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1 Introduction
Multi-carrier Prose discovery is supported by the Rel-13 D2D enhancement WI [1]. RAN4 has been discussing the RRM impacts of multi-carrier Prose discovery for several meetings. In RAN4#77, WF [2] was agreed with the following proposals.
	· Proposal 1: RRM requirements for eD2D in TS 36.133 shall be extended to include all the supported multicarrier operating scenarios in Rel-13

· 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 Pell 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

· Proposal 4: FFS if for inter-frequency discovery transmission on SCell/non-serving carrier, the UE is allowed 2 subframes interruption per discovery announcement/SLSS within a discovery period.

· Proposal 5: RAN4 shall resolve the FFS in RAN4#78


The remaining RRM issues of multi-carrier Prose discovery are related to interruptions. In this paper, we will provide our views on how to define interruption requirements.
2 Discussion

Firstly, we want to highlight that in RAN4#76bis the following statement was agreed in Chairman Notes.

	Agreement: D2D Discovery gap includes the retuning time at least. 


In Rel-12 UE with a single RF chain shared between WAN and Prose discovery on PCell is not allowed to make any interruption. In Rel-13, Prose discovery with shared RF chain is supported with the introduction of discovery gap. The agreement in RAN4#76bis comes from the fact that the subframes used for frequency re-tuning can be considered as the overhead of the discovery gap. 
In RAN4#77 the latest RAN2 agreements about the discovery gap [3] was discussed, and one point that caused some reconsideration of the RAN4#76bis agreement is:
	· During transmission gap the UE prioritizes discovery transmission over any Uu UL transmission only when a conflict with discovery transmission including overhead occurs.


It means that the discovery TX gap is not exactly same as today’s measurement gap in the sense that eNB can still schedule the WAN UL during the gap as long as the UL subframes do not overlap with the discovery transmission and its related overhead. As only part of the subframes in the gap are actually used for discovery transmission or as related overhead, this option allows maximum use of UL resources. However, a consequent problem is that UE would need to switch the Tx chain between the WAN carrier and Prose carrier.

In RAN4#77 some companies raised the issue that interruption may still be needed during the discovery TX gap, since, UE TX chain is not tuned to the discovery frequency during the whole TX gap but only for the discovery transmission and related overhead. In another word, it means UE may has to switch between WAN carrier and discovery carrier for each discovery/SLSS transmission occurrence during the discovery gap, thus causing the interruptions. 

We share the same view for the UE behavior, and possible need for subframes for frequency re-tuning. However, the RAN2 LS states that UE should prioritize the discovery transmission including overhead during the gap, so by definition UE is allowed to not send WAN UL in the subframe before and after the discovery or SLSS transmission, if the subframe is used for re-tuning overhead. 
Therefore, this new re-tuning case should not be considered as interruption, and RAN4 can confirm that interruption during Prose discovery is not allowed when the corresponding discovery gap is configured.
Proposal 1: Interruption during Prose discovery is not allowed when the corresponding discovery gap is configured.
Next, we will discuss the interruption requirements assuming discovery gap is not configured, or equivalently a dedicated RF chain is used for the discovery. Interruptions in such cases are caused by turning ON/OFF the dedicated RF chain.

In Rel-12, interruption of 1ms is allowed before and after the UL subframes configured for Prose discovery. In our view, the same principle should be re-used in Rel-13 (extended to all active serving cells) as much as possible. On the other hand, many additional features are supported in Rel-13. Below we analyze the differences introduced in Rel-13 and how they impact the interruption requirements.

Discovery TX and RX

In Rel-12 only discovery RX is considered for the interruption, as the discovery TX on the PCell does not require any RF turning ON/OFF. In Rel-13 discovery TX on a different carrier than PCell may also cause interruptions. Moreover, unlike discovery RX for which UE needs to monitor all subframes in the resource pool, for discovery TX UE may only select a small subset of subframes for discovery, so the subframe for RF turning ON/OFF may be different from the resource pool. 
Although UE flexibility in selecting the subframes for turning ON/OFF may lead to better power saving, we think keeping the position of interruption subframes regulated is helpful to reduce the system impact. Also defining separate requirements for discovery TX and RX makes the spec more complex. Therefore, our preference is to define common requirements for TX and RX, based on the discovery resource configuration rather than the exact subframe UE performs the discovery.
Proposal 2: Interruption requirements are based on the discovery resource configuration rather than the exact subframe UE performs the discovery.
Discovery on serving and non-serving carrier

In Rel-12, the interruption requirements is assuming discovery is performed on PCC. In Rel-13 discovery can be performed on PCC, SCC and non-serving carrier, and the interruption requirement should take it into account. For discovery on serving carrier (PCC or SCC), what UE will do in terms of turning ON/OFF the RF chain is no different from in Rel-12. However, for discovery RX on an FDD non-serving carrier, UE may need additional frequency re-tuning in order to get prepared for discovery on the non-serving carrier, e.g. synchronization and measurement on the DL carrier followed by the discovery on the UL carrier.  
Based on above analysis, we think the interruption requirement can assume 2 subframes for RF turning ON/OFF per discovery period. 1 additional subframe of interruption for frequency re-tuning per discovery period can be allowed for discovery RX on an FDD non-serving carrier.

