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1 Introduction

During the last 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. The following was agreed in RAN2#90 meeting regarding the introduction of transmission/reception gaps:

	Agreements

· The dual transceiver chain is not mandated for direct discovery transmissions on other carriers, for commercial use case.  

· For PS discovery the UE capability requirements should be aligned with the Rel-12 communication capabilities.     

· 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.  




Main reason to have reception/transmission gaps is motivated by the fact that in Rel-12, ProSe Direct Discovery transmission/reception is very much best effort, having lower priority than Uu transmission/reception (highest priority) and ProSe Communication transmission/reception. For instance, discovery announcements monitoring can be performed only if the UE is in RRC_IDLE or in RRC_CONNECTED during DRX sleeping periods or by using a spare receiver.

As such, introducing reception/transmission gaps sounds a good solution to improve ProSe discovery performances without necessarily increase RF complexity.

In this contribution, we discuss implications of such gaps and related signalling to support them.
2 Discussion 

A UE capable of D2D gaps needs to inform the eNB in which subframes the transmission/reception gaps are needed on the basis of the selected transmission/reception pool, since the eNB might not know a-priori the TX/RX pool.  Therefore, adding a separate capability signalling to indicate whether gaps are supported or not does not seem to bring advantages to the network and to the UE.
Proposal 1 D2D gaps support does not need to be indicated in the UE capability signalling.

Regarding whether D2D gaps apply to both intra and inter-frequency, we note that if the UE is equipped with a single RX/TX chain, time interruptions are needed to switch the receiver/transmitter from the Uu interface to the PC5 interface for ProSe discovery purposes. In particular, according to RAN4 Rel-12 agreement, the TX/RX chain retuning costs 1 subframe interruption before and after a discovery subframes. For this reason, we believe that the UE must still prioritize Uu transmission/reception (highest priority) and ProSe Communication transmission/reception (as in Rel-12), and perform ProSe discovery on the interested carriers during gaps if configured by the network. Gaps can apply to ProSe discovery carriers that operate inter- or intra-frequency with respect to the PCell.
Proposal 2 Intra/inter-frequency ProSe Direct Discovery is performed best effort (as in Rel-12) or during network configured reception/transmission gaps.  

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 or even 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 effective network-controlled gaps, the eNB should become aware of the RX/TX resources the UE wishes to use for ProSe discovery monitoring/transmission for one or more of the following discovery periods. A practical solution could be that the UE provides the eNB with the desired gap configuration (e.g. length, periodicity) and the subframes in which participation in ProSe discovery is desired so that the eNB if needed can allow the gaps only in a specific set of subframes within the pool. Also possible synchronization offset between the PCell and the ProSe discovery frequency should be reported. 
Proposal 3 The UE sends to the eNB a ProSe gap request indicating the desired gap configuration (gap length, gap periodicity, RX/TX subframes, synchronization offset, discovery carrier) for one or more of the following discovery periods.
It is also important to mention that 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. Therefore, 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.

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 can be an RRC signal that could also contain an indication to configure a new gap configuration in order to avoid gaps during certain subframes (e.g. system information subframes, paging, MBMS, measurements gaps). The eNB can also deconfigure a configured gap.
Proposal 5 Upon ProSe gap request reception, the eNB can configure a transmission/reception gap.
Proposal 6 The eNB can deconfigure a configured transmission/reception gap.

An example of possible signalling for the case of reception gaps is illustrated in Figure 1.
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Figure 1: Reception gaps.
From Figure 1, it is worth noting that reception gaps 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, if the UE is expected to transmit on the UL of the Uu new data or retransmission, 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 transmissions or HARQ retransmissions are expected during the discovery reception gap or during the interruption subframes.

Similarly, as shown in Figure 2, we propose that transmission gaps are skipped (and Uu is priotized) 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 interruptions 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 or during the interruption subframes.
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Figure 2: Transmission gaps
3 Conclusion
In this contribution, we have further developed the concept of ProSe transmission/reception gaps that were agreed during RAN2#90. 
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.


Based on the above discussion, we propose the following:
Proposal 1
D2D gaps support does not need to be indicated in the UE capability signalling.
Proposal 2
Intra/inter-frequency ProSe Direct Discovery is performed best effort (as in Rel-12) or during network configured reception/transmission gaps.
Proposal 3
The UE sends to the eNB a ProSe gap request indicating the desired gap configuration (gap length, gap periodicity, RX/TX subframes, synchronization offset, discovery carrier) for one or more of the following discovery periods.
Proposal 4
Transmission gaps only occur in the subframes actually used for ProSe discovery transmission.
Proposal 5
Upon ProSe gap request reception, the eNB can 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 transmissions or HARQ retransmissions are expected during the discovery reception gap or during the interruption subframes.
Proposal 8
Transmission gaps are not performed if an UL transmission in Uu is expected during the discovery transmission subframes or during the interruption subframes.
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