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Discussion
1 Introduction
This paper discusses more details of sidelink gap that was decided in RAN2#90 to be introduced for Rel-13 discovery. 
	· To enhance inter-carrier discovery performance for the non-dedicated transceiver case, gaps will be introduced to allow reusing an RF transmitter/receiver chain for direct discovery transmissions/receptions.   The gaps should be under network control. 
· FFS if the gap applies both for intra and inter-frequency.  


2 Discussion

First of all, we start discussion whether the sidelink gap should be per-frequency or just per-UE. Per-frequency sidelink gap can provide more optimal gap when UE s interested to perform inter-frequency discovery on multiple frequencies. Aggregated gaps over multiple frequencies may not be acceptable in terms of Uu performance of the UE. As the practical alternative, per-UE gap could provide reasonable performance benefit if the sidelink gap is carefully configured. When needed, network can reconfigure the per-UE gap depending on the change of UE’s interest.  

Proposal 1 Sidelink gap is configured per UE, not per target frequency.  

Next, we discuss the form of the sidelink gap. Before diving into the details, we first classify the form of sidelink gap into two options as follows:
Option1
Static sidelink gap occurs periodically at defined moments
Option2 
UE autonomously creates gaps based on its necessity of gap.  
With option1, timing of the gap occurrence is exactly known to serving eNB and the UE, and eNB will avoid scheduling on the gap occurrences. The performance increase of inter-frequency discovery achieved by this option depends on how often the gap and the concerned resource pool on inter-frequency overlaps, i.e. the gap occurrence/duration should be sufficiently overlapping with the discovery subframes of the concerned resource pool(s) on inter-frequency for sufficient performance benefit of inter-frequency discovery. This means that the gap needs to be long enough, which could result in decrease of throughput of the UE. 

In this option, serving eNB needs to know the exact resource pool information and sync information of the concerned frequency. In other words, option1 is more suitable for tightly coordinated inter-frequency discovery scenario. If want to enable this option to also work at uncoordinated inter-frequency discovery, UE could inform its eNB of the resource pool information of the concerned frequency so that eNB can configure proper sidelink gaps.

If resource pool selection needs to be performed on the concerned inter-frequency announcement, the selected resource pool would be different depending on RSRP measurements of the cell used for inter-frequency announcement. The change of selected resource pool may require reconfiguration of the gap so that the new gap pattern can overlap more with the selected resource pool. 
Option2 allows UE to create sidelink gap on its preferred timing. Given that UE can acquire resource pool and sync information of the concerned inter-frequency cell by acquiring SIB19 from the concerned cell, UE can exactly determine by itself when gap creation is necessary for inter-frequency discovery. This allows that the option2 provides wider applicability covering for both uncoordinated and coordinated scenarios 
Due to the autonomous gap creation nature, the gap timing is unknown to serving eNB, so there is non-zero probability that UE misses eNB scheduling. To control the probability, serving eNB needs to control how many times or how often the UE can create the gaps etc. As long as the use of the autonomous gap is reasonably controlled by network, the autonomous gap provides good trade-off between discovery performance increase and required network/UE complexity.    
Based on the discussion above, we see the necessity of supporting both types of gap, i.e. the static gap and autonomous gap. So we propose:
Proposal 2 Both static gap and autonomous gap are supported. Network configures UE with one of the two or both.
Proposal 3 Static gap is periodically occurring consecutive time duration for which UE can ignore Uu for inter-frequency discovery (similar to measurement gap) 

Proposal 4 Autonomous gap is the time duration UE can autonomously create, for which UE can ignore Uu for inter-frequency discovery

NOTE
Configured static sidelink gap can be applicable for coordinated inter-frequency (including coordinated inter-PLMN) scenario

NOTE 
Autonomous sidelink gap can be applicable for both coordinated and uncoordinated inter-frequency scenarios

If static sidelink gaps only occur periodically, it may happen that the sidelink gap cannot overlap at all with the concerned resource pool (TX pool and/or RX pool) on the inter-frequency over long period of time. Such non-overlapping may be due to serving eNB’s unawareness of the resource pool/timing information of the concerned resource pool. One remedy would be that UE report resource pool information and sync information of the concerned inter-frequency/cell to its serving eNB, this eNB can reconfigure the sidelink gap accordingly to make them overlap. Another simpler way would be to make the sidelink gap ‘drift’ over time in determined manner so that there happens to be overlapping between them over longer time period.  

