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1 Introduction
The RRM core requirements for Rel-13 WI [1] Enhanced LTE Device to Device Proximity Services have been completed in RAN4#78. In RAN4#78bis, there are some discussions on applicability rule of the Rel-13 requirements in terms of number of serving and non-serving carriers, as well as on the problem of aggregated WAN interruption due to Prose operation on multiple carriers. WF [2] was agreed, and the issues to be further discussed are copied below.
	· For Interruption requirements with ProSe

· RAN4 is to study the maximum number of configured serving component carrier for which the requirements apply. 

· RAN4 is to study the need for specifying the maximum number of non-serving carriers for ProSe for which the requirements apply.

· RAN4 is to further study the impact of WAN interruptions due to ProSe operation on non-serving carrier (with and without gaps) when more than 1 non-serving carrier. 


In this paper, we will discuss the applicability rule of Prose requirements and the necessity of specification based on our understanding, as well as the solution for the aggregated WAN interruption.    
2 Discussion
Applicability

In 36.133, the RRM requirements for CA are defined to be applicable only for the supported band combinations up to the release of the specification. The rules are captured in Section 3.6.1, and the band combinations are defined in 36.101. In RAN4#78bis, some companies proposed to define similar applicability rule for Prose requirements.  

In 36.101, the operating bands for Prose are defined in Section 5.5D. In particular, E-UTRA Prose is designed to operate concurrent with E-UTRA uplink/downlink on the operating bands combinations listed in Table 5.5D-2.
Table 5.5D-2 Inter-band E-UTRA ProSe / E-UTRA operating bands 

	a) E-UTRA ProSe Band Note 1
	b) E-UTRA band / E-UTRA CA band Note 2

	2
	4

	
	CA_2-4Note 3

	28
	1

	
	CA_1-28Note 3

	NOTE 1:
As specified in Table 5.5D-1

NOTE 2:
As specified in Table 5.5-1 and Table 5.5A-2

NOTE 3:
Applies when E-UTRA uplink is assigned to one E-UTRA band and ProSe operation is restricted to the uplink frequencies paired with either PCC or SCC.

NOTE 4:
The concurrency for E-UTRA ProSe Direct Discovery with E-UTRA uplink/downlink applies after allowing for any transmission and/or reception gap requested by the UE.


Our understanding of Section 5.5D of 36.101 is that 

· Concurrent Prose and WAN operation, where UE performs Prose transmission and/or reception on the Prose carrier(s) while in the same subframes performs WAN UL and/or DL, is limited to the band combinations in Table 5.5D-2. 

· As concurrent operation is more resource efficient than non-concurrent operation, in particular when UE has dedicated RF chain for Prose operation, this is a clear limitation and should be mentioned in 36.133. 

· Number of serving carriers is limited to up to 2.

· Number of Prose carriers is not limited if Prose is performed on non-serving carriers, but Prose must be performed on serving cell if WAN is configured with CA.
· For non-concurrent Prose and WAN operation, there is no limitation on the number of serving carriers or Prose carriers.  
However, it is not clear how to map the concurrent operation in 36.101 to different RRM requirements in 36.133. For example, the interruption requirements defined in Section 7.16.3 are differentiated by whether Prose discovery gap is requested by UE or not, whether the limitation due to concurrent operation applies to both cases or not needs to be clarified in RAN4. 
Observation 1: Concurrent Prose and WAN operation is limited to the band combinations defined in Table 5.5D-2 of 36.101.
Observation 2: Number of Prose carriers is not limited if Prose is performed on non-serving carriers. 
Proposal 1: Specify the applicability rule for concurrent operation Prose and WAN operation, and clarify the meaning of concurrent operation in 36.133.  
Aggregated interruption

The interruption defined in Section 7.16.3 of 36.133 is per Prose operation basis. For example, if UE is performing Prose operation on two carriers and the Prose resources on the two carriers are not aligned (with different time offset compared to the PCell timing), UE may need to request separate gaps or cause separate interruptions for each Prose carrier. If UE is causing 0.5% missed ACK/NACK due to Prose operation on one carrier, the total or aggregated missed ACK/NACK rate as seen on WAN (PCell or any activated SCell) would be in worst case 1%. When the number of Prose carriers increases to e.g. 8 as allowed by RAN2 signalling, the aggregated interruption may cause severe impact to WAN operation.

