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1 Introduction
In RAN2 #90, #91 the following agreements [1] [2] were made for the discovery gaps:

RAN2 #90 Agreements
· 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.

RAN2 #91 Agreements
· Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and intra-frequency cases for connected mode UEs
· eNodeB controls the gap configuration on a per UE basis 
· The gap created for discovery should take into account additional overhead (for synchronization and subframe offset) and interruption time for retuning.  The actual overhead and interruption time depends on RAN4 discussion.
· The UE can request gaps for discovery reception and/or transmissions.  In the request the UE can inform the eNB of the subframes (corresponding of the timing of the serving cell) on which the UE needs gaps for transmission and/or reception.  FFS on what the transmissions subframes correspond to (all allowed transmission subframes or the subframes in which the UE intends to transmit).  FFS when the request is triggered.
In this paper we discuss the remaining issues of gaps for discovery transmission.
2 Discussion
Issue 1:  When does UE request gaps for discovery transmission?

In case of inter carrier discovery transmission, if UE does not have additional TX chain then it cannot concurrently transmit uplink on serving carrier (say F1) and transmit discovery on another carrier (say F2). In case of intra carrier discovery transmission, UL and discovery transmission cannot be performed concurrently in same subframe. Concurrent transmission may occur if UE is assigned UE selected discovery resource pool for discovery transmissions.  So, in order to perform discovery transmission RRC CONNECTED UE requests gaps from serving eNB.

Proposal 1: If UE does not have additional TX chain for inter discovery transmission then UE can send gap request for discovery transmission to serving eNB.
Proposal 2: If UE is assigned UE selected discovery resource pool for intra carrier discovery transmissions then UE can send gap request for discovery transmission to serving eNB.
Issue 2: Will the UE skip DL reception or UL transmission or both during the gap for discovery transmission?
In RAN2 #91, it was agreed that in gap request the UE can inform the eNB of the subframes (corresponding of the timing of the serving cell) on which the UE needs gaps for transmission. It was not discussed what this gap corresponds to. Will the UE skip DL reception or UL transmission or both during the indicated subframes? 

In case of discovery transmission, the gap should correspond to UL subframe. During the gap for discovery transmission (also referred as TX gap) in UL subframe ‘n’, UE does not transmit in UL. However UE can receive in DL subframe ‘n’. UL subframe ‘n’ is not scheduled by DL subframe ‘n’. So UE is not required to skip DL reception during the discovery transmission in subframe ‘n’. 
Proposal 3: In a subframe indicated as gap for discovery transmission, UE does not transmit in UL. UE is not required to skip DL reception during the gaps for discovery transmission.
Issue 3: How to signal the gap request for discovery transmission?

The gap request for discovery transmission i.e. TX Gap Request can be signaled using SidelinkUEInformation message. Information about the TX gaps i.e. one or more UL subframe(s) where serving eNB should not schedule UL and UE is not expected to transmit in UL can be sent in gap request. The TX gaps correspond to subframes in which UE intend to transmit discovery.
Proposal 4:  The gap request for discovery transmission i.e. TX Gap Request is signaled using SidelinkUEInformation message. Information about the TX gaps i.e. one or more UL subframe(s) where serving eNB should not schedule UL and UE is not expected to transmit UL can be sent in gap request. The TX gaps correspond to subframes in which UE intend to transmit discovery.
Issue 4: Does eNB sends gap response in response to gap request? If so, why?

On receiving the TX gap request, serving eNB may or may not provide gap in the subframes indicated by UE in TX gap request. RRC CONNECTED UE monitors downlink and will come to know whether UL data is scheduled or not on serving carrier corresponding to subframes for discovery transmissions. However, UE may also have to transmit SRS, PUCCH and PRACH in UL on serving carrier. So serving eNB sends TX gap response. TX gap response may indicate one of the following info:

Option 1: Indicates whether UE’s request is accepted or not. If accepted, UE does not need to perform any UL transmission (PUSCH/PUCCH/SRS/PRACH) in UL subframes signaled by UE in TX gap request.
Option 2: Indicates whether UE’s request is accepted or not. If accepted, eNB may additionally indicate to UE UL subframes where UE does not need to perform any UL transmission (PUSCH/PUCCH/SRS/PRACH).
Proposal 5: On receiving the TX gap request, serving eNB may or may not provide gap in all the subframes indicated by UE in TX gap request. A TX gap response may indicate to UE whether its request is accepted or not. 
· If accepted, eNB may additionally indicate to UE the UL subframes where UE does not need to perform any UL transmission. If accepted and UL subframes are not indicated in TX gap response then UE does not need to perform any UL transmission in UL subframes signaled by UE in TX gap request.
Issue 5: How often the UE needs to send TX gap request? Should the UE send TX gap request every discovery period?
This depends on the various ways in which discovery resources are configured. 

