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1. Introduction

In RAN4 #76bis, we agreed on reusing the existing OOC RRM requirements for OOC Discovery operation in R4-156632. Further in RAN4 #77, we agreed to extend the OOC RRM requirements for both Discovery and Communication to support a scenario where UE is OOC on the D2D carrier, while being camped on a non-D2D carrier [R4-158138]. 
The only remaining FFS was on impact due to multicarrier operation, as captured in R4-158138:
· The OoC/IC status is per carrier, and WAN impacts due to OoC Discovery (and also Communication) should be considered.

· [Issue 1] For OoC Discovery (and also Communication) Rx on Prose carrier, or for OoC Discovery (and also Communication) Tx on Prose carrier and if UE has dedicated Tx chain, solutions for interruption requirements are captured in R4-158139. It should be noted that requirements for PS could be different from that for commercial.

· [Issue 1-a] FFS if in PS and commercial Prose operation can be distinguished in 36.133 

· [Issue 2] For OoC Discovery (and also Communication) Tx on Prose carrier and if UE has shared Tx chain for WAN carrier and Prose carrier, gap is allowed or not is FFS, and decision should be made in RAN4#78
In this paper, we discuss the remaining details for RRM requirements for OOC discovery due to multicarrier operation, namely Issue 1, Issue 1-a, and Issue 2 as tagged above.
CR for eD2D RRM requirements for OOC Discovery is provided in our companion contribution R4-160060.
2. Impact on OOC requirements due to multicarrier support
The discussion is presented in this section with respect the issues tagged in the Introduction section.
For Issue 1:
This scenario concerns when the UE is associated with a serving cell (PCell and SCell(s)) on non-ProSe carrier, and is out of coverage on the preconfigured ProSe carrier, and is using the preconfigured D2D resources to participate in D2D on the preconfigured ProSe carrier. 

Note that OOC D2D operation is supported only for PS use. The UE is expected to have a dedicated receiver chain, while both shared and dedicated Tx chain is possible. Issue 1 was identified for the specific case of dedicated Tx chain. 
Question is if RAN4 should allow for interruptions to the serving carrier in this case? In case of dedicated chains, at least 2 subframe interruption needs to be supported to allow the UE to be able to turn ON/OFF its Tx/Rx chain. Of course, if the UE is forced to keep the Tx/Rx chains ON during the entire D2D operation, there might be a significant impact on UE power consumption (particularly discovery with large discovery periods).

To make a more informed proposal, we consider the two scenarios possible:

a) Serving cell is broadcasting SIB18 (for communication) and/or SIB19 (for discovery). This implies the serving cell supports D2D communication and/or discovery, respectively.

b) Serving cell is not broadcasting SIB18 (for communication) and/or SIB19 (for discovery). This implies the serving cell does not support D2D communication and/or discovery, respectively.

In case of (a), the UE can send SLUEInfo message informing the serving eNodeB of the interest in D2D discovery/communication on the OOC D2D carrier, and can be followed by RRC reconfiguration by the serving cell. Rel-12 specs allow for 1 subframe interruption during the RRC reconfiguration procedure, thus allowing the UE to turn ON/OFF its transmitter/receiver chains. The UE will, however, be forced to keep the dedicated D2D chains ON for the entire duration as long as there in interest in D2D and not take benefit of low periodicity of D2D operation (esp. for discovery).  We recognize that this aspect was also considered in Rel-12 for D2D communications (in-coverage operation), but no power optimization were done in Rel-12 for this purpose.

In case of (b), the issue is more severe as the serving cell does not support D2D (and does not understand SLUEInfo). Thus based on Rel-12 specifications, the UE does not even have a single subframe to be able to turn ON/OFF its spare transmitter and/or receiver chain for inter-freq / OOC discovery in that case. To ensure the UE is allowed to turn ON/OFF its transmitter and/or receiver chain, some interruptions need to be allowed. 
Our proposal is to allow for interruptions with up to 0.5% missed ACK/NACK probability.
Observation 1: For OOC D2D on non-serving carrier, while being camped on a serving cell on a non-D2D carrier, the UE may not even have 1 subframe available to turn ON/OFF its spare transmitter/receiver chain if the serving cell is not broadcasting SIB19 (discovery) or SIB18 (communication). Interruptions need to be allowed to permit this use case.

Proposal 1: For OOC D2D on non-serving carrier, while being camped on a serving cell on a non-D2D carrier and no request for Gaps is signalled, then the UE is allowed interruption with up to 0.5% missed ACK/NACK.
For Issue 1-a:

OOC operation in Rel-12/Rel-13 is only for PS use case. Hence any requirements specific to OOC operation will be specific to PS UEs.
Observation 2: OOC operation in Rel-12/Rel-13 is only for PS use case. Any requirements specific to OOC operation will be thus be specific to PS UEs.

For Issue 2:

While Issue 1 considered the case of dedicated transmitter chain, Issue 2 was identified for the case of shared transmitter chain. With a shared transmitter chain, the UE will need to rely on Gaps configured by the serving cell to be able to perform OOC D2D Tx on the non-serving D2D carrier.
Question in RAN4 #77 was if Gaps are allowed if the PS UE is equipped with a shared transmitter chain and wishes to transmit for D2D on an OOC non-serving D2D carrier?
Support for shared transmitter chain was a strong need from the PS community. Furthermore, if Gaps are allowed, it provides the serving cell great control on the amount of Gaps, interruptions. In fact, the serving cell can even decide not to configure any Gaps – in which case, the UE will be forced to drop D2D Tx. 

Hence, in our view, Gaps should be allowed for shared Tx chain for PS use. Moreover, support of Gaps allows greater control to the serving eNodeB on the amount of gaps and allowed interruptions (as opposed to dedicated chain and if gaps are not requested).

Proposal 2: Gaps should be allowed for shared Tx chain for PS use. Moreover, support of gaps grants greater control to the serving eNodeB on the amount of gaps and allowed interruptions (as opposed to dedicated chain and if gaps are not requested).

3. Conclusions
In this paper, we discussed remaining details for RRM requirements for OOC discovery due to multicarrier operation.
(Issue 1 – For OOC D2D Rx with dedicated Tx+Rx chains, while camped on non-D2D carrier)
Observation 1: For OOC D2D on non-serving carrier, while being camped on a serving cell on a non-D2D carrier, the UE may not even have 1 subframe available to turn ON/OFF its spare transmitter/receiver chain if the serving cell is not broadcasting SIB19 (discovery) or SIB18 (communication). Interruptions need to be allowed to permit this use case.

Proposal 1: For OOC D2D on non-serving carrier, while being camped on a serving cell on a non-D2D carrier and no request for Gaps is signalled, then the UE is allowed interruption with up to 0.5% missed ACK/NACK.
(Issue 1-a – PS vs commercial requirements)
Observation 2: OOC operation in Rel-12/Rel-13 is only for PS use case. Any requirements specific to OOC operation will be thus be specific to PS UEs.

(Issue 2 – For OOC D2D Tx with shared Tx chain, while camped on non-D2D carrier)
Proposal 2: Gaps should be allowed for shared Tx chain for PS use. Moreover, support of gaps grants greater control to the serving eNodeB on the amount of gaps and allowed interruptions (as opposed to dedicated chain and if gaps are not requested).
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