps, the gaps request and configuration format for rx/tx, gap request triggers and whether the request is per active cell.  
In this contribution, we discuss a number of aspects related to inter-carrier/inter-PLMN discovery including SLSS and transmission and reception gaps.
Discussion
Transmission of SLSS

In R12 discovery transmission, the UE uses the downlink synchronization of its serving cell to transmit the discovery signal.  To facilitate discovery across asynchronous cells, the UE may further be configured to transmit the sidelink synchronization signal (SLSS).  The UE will transmit SLSS when configured to do so via dedicated signaling or when configured on SIB 19 and the UE RSRP is below syncTxThreshIC.  This functionality ensures that the reception range of the discovery messages does not depend on the distance of the receiving UE to the serving cell of the UE transmitting the discovery signal.
Just as in R12, we think that UEs transmitting discovery signals in another frequency, or rather in a non-PCell and non-SCell, should also be transmitting SLSS when required.  To do so, the UE must be configured with the synchronization information either on the provided list by the serving eNB or the UE needs to acquire the information on SIB19 of the non-PCell/non-SCell. 
We note here that the UE in practice would need to measure the RSRP of the target non-PCell/non-SCell in order to be able to apply the threshold.  One option, if RSRP measurement is unavailable or too long to acquire is for the UE to ignore the threshold and transmit SLSS regardless of the RSRP.
Proposal 1: UE transmits SLSS when required by the target cell.  Whether the UE applies the RSRP threshold is to be discussed.
Similarly for the discovery reception, the UE should be able to receive the SLSS in order to benefit from the same discovery coverage as in R12 operations.  Thus for both reception and transmission, the gaps should take into account the sub frames in which SLSS is expect to be transmitted or received.
Proposal 2: The transmission and reception gaps take into account the SLSS

GAP Definition
Reception GAP
A reception gap should be only needed when the UE has a single reception chain.  As discussed in the RAN4 LS in [1], the UE needs not only gap time for the discovery period itself but also overhead which consists of:
· Retuning its radio: 1ms each time
· Period to acquire synchronization when discovery is taking place on a non-serving cell and using a non-serving cell for the synchronization.  Overheads gaps of up to 20ms or more (FFS in RAN4) may be needed.
· Subframe offsets: ±0.5ms if UE reports resources to the serving cell (UE measures it) or ±5ms if the eNB configures the UE.
In our view the gap should not be designed to allow the UE to acquire a cell and the synchronization overhead should be kept as small as possible.  The UE can acquire the synchronization of the cell on a best effort basis, similar to SIB19 acquisition or over a few discovery periods.   Figure 1 illustrates the parts needed for the reception gap (subframe offset not illustrated here).


[bookmark: _Ref434588428]Figure 1: Reception Gap
As it can be observed, the reception gap may need to be quite long, and its actual duration depends on the location of the SLSS and the duration of the discovery pool.  Whether it is worth retuning between the reception of the SLSS and the beginning of the discovery reception depends largely on the timing of the SLSS (which may be up to 39ms before the beginning of the discovery pool) and the size of the subframe offset.  This may be determined by the eNB depending also on the DL traffic to the UE.  Thus the reception gap should consist on a possible non-contiguous set of subframes.
Proposal 3: The reception gap consist of a possibly non-contiguous sets of subframes including all the subframes during which the UE is not expected to receive on the DL
Transmission GAP
For the transmission gaps, the synchronization acquisition also requires retuning of the receiver.  Thus a transmission gap in practice also requires a reception gap (to receive the DL synchronization signal from the cell on which discovery transmission is to take place), if a single receiver chain is available.  Other considerations for the transmission gaps are transmission of the SLSS and also of the multiple repetitions (up to 4 transmissions in total) of the discovery payload.  Depending on the actual parameters, the UE may not be capable or it may not be relevant to retune at every transmissions.  Indeed, taking into account the subframe offsets it may be virtually impossible to retune during the discovery transmission phase simply because of the retransmissions.  Figure 2 illustrates at a high level the elements of a transmission gap.
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Again here it can be observed that the transmission gap may need to be quite long.  As opposed to the reception gap, which by nature requires to listen to the entire duration of the discovery pool, one option for the transmission gap is to configure the UE with a gap only for the actual subframes that it will be transmitting on; this can be achieved if the eNB selects the discovery subframe to transmit on.  Providing exact subframes to transmit would override the R12 behavior where the UE selects the resources randomly.  While this approach may be reduce the number of subframes in the gap, the actual gain depends on the number of discovery retransmissions and the subframe offset.  In cases of short discovery period (e.g. 10 subframes), it may not be worth it for the UE to tune in and out for every transmission.  On the other hand for very long durations (e.g. 20-30 subframes), then it may be worth it for the UE to be configured with exact subframes to transmit on and more efficient from the eNB perspective.
We also note that with RAN4 rules and the discovery transmission pools (timing, number of transmissions, SLSS config, etc), it is possible to determine the exact transmission/reception gaps needed for a single discovery transmission.  In that case the gap grant signaling may be quite simple and could consist of an index to a discovery resource.  That approach requires that RAN4 defines strict rules to associate a gap to a transmission occasion.  Alternatively, the eNB could configure the UE with an explicit set of subframes indicating the actual granted gap period, including the overhead and the retuning time.  This approach may provide more flexibility to the eNB to control how aggressive it wants to have the transmission gaps.
Proposal 4: The UE requests a gap that indicates the target transmission discovery pool including the sync configuration
Proposal 5: The eNB grants a gap to the UE which indicates the possibly non-contiguous sets of subframes including all the subframes during which the UE is not expected to transmit on the UL
It was also discussed last meeting and in the e-mail discussion whether the eNB should be allowed to cancel a transmission gap dynamically (e.g. by scheduling a PDCCH on the downlink).  As it can be observed by the above figures, it is clear that the gap durations may be quite long; thus in our view there would be merit in leaving the possibility to the eNB to cancel a transmission gap when needed.
Proposal 6: The eNB may cancel a discovery transmission gap by scheduling the UE via the PDCCH during the gap (e.g. the UE should prioritize Uu over discovery transmissions) 

Summary
In this contribution, we discuss aspects related to transmission gaps and propose the following:
Proposal 1: UE transmits SLSS when required by the target cell.  Whether the UE applies the RSRP threshold is to be discussed
Proposal 2: The transmission and reception gaps take into account the SLSS
Proposal 3: The reception gap consist of a possibly non-contiguous set of subframes including all the subframes during which the UE is not expected to receive on the DL
Proposal 4: The UE requests a gap that indicates the target transmission discovery pool including the sync configuration
Proposal 5: The eNB grants a gap to the UE which indicates the possibly non-contiguous sets of subframes including all the subframes during which the UE is not expected to transmit on the UL
Proposal 6: The eNB may cancel a discovery transmission gap by scheduling the UE via the PDCCH during the gap (e.g. the UE should prioritize Uu over discovery transmissions)
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