Case 1: Multiple TX Resource Pools (RSRP based pool selection criteria): If multiple TX resource pools are configured and resource pool selection is based on RSRP, then UE may have to reselect resource pool if RSRP changes. As a result resources for discovery transmission can change every discovery period. Whether a new resource pool needs to be selected or not depends on RSRP measurement before the discovery period. So UE cannot send TX gap request for multiple discovery periods. UE have to send TX gap request every discovery period.
Case 2: Multiple TX Resource Pools (Random pool selection criteria): In case of random resource pool selection, UE can select resource pool and hence resources for multiple discovery periods. So UE can send TX gap request once every ‘N” discovery periods.

Case 3: Single TX Resource Pool: UE have to select resources randomly for every transmission in every discovery period. As a result resources selected for discovery transmission changes every period. However, UE can select resources (randomly) for multiple discovery periods and can send TX gap request once every ‘N” discovery periods.
Proposal 6: UE can send TX gap request for one or more discovery periods.
Issue 5: How to signal (i.e. parameters to indicate gap) in SidelinkUEInformation message, the subframes in which UE needs gap for discovery transmission?
UE will transmit at least one discovery message per discovery period. Each discovery PDU is retransmitted multiple times (discoveryNumRetx parameter in discovery resource configuration) in discovery period and hence gap is needed for multiple discovery subframes. Gaps are also staggered because discovery subframes can be staggered in discovery period. A subframe bit map may be needed to signal the staggered TX gaps. 

In case of UE transmitting multiple discovery messages, the subframes used for one discovery message and another discovery messages can be far apart (Number of discovery subframes in one resource pool can be up to 210). As a result TX gaps can be far apart. Indicating TX gaps using one subframe bit map may lead to lots of zeros bits in the bitmap. Multiple subframe bitmaps may be needed to signal TX gaps in TX gap request. 
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Figure 1
TX gaps can be signaled in TX gap request using following parameters (Figure 1):
· TX GAP Period: Periodicity of TX gaps. Same as Discovery period.

· TXGapOffset: Indicates the offset between the start of TX Gap period and SFN = 0.

· SubframeBitMapList: Indicates TX gaps in one TX gap period. Multiple SubframeBitMapList can be signalled to signal TX gaps for multiple TX gap periods. Each element in SubframeBitMapList comprises of: 
· SubframeBitMap: Variable size bit map. Each bit indicates whether the subframe is a TX gap or not.

· SubframeBitMapOffset: Indicates offsets between the start of SubframeBitMap with respect to previous bit map in the list. For the first element in SubframeBitMapList this may not be there.

Proposal 7: TX gaps are signaled in TX gap request using the following parameters:

· TX GAP Period: Periodicity of TX gaps. Same as Discovery period.

· TXGapOffset: Indicates the offset between the start of TX GAP period and SFN = 0.

· SubframeBitMapList: Indicates TX gaps in one TX gap period. Multiple SubframeBitMapList can be signalled to signal TX gaps for multiple TX gap periods. Each element in SubframeBitMapList comprises of: 

· SubframeBitMap: Variable size bit map. Each bit indicates whether the subframe is a TX gap or not.

· SubframeBitMapOffset: Indicates offsets between the start of SubframeBitMap with respect to previous bit map in the list. For the first element in SubframeBitMapList this may not be there.

3 Conclusions
In this paper we have discussed the remaining issues of gaps for discovery transmissions. We propose the following:

Proposal 1: If UE does not have additional TX chain for inter discovery transmission then UE can send gap request for discovery transmission to serving eNB.
Proposal 2: If UE is assigned UE selected discovery resource pool for intra carrier discovery transmissions then UE can send gap request for discovery transmission to serving eNB.
Proposal 3: In a subframe indicated as gap for discovery transmission, UE does not transmit in UL. UE is not required to skip DL reception during the gaps for discovery transmission.
Proposal 4:  The gap request for discovery transmission i.e. TX Gap Request is signaled using SidelinkUEInformation message. Information about the TX gaps i.e. one or more UL subframe(s) where serving eNB should not schedule UL and UE is not expected to transmit UL can be sent in gap request. The TX gaps correspond to subframes in which UE intend to transmit discovery.
Proposal 5: On receiving the TX gap request, serving eNB may or may not provide gap in all the subframes indicated by UE in TX gap request. A TX gap response may indicate to UE whether its request is accepted or not. 
· If accepted, eNB may additionally indicate to UE the UL subframes where UE does not need to perform any UL transmission. If accepted and UL subframes are not indicated in TX gap response then UE does not need to perform any UL transmission in UL subframes signaled by UE in TX gap request.
Proposal 6: UE can send TX gap request for one or more discovery periods.
Proposal 7: TX gaps are signaled in TX gap request using the following parameters:

· TX GAP Period: Periodicity of TX gaps. Same as Discovery period.

· TXGapOffset: Indicates the offset between the start of TX GAP period and SFN = 0.

· SubframeBitMapList: Indicates TX gaps in one TX gap period. Multiple SubframeBitMapList can be signalled to signal TX gaps for multiple TX gap periods. Each element in SubframeBitMapList comprises of: 

· SubframeBitMap: Variable size bit map. Each bit indicates whether the subframe is a TX gap or not.

· SubframeBitMapOffset: Indicates offsets between the start of SubframeBitMap with respect to previous bit map in the list. For the first element in SubframeBitMapList this may not be there.
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