In RAN4#78bis, some companies proposed to define the applicability rule of the existing interruption requirements based on certain configuration of network configuration on the periodicity of Prose resources on each carrier. In our understanding, this implies some restrictions in the network implementation, because otherwise there is no interruption requirement for UE, so it is not a preferred solution in our view.
For Prose discovery current spec in Section 7.16.3 includes interruption requirements for 
· The case where UE does not request any TX/RX gap 
· Prose discovery on serving carriers. In this case, network may control whether UE can do Prose or not by not providing Prose resources to the UE. Also network knows where the interruption would happen, so the impact of aggregated interruption is still manageable by the network. Therefore, we don’t see a strong need to handle the aggregated interruption if Prose is on serving cells.
· Prose discovery on non-serving carriers. In this case, network may not be able to control whether UE can do Prose on the carrier or not, and the location of interruptions is unknown to the network, which means there could be a lot of “unexpected” interruptions due to the multi-carrier Prose operation. We think some solutions should be introduced to handle this case.
· The case where UE requests gap to perform Prose discovery. In this case, network can control whether to grant the discovery gap to the UE or not. For example, if network considers the aggregated gaps due to multi-carrier Prose operation is too large, it can reject the gap request from the UE for the concerned carrier. Therefore, we think this case can also be handled by network implementation. 
For Prose communication current spec in Section 7.16.4 includes interruption requirements for Prose on non-serving carriers. Similarly, we think some solutions should be introduced to handle this case.
Proposal 2: Introduce solution to handle aggregated interruptions due to multi-carrier Prose operation for Prose discovery (without gap) and communication on non-serving carriers. 

One straightforward solution in our view is to define the aggregated interruption rate. 
For Prose discovery on non-serving cell (without gap), the interruptions to serving cell(s) is allowed with up to min(0.5%, 6/discPerid*100%) probability of missed ACK/NACK. This is for each Prose operation, and for multi-carrier operation, we can scale the interruption rate while keeping an upper limit with e.g. min([2]%, n*6/discPerid*100%), where n is the number of non-serving carriers on which UE is performing Prose discovery without gap. 
For Prose communication on non-serving cell, the interruptions to serving cell(s) is allowed with up to 0.5% probability of missed ACK/NACK. Similarly as for discovery, an upper limit for multi-carrier operation can be defined, e.g. [2]%.

Proposal 3: Define aggregated interruption rate as min([2]%, n*6/discPerid*100%) for discovery and [2]% for communication.    

3 Conclusions 

In this paper, we discussed the remaining issues for the RRM core requirements for Prose in Rel-13. For the applicability rule of the Prose requirements in terms of number of serving and Prose carriers, our view is that the limitation of concurrent operation should be specified. For the aggregated interruption due to multi-carrier Prose operation, our view is to define the requirements for aggregated interruption rate.
Specifically, we have the following observations and proposals.
Observation 1: Concurrent Prose and WAN operation is limited to the band combinations defined in Table 5.5D-2 of 36.101.
Observation 2: Number of Prose carriers is not limited if Prose is performed on non-serving carriers. 

Proposal 1: Specify the applicability rule for concurrent operation Prose and WAN operation, and clarify the meaning of concurrent operation in 36.133.   
Proposal 2: Introduce solution to handle aggregated interruptions due to multi-carrier Prose operation for Prose discovery (without gap) and communication on non-serving carriers.
Proposal 3: Define aggregated interruption rate as min([2]%, n*6/discPerid*100%) for discovery and [2]% for communication.
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