Proposal 5 Network can control whether and how static sidelink gap can drift over time. Details are FFS.   
To enable network to control the autonomous gap usage for balanced performance between Uu and discovery as mentioned above, it is proporsed:

Proposal 6 Network can control how often/how many/how long the UE can create autonomous sidelink gaps. Details are FFS. 

The above discussion focuses on sidelink gap for inter-frequency discovery. It is straightforward to extend the above proposals to make it also applicable for intra-frequency. So we simply propose:

Proposal 7 Above proposals are extended in accordance with intra-frequency gap support. Network can configure, via dedicated RRC signaling, whether sidelink gap is applicable only to inter-frequency or to both intra- and inter-frequency. 
There are interesting questions: Once UE is configured with sidelink gap, Should the UE be allowed to use the sidelink gap for ‘any’ inter-frequency discovery even without indicating interest of discovery announcement on that frequency to its eNB? Similar question can be asked for discovery monitoring. In our view, as long as the sidelink gap is used for original purpose, we do not see a strong reason to prevent UE from performing discovery announcement/monitoring on other frequency than the frequency for which UE explicitly expressed to its eNB its interest of sidelink discovery announcement/monitoring. Note that in Rel-12 monitoring of discovery of other frequency than PCell is already supported. With the sidelink gap introduced, we do not change this approach. 

Proposal 8 Above proposals are extended in accordance with intra-frequency gap support. Network can configure, via dedicated RRC signaling, whether sidelink gap is applicable only to inter-frequency or to both intra- and inter-frequency. 

It is FFS whether the sidelink gap can be also applicable to intra-frequency discovery. If we let network get the control whether UE is allowed to use the gap only for inter-frequency or for both intra- and inter-frequency discovery, the use of sidelink gap for intra-frequency discovery would be beneficial when user wants to actively perform discovery on its primary frequency.   

Proposal 9 Above proposals are extended in accordance with intra-frequency gap support. Network can configure, via dedicated RRC signaling, whether sidelink gap is applicable only to inter-frequency or to both intra- and inter-frequency. 

3 Conclusion

Proposal 1 Sidelink gap is configured per UE, not per target frequency.  

Proposal 2 Both static gap and autonomous gap are supported. Network configures UE with one of the two or both.

Proposal 3 Static gap is periodically occurring consecutive time duration for which UE can ignore Uu for inter-frequency discovery (similar to measurement gap) 

Proposal 4 Autonomous gap is the time duration UE can autonomously create, for which UE can ignore Uu for inter-frequency discovery
NOTE
Configured static sidelink gap can be applicable for coordinated inter-frequency (including coordinated inter-PLMN) scenario

NOTE 
Autonomous sidelink gap can be applicable for both coordinated and uncoordinated inter-frequency scenarios

Proposal 5 Network can control whether and how static sidelink gap can drift over time. Details are FFS.   

Proposal 6 Network can control how often/how many/how long the UE can create autonomous sidelink gaps. Details are FFS. 

Proposal 7 Above proposals are extended in accordance with intra-frequency gap support. Network can configure, via dedicated RRC signaling, whether sidelink gap is applicable only to inter-frequency or to both intra- and inter-frequency. 

Proposal 8 Above proposals are extended in accordance with intra-frequency gap support. Network can configure, via dedicated RRC signaling, whether sidelink gap is applicable only to inter-frequency or to both intra- and inter-frequency. 

Proposal 9 Above proposals are extended in accordance with intra-frequency gap support. Network can configure, via dedicated RRC signaling, whether sidelink gap is applicable only to inter-frequency or to both intra- and inter-frequency. 
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