Proposal 3: 2 subframes of interruption for RF turning ON/OFF per discovery period are allowed. 1 additional subframe of interruption for frequency re-tuning per discovery period can be allowed for discovery RX on an FDD non-serving carrier. 
Discovery period
In Rel-12, the minimum discovery period is 320ms, which means interruption during Prose discovery is rather infrequent. In Rel-13 the discovery period can be as small as 40ms e.g. to support PS discovery. In order to restrict the system impact due to interruptions, we think it is reasonable to define an upper limit of interruption rate.
The exact value of the limit can be discussed. Our initial thinking is that it can be based on the interruption rate at 320ms discovery period, similar to how 0.5% interruption rate for CA SCell measurement was derived. With 2 subframes of interruption are allowed per discovery period, it translates into 0.625%, and for discovery RX on an FDD non-serving carrier, the limit is 0.9375%.

In order to make a unified requirement for all discovery periods, the limit can be defined as 2 / max(T_discovery, 320ms), or 3 / max(T_discovery, 320ms) for discovery RX on an FDD non-serving carrier.
Proposal 4: Interruptions are allowed to an upper limit of 2 / max(T_discovery, 320ms), or 3 / max(T_discovery, 320ms) for discovery RX on an FDD non-serving carrier.
3 Conclusions 

In this paper, we discussed the main differences between Rel-12 and Rel-13 Prose discovery, and the impacts of the differences on UE interruptions, and provided our preference on how interruption requirements are defined. 
We have the following proposals:

Proposal 1: Interruption during Prose discovery is not allowed when the corresponding discovery gap is configured.
Proposal 2: Interruption requirements are based on the discovery resource configuration rather than the exact subframe UE performs the discovery.
Proposal 3: 2 subframes of interruption for RF turning ON/OFF per discovery period are allowed. 1 additional subframe of interruption for frequency re-tuning per discovery period can be allowed for discovery RX on an FDD non-serving carrier.
Proposal 4: Interruptions are allowed to an upper limit of 2 / max(T_discovery, 320ms), or 3 / max(T_discovery, 320ms) for discovery RX on an FDD non-serving carrier.
A text proposal for the interruption requirements are given below based on the proposals.

	7.16.3.3
Interruptions during ProSe Direct Discovery
UE shall not cause any interruption for Prose discovery if the corresponding discovery gap is configured.
7.16.3.3.1 Prose discovery on serving carrier
The UE is allowed an interruption of up to 1 subframe that is N subframes before and after a UL subframe configured for ProSe Direct Discovery by the eNodeB. 

The value of N is ceil(w1 / 1ms) subframes when the parameter discSyncWindow[2] is configured with value w1 in the sidelink synchronization resource configuration associated with the ProSe Direct Discovery subframe.
The value of N is 1 subframe otherwise.
The interruptions are for both uplink and downlink of PCell and activated SCell(s). The interruption for the ProSe UE may occur:

· -
while switching a receiver chain ON/OFF for ProSe Direct Discovery if the UE has a dedicated receiver chain for discovery.
Interruptions are allowed with up to 2 / max(T_discovery, 320ms) probability of missed ACK/NACK.

7.16.3.3.2 Prose discovery on non-serving carrier

The UE is allowed interruptions of up to 2 subframe per discovery period configured by the eNodeB. An addition interruption of 1 subframe per discovery period configured by eNodeB is allowed for discovery RX on an FDD non-serving carrier.
The interruptions are for both uplink and downlink of PCell and activated SCell(s). The interruption for the ProSe UE may occur:

· -
while switching a receiver chain ON/OFF for ProSe Direct Discovery if the UE has a dedicated receiver chain for discovery;
· - while switching reception between UL and DL of Prose discovery carrier.
Interruptions are allowed with up to 2 / max(T_discovery, 320ms) probability of missed ACK/NACK. Interruptions are allowed with up to 3 / max(T_discovery, 320ms) probability of missed ACK/NACK for discovery RX on an FDD non-serving carrier.
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