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1 Introduction

During the RAN2#90 meeting, it was agreed to support transmission/reception gaps in order to address new reliability and latency requirements for Rel-13 Public Safety discovery. In the last RAN2#91 meeting the concept of D2D gaps has been further developed and following agreements were made:

	Agreements on gaps:
· 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 contribution, we discuss other open issues related to D2D gaps that have not been addressed yet by RAN2.
2 Discussion 

The eNB to which the UE is currently connected could be in principle aware of the RX/TX pools the UE would like to monitor, but the selected discovery frequencies may belong to another eNB (possibly belonging to another PLMN). Even in case of intra-eNB discovery, the eNB might not be aware of the RX pool the UE would like to monitor since the UE is not required to monitor all the RX pools provided for a given cell. Obviously, for ProSe discovery transmission this issue arises only for Type 1 discovery in which case the UE autonomously selects only some of the resources available in the TX pools.
Observation 1 The eNB may not be aware of the RX/TX pools the UE intends to monitor in the ProSe Direct Discovery frequencies.

Therefore, in order to have network-controlled gaps, the eNB should become aware of the RX/TX resources the UE wishes to use for ProSe discovery monitoring/transmission. RAN2 has agreed in RAN2#91 meeting that “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”. As such, since the UE should report the desired gap configuration to the eNB, adding a separate capability signalling to indicate whether gaps are supported or not for this UE does not seem to bring relevant advantages to the network and to the UE.
Proposal 1 D2D gaps support does not need to be indicated in the UE capability signalling.

2.1 Gap request triggering

Another open issue that RAN2 has not discussed yet is when the D2D gap request is triggered. First of all, we believe that a necessary condition to trigger the D2D gap request should be the lack of an available RX/TX chain to be allocated in the ProSe discovery carrier. Given this condition, before triggering a D2D gap request, the UE needs to acquire the RX/TX pool configuration (e.g. via SIB19) related to the ProSe discovery carrier and check whether there is any change compared with the previous (if any) RX/TX pool configuration for which the UE requested the gap. 
Proposal 2 Necessary condition to trigger a D2D gap request is that the UE does not have an available RX/TX chain to be allocated to the ProSe discovery carrier.
Proposal 3 A D2D gap request can be triggered by the UE after detecting a new resource pool configuration for the ProSe discovery carrier.
2.2 Gap configuration

Related to gap configuration, there is a fundamental difference between reception gaps and transmission gaps. For this reason RAN2 agreed in RAN2#91 meeting that a separate gap request for discovery reception and transmissions is not precluded. While for reception the UE might need to monitor several resources in the discovery period, for transmission the UE just needs 1 subframe (and 2 PRBs) to transmit a discovery MAC PDU. In addition, one should also consider the time needed to retune/resynch the receiver to the ProSe discovery carrier, but in general the transmission gap may be very short in time, thereby limiting the impact in the Uu interface. 

Proposal 4 Transmission gaps only occur in the subframes actually used for ProSe discovery transmission (i.e. not for the complete discovery period).

In any case, both for reception and transmission, the eNB must have the possibility to acknowledge the gaps, meaning that the UE is exempt from transmitting UL or receiving DL on those subframes on a given carrier, or to not acknowledge the gaps, meaning that the UE must prioritize UL transmissions on Uu or DL reception on Uu over ProSe on PC5. The acknowledge to the ProSe gap request is an RRC signal that contains the gap configuration which takes into account the gap request from the UE (i.e. the subframes in which the UE is interested in performing ProSe discovery as indicated in the gap request), as well as the possible need to avoid gaps in some critical subframes (e.g. system information subframes, paging, MBSFN subframes, measurements gaps, SPS subframes, etc). The eNB can also deconfigure a previously configured gap.
Proposal 5 Upon ProSe gap request reception, the eNB may configure a transmission/reception gap.
Proposal 6 The eNB can deconfigure a configured transmission/reception gap.

Besides the gap configuration signalled by the eNB upon reception of the ProSe gap request, we believe that it might be particularly useful if the eNB could at any time override the gap configuration and prioritize cellular communications for instance on the basis of current buffer status or traffic priority. Reason for this is that compared with the legacy measurement gap (which is 6ms long) the D2D gap might be longer especially considering the reception gap case, therefore the impact on the cellular layer is expected to be higher.

Observation 2 D2D gap is expected to have higher impact on the Uu compared with the legacy measurement gap.

As shown in Figure 1, overriding of gap configuration can be easily accomplished at MAC layer by using the legacy adaptive HARQ retransmission mechanism without the need to explicitly deconfigure the gap via RRC (that inherently implies longer processing).   
Note that in Figure 1 (and in following Figure 2) the interruption subframe needed to the UE to retune/synch to/from the ProSe discovery carrier is considered just as an example equal to 1TTI (details are left to RAN4 as agreed by RAN2). 
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Figure 1: Reception gaps.
From Figure 1, it is evident that reception gaps (including the interruption subframes) affect not only DL traffic but also UL traffic since HARQ ACK/NACK on PHICH cannot be received. Hence the eNB can suspend an UL HARQ process (adaptive retransmission) by sending an ACK on PHICH just before the discovery gap starts and resume it after the RX discovery gaps as illustrated in the left side of Figure 1. On the other hand, if the UE is expected to transmit new data or retransmission on the UL of the Uu, the RX discovery gap is skipped and Uu is prioritized as illustrated in the right side of Figure 1. 
Proposal 7 Reception gaps are not performed if new data UL transmissions or HARQ retransmissions are expected during the discovery reception gap (including interruption subframes).

Similarly, as shown in Figure 2, we propose that transmission gaps are skipped (and Uu is prioritized) if an UL transmission in Uu (i.e. a new UL data, an UL HARQ retransmission, an ACK/NACK on PUCCH) is expected to be performed during the discovery transmitting subframes or during the interruption subframes. In Figure 2, we also consider that the TX gap only applies to the subframe selected by the UE for type 1 ProSe discovery transmission.
Proposal 8 Transmission gaps are not performed if an UL transmission in Uu is expected during the discovery transmission subframes (and including the interruption subframes).
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Figure 2: Transmission gaps
3 Conclusion
In section 2 we made the following observations:
Observation 1
The eNB may not be aware of the RX/TX pools the UE intends to monitor in the ProSe Direct Discovery frequencies.
Observation 2
D2D gap is expected to have higher impact on the Uu compared with the legacy measurement gap.


Based on the discussion in section 2 we propose the following:
Proposal 1
D2D gaps support does not need to be indicated in the UE capability signalling.
Proposal 2
Necessary condition to trigger a D2D gap request is that the UE does not have an available RX/TX chain to be allocated to the ProSe discovery carrier.
Proposal 3
A D2D gap request can be triggered by the UE after detecting a new resource pool configuration for the ProSe discovery carrier.
Proposal 4
Transmission gaps only occur in the subframes actually used for ProSe discovery transmission (i.e. not for the complete discovery period).
Proposal 5
Upon ProSe gap request reception, the eNB may configure a transmission/reception gap.
Proposal 6
The eNB can deconfigure a configured transmission/reception gap.
Proposal 7
Reception gaps are not performed if new data UL transmissions or HARQ retransmissions are expected during the discovery reception gap (including interruption subframes).
Proposal 8
Transmission gaps are not performed if an UL transmission in Uu is expected during the discovery transmission subframes (and including the interruption subframes).
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