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1 Introduction

The Rel-12 requirements on interruptions were developed assuming single-carrier operation. It was agreed to introduce support for multi-carrier operation for Rel-13 D2D. At last RAN4#77 meeting interruptions due to multicarrier support for D2D was discussed and a way forward document was agreed in [1]. No concrete agreement could be reached; instead numerous options (including some FFS) to address the remaining issues were listed and agreed in the way forward. It was further agreed that the FFS are be resolved at RAN4#78 meeting. In this paper, we provide our updated view on this topic with aim to resolve open issues. 
2 Discussion on interruption
Background
One of the open issues that was discussed a lot during last meeting and had different views among the companies is proposal #3 from [1]. This proposal is listed below: 
	· Proposal 2: For D2D communications, existing requirements on interruptions shall be extended for PCell and activated SCell(s)
· Proposal 3: For intra-frequency and inter-frequency D2D discovery reception, existing requirements on interruptions shall be extended for PCell and activated SCell(s); however, the exact amount of interruptions are FFS.
· FFS for interruptions allowed when discovery period less than 320ms
· Option 1: Same as specified for discovery periods greater than and equal to 320ms
· Option 2: Option 1 + additional upper limit of the interruptions
· Option 3: Only an upper limit of the interruptions
· Option 4: No interruptions allowed
· Other options are not precluded


Interruption requirements for D2D Discovery

The existing Rel-12 requirements on allowed interruptions were developed assuming single-carrier operation for D2D. Since RAN4 specifies minimum requirement and D2D Discovery UE is not always equipped with dedicated receiver chain, the requirements were derived assuming a single receiver chain that is shared between cellular operation and D2D operation.
The interruptions in RRC_IDLE state are specified in 4.5.2.1, and corresponding requirements in RRC_CONNECTED state are specified in 7.16.3.1 and 7.16.3.3. The existing interruptions allow the UE to cause interruptions in IDLE state as long as paging and system information reading are not interrupted. And in CONNECTED state, UE is allowed interruptions during RRC configuration and also during switching between WAN and D2D. 

It was proposed by some company(ies) to extend abovementioned interruption requirements to also cover multi-carrier operation. We understand that interruptions may be necessary to enable Discovery operation while in multi-carrier. However, it is important to highlight the consequence that such extension may bring to the cellular operation. Each such interruption of 1 subframe will cause interruption to PCell and all activated SCell(s) in contrast to Rel-12 case in which such interruption will only interrupt PCell operation. The consequences of interruptions have been highlighted in numerous contributions at previous meetings e.g. in [2, 3, 4]. 
· Observation #1: Significant impact on cellular performance is expected if existing interruption requirements on single-carrier operation are extended to multi-carrier operation. 
Although significant consequences are expected on cellular performance due to D2D interruption, it shall be further noted that no extensive analysis or study has been conducted in RAN4. However, we understand that interruptions are necessary since Discovery UEs can be equipped with single receiver chain. 
In Rel-12 the shortest Discovery periodicity was 320 ms. But in Rel-13, this periodicities is further shortened for public safety UEs. The new shorter Discovery periodicities specified in [5] are: [32,  64, 128, 256, 512, …] ms. This means that extending the Rel-12 interruptions directly to Rel-13 multi-carrier is not reasonable. 

As one way to reduce the negative impact due to interruptions, we propose that the frequency of such interruptions is considered. For example, a more strict requirement can be specified when Discovery periodicity is relatively short while a more relaxed interruption requirement can be specified when Discovery periodicities is relatively long. At low Discovery periodicity UE may need to switch between WAN and D2D often which means more interruptions caused on WAN. If this happens too often WAN performance could be severely impacted. However, at high Discovery periodicities, the impact is lower as this switching between WAN and D2D may not happen very frequently. At very high periodicities the impact due to interruptions can almost be negligible. Therefore we propose that the allowed interruptions for multi-carrier operation are specified as function of Discovery periodicity. 
· Proposal #1: Interruption requirements for D2D Discovery are to be specified by taking into account D2D Discovery periodicity. 
It shall be noted that a similar approach has been taken in related work in RAN4 previously. For example, it can be recalled from CA work in RAN4 that a maximum interruption rate of 0.5% was specified when DRX length is 640 ms [6]. This DRX cycle length is, however, twice the minimum Discovery periodicity (320 ms) for non-public safety discovery UEs and this number is a lot higher than the allowed Discovery periodicities for public-safety Discovery UEs. 
Based on the discussions on consequences from a WAN perspective, and on the need to allow such interruptions from a D2D perspective, we propose to use a slightly modified approach used for CA work  in RAN4 earlier. More specifically, we propose that the public safety Discovery UE is allowed to cause interruptions anywhere provided the maximum interruption rate of 0.5%. This corresponds to option 2 in proposal #3 in agreed way forward in [1].
· Proposal #2: Based on proposal #1, we propose that a maximum interruption rate of 0.5% is allowed for D2D Discovery. 
3 Conclusion
In this paper, we have discussed the open issue on interruption requirements for D2D Discovery when introducing multi-carrier operation support according to the way forward in [1]. Four options were identified in this way forward. We have provided discussions on this topic by analyzing the impact and need from a WAN- and D2D perspective. Accordingly, we have made following observation and proposals: 
· Observation #1: Significant impact on cellular performance is expected if existing interruption requirements on single-carrier operation are extended to multi-carrier operation. 
· Proposal #1: Interruption requirements for D2D Discovery are to be specified by taking into account D2D Discovery periodicity. 

· Proposal #2: Based on proposal #1, we propose that a maximum interruption rate of 0.5% is allowed for D2D Discovery. 
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