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1 Introduction

The remaining issue at last meeting with respect to RLF handling in Dual Connectivity is whether the UE shall inform MeNB of the physical layer problem for PScell. 
This remaining issue mentioned above involves two aspects:

1. Whether the UE could detect the physical layer problem in PScell by itself? That is to say, whether there is RLM function for PScell in the UE?

2. If RLM is introduced for PScell, whether the UE shall inform MeNB of the problem?

This contribution will mainly focus on the remaining issue
2 Discussion
The need of RLM for Scell has already been discussed in Rel-10/11 CA, and was considered unnecessary. This was because the eNB could detect the physical layer problem either by CQI or by RRM measurement reports. 

The main drawbacks of this method are below:

1. The measurement period of MR is long and the basis of MR is RSRP/RSRQ, so the measurement results could not exactly represent the real radio condition of the air interface between Scell and UE, which would result in the missing of RLF;

2. The CQI is only an indirect indicator indicating the highest acceptable MCS but not the SINR for the radio condition, and the error rate could be up to 10% [1]. This would result in the wrong RLF i.e. the MeNB may regard the physical layer problem as the RLF based on the inaccurate CQI.

Though these drawbacks may lead to the missing of RLF or wrong RLF detection, the UE traffic is not influenced at all when CA is used, since all the Scells belong to the same eNB and connected with ideal backhaul.
2.1 Whether RLM for PScell in UE or not?
2.1.1 Necessity of RLM for PScell
Different from Rel-10/11 CA, Dual Connectivity involves two or more eNBs connected with non-ideal backhaul. So, missing of RLF and wrong RLF detection could be critical.
Once there is a wrong RLF detection in PScell due to inaccurate CQI report, the MeNB will inform the SeNB of the RLF, send the message generated by SeNB to release the serving Scell or SeNB which will significantly affect the per-UE throughput.

If a RLF in PScell is detected based RRM measurement, the MeNB will take some action e.g. to inform the SeNB of the RLF or release the SeNB directly. But these will take place in relatively longer time. And before that UE will continue uplink transmission e.g. CQI and SR autonomously. Thus will lead to higher uplink interference
However, if RLM is introduced for PScell, there will not be any missing RLFs and wrong RLF detections, and the QoS of the bears on PScell and the per-UE throughput could be ensured. With the RLM function for PScell in UE, the UE could autonomously stop the uplink transmission, and uplink interference will be minimized.
Observation 1: Different from Rel 10/11 CA, RLM function for PScell is much more beneficial
2.1.2 Comparison between RLM and RRM in terms of Power Consumption 
According to current specification [2], the physical layer in the UE shall every radio frame assess the radio link quality in no-DRX mode operation and shall at least once every DRX period assess the radio link quality in DRX mode operation. In following text it is assumed that physical layer carries out M assesses during every RRM measurement period. M should be smaller enough to satisfy the accuracy requirement in [3]
1. The DRX function is not enabled, or  the DRX function is enabled with the DRX cycle less than 0.01s:

In this case, the evaluation period of both RLM and Measurement is 200 ms [3], so the assess interval for RLM is 10 ms according to the specification while the assess interval for Measurement is 200/M ms. So the ratio of the assess interval between RLM and Measurement is 10:200/M.
2. The DRX function is enabled with the DRX cycle between 10ms and 40ms:
In this case, The assess interval for RLM is the length of DRX cycle according to the specification and the assess interval for Measurement is 200/M ms. So the ratio of the assess interval between RLM and Measurement is DRX_cycle:200/M.
3. The DRX function is enabled with the DRX cycle between 40ms and 2560ms:

In this case The assess interval for RLM is the length of DRX cycle according to the specification. The assess interval for RRM Measurement is (5* DRX_cycle)/M ms. The ratio of the assess interval between RLM and Measurement is 40:200/M.
It is clear that 10:200/M< DRX_cycle:200/M<=40:200/M. From the above analysis it could be concluded that the assess interval of RLM is getting closer to the assess interval of Measurement as the increasing length of DRX cycle in use, and they are equal when M = 5. 
Observation 2: The power consumption of the RLM for PScell  is getting close  to RRM measurement if DRX is configured on SeNB
2.1.3 Complexity of RLM for PScell
From the perspective of standardization, having the RLM function for PScell in UE requires an additional T310 and an additional set of counter N310 and counter N311, while the other operations could simply base on current specifications. 
From the perspective of implementation, the physical layer of the UE shall monitor two PCells at the same time when having the RLM function for PScell in UE.
Observation 3: To introduce RLM function for PScell is not complicated.
Proposal 1: RLM function should be support for PScell in UE.
2.2 Who to inform in case of RLF in PScell?
If Proposal 1 is agreeable, it will also be necessary to determine whether the UE shall inform MeNB of the physical layer problem for PScell. There are basically two alternatives:
1. The UE informs the SeNB of the PScell RLF. Upon receiving indication from UE, the SeNB can either decide to change PScell or release itself.
2. The UE inform the MeNB of the PScell RLF. Upon receiving indication from UE, the MeNB could take two different measures:

1) The MeNB could release the SeNB or
2) The MeNB could send the RLF indication to SeNB for further action.
Because RLF occurs the uplink signalling to indicate RLF between UE and SeNB is also not so reliable. So alt1 takes the risk to lose the RLF message. So alt2 should be approved. In addition this message could be the same message to contain RACH failure or RLC failure agreed at last meeting.
Proposal 2: UE should inform the MeNB of RLF
3 Conclusion 
Observation 1: Different from Rel 10/11 CA, RLM function for PScell is much more beneficial
Observation 2: The power consumption of the RLM for PScell  is getting close  to RRM measurement if DRX is configured on SeNB
Observation 3: To introduce RLM function for PScell is not complicated.
Proposal 1: RLM function should be support for PScell in UE.
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