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1      Introduction
In RAN2#81bis meeting, RLF handling for dual connectivity was analyzed in contributions [1-3]. The main reason for such discussion is that for dual connectivity, there are two different eNBs involved in the communication with the UE, MeNB and SeNB, which is different from Rel-10/11 CA where a single eNB services the UE. In this contribution, we analyze this issue. 
2      Discussion
In current specification, RLF is detected for following reasons [8]:
· upon T310 expiry

· upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running

· upon indication from RLC that the maximum number of retransmissions has been reached
After RLF is detected, UE performs RRC Connection Re-establishment procedure.

In current CA, radio link problem in SCells is not considered as RLF (further details are discussed below). It is straightforward to use this principle to dual connectivity as well. The reason is that if the radio link quality to MeNB is OK, there is no reason to perform RRC Connection Re-establishment.
Proposal 1: Radio link problems in SeNBs should not be considered as RLF, and therefore RRC Connection Re-establishment should not be initiated.

In the remaining part of the contribution, we focus the discussion on how MeNB can detect the radio link problem in SeNB and take necessary actions accordingly.
2.1     Radio link monitoring
In Rel-10/Rel-11, RLM is only performed on PCell, which is a result of extensive discussion in Rel-10 and Rel-11 [4-7]. The main reason for such agreement is that PCell can utilize CQI and measurement results to detect radio link problems in SCell, and PCell can deactivate/remove SCell if there is radio link problem. In addition, RACH on SCell can only be initiated by a PDCCH order, therefore the problem of UL interference is not severe. If we follow the same principle as Rel-10, we only need to consider whether to apply RLM for the special cell in SeNB as other SCells in SCG can be deactivated by the special cell.
The question is whether MeNB can prevent SeNB radio link failure as efficiently as in Rel-11 CA. It is necessary to remove SeNB in a timely manner since contention based RACH transmission and SRS transmission in SeNB can still cause interference. Measurement report is still available to MeNB, however whether CQI report for SeNB is available to MeNB needs further discussion.
In RAN2#84 meeting, it was agreed that one special cell in SeNB has configured PUCCH resources. Based on this agreement, UE should transmit CQI related to SeNB to SeNB directly, and MeNB is not aware of the CQI information of SeNBs. Mechanisms might be needed to facilitate MeNB to know the DL radio link problem of SeNB. We consider four options in this case, with the signaling shown in Figure 1 below.
· Option A: no change to current specification. In this option, it is assumed that measurement report alone is sufficient for MeNB to determine the radio link quality of SeNB. Whether the assumption is valid needs further discussion.
· Option B: in this option, UE performs radio link monitoring for SeNB. When T310 expires, UE indicates the radio link problem to MeNB. This approach introduces additional complexity at UE side.
· Option C: SeNB detects the radio link problem based on CQI and optionally based on measurement report forwarded by MeNB, and then informs MeNB about the radio link problem. This approach introduces additional signaling in X2 interface.
· Option D: CQI information for SeNB is provided to MeNB, so MeNB can detect radio link problem of SeNB. In this option, either UE or SeNB can send such CQI information to MeNB. The drawback is overhead either in air interface or X2 interface.
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Figure 1: Radio link monitoring when UE transmitting to both macro and SeNBs
From above discussion, it can be seen that there are ways (option A, C, D) to let MeNB to know whether there is radio link problem in SeNB. Introduction of RLM for the special cell in SeNB increases UE complexity and power consumption. Even if RLM is introduced, signaling should still be designed to let UE to inform MeNB about the radio link problem in SeNB since UE cannot autonomously release SeNB. Therefore RLM for SeNB causes unnecessary complexity and UE power consumption.
Proposal 2: RLM for special cell in SeNB is not necessary.
2.2     Random access problem
In current CA, if maximum number of preamble transmissions is reached, UE behavior is as follows [9]:
	-
If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

-
if the Random Access Preamble is transmitted on the PCell:

-
indicate a Random Access problem to upper layers;

-
if the Random Access Preamble is transmitted on an SCell:

-
consider the Random Access procedure unsuccessfully completed.


Basically, if the random access procedure fails, UE indicates a Random Access problem to upper layers only if the RACH preamble is transmitted on the PCell. This means that RLF is not declared when random access fails on an SCell. 
For dual connectivity, it was agreed that both contention-based and content-free random access procedure towards SeNB is supported. When UE initiates contention-free RA procedure towards SeNB, it might be necessary for either UE or SeNB to inform MeNB that there is RACH problem in SeNB. When UE initiates contention-based RA procedure towards SeNB, since only UE knows that there is a RACH problem, the only way is that UE informs MeNB that there is RACH problem in SeNB.
Observation 1: MeNB should be informed of RACH failure in SeNB.
2.3     RLC error
Current CA operation is transparent to RLC, which means that data of a single bearer can be transmitted to different cells. Therefore, when maximum number of retransmissions has been reached for an RLC AM entity, it does not differentiate whether this is caused by bad radio quality in PCell or SCell. 
In agreed user plane architectures 1A and 3C, since SeNB has its own RLC layer which has ARQ functionality, MeNB is not aware of the RLC error at SeNB. There are two ways to inform MeNB about the UL radio quality problem. Either UE or SeNB can inform MeNB about the UL radio quality problem. Note that SeNB might not know the exact timing when the maximum number of retransmissions has been reached for an RLC AM entity, but it may estimate such problem if some RLC SDUS are missing for a rather long time. 
Observation 2: MeNB should be informed in case of RLC error at SeNB. 
2.4     Summary
Considering the solution for all three aspects (RLM, RACH and RLC), it seems that one solution covering most cases is that SeNB informs MeNB about the radio quality problem. For contention based RACH towards SeNB, UE can inform MeNB about the RACH problem in SeNB.
Proposal 3: RAN2 to consider solutions for SeNB to inform MeNB about the radio link quality problem in SeNB. For contention based RACH towards SeNB, UE can inform MeNB about the RACH problem in SeNB.
3      Conclusion
In this contribution, we discuss the radio link quality detection issue for SeNB and have the following observations:

Observation 1: MeNB should be informed of RACH failure in SeNB.
Observation 2: MeNB should be informed in case of RLC error at SeNB.
We propose the following: 
Proposal 1: Radio link problems in SeNBs should not be considered as RLF, and therefore RRC Connection Re-establishment should not be initiated.


Proposal 2: RLM for special cell in SeNB is not necessary.
Proposal 3: RAN2 to consider solutions for SeNB to inform MeNB about the radio link quality problem in SeNB. For contention based RACH towards SeNB, UE can inform MeNB about the RACH problem in SeNB.
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