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1 Introduction
The WI of DL 4 Rx antenna ports [1] has been approved at RAN#67 meeting. On the RRM core requirement, the objectives of the WI are 

· Study feasibility of RLM requirements with 4 Rx antenna 

· The outcome of the feasibility study is decision on whether RLM requirements need to be specified.

· Specify RLM requirements based on the outcome of the above feasibility of using 4 Rx for RLM requirements

In last RAN4 meeting, the discussion on feasibility of 4Rx RLM in terms of UL/DL imbalance continued. Moreover, there were extensive discussions on the test condition of the 4Rx RLM, and in [2] it was agreed that 
· Further analysis invited on possible test condition for 4RX RLM, and whether signalling is useful to address potential power consumption issue

In this paper, we will briefly re-iterate our views on the feasibility and the setup for 4Rx RLM, and provide detailed analysis on the test condition for 4Rx RLM (if introduced).  

2 Discussion

As we stated in [3] and also during the online session in last RAN4 meeting, our view is that 4Rx RLM is feasible from UL/DL imbalance point of view, as the possible UL coverage problem (due to increased coverage when UE using 4Rx) can be detected and handled by eNB implementation.

Proposal 1: 4Rx RLM is feasible from UL/DL imbalance point of view. 

On the setup of the 4Rx RLM (if introduced), we keep the same view as last meeting [3] that the parameters (CCE aggregation level or power boosting level) of the hypothetical PDCCH transmission from Rel-8 should be reused, as the 4Rx gain in terms of control channel efficiency is more relevant to demodulation tests.
Proposal 2: 4Rx RLM (if introduced) is tested with Rel-8 PDCCH transmission parameters but lower SNR levels. 

The test condition of 4Rx RLM was heavily discussed in last RAN4 meeting but without any agreement. In our view, it is not reasonable to agree on the test condition if the UE RLM behaviour is not clarified in RAN4, so in the following we will first analyze some possible UE behaviours, and also give our preference. The test condition can be then designed such that UE, according to its behaviour, is expected to use 4Rx RLM under the condition.

Option A) Always use 2Rx RLM

This option means 4Rx RLM is not introduced, and 4Rx RLM will not be tested. It is considered as a possible UE behaviour when no reasonable behaviour that involves 4Rx RLM can be identified. The drawback of this option is that 4Rx capable UE can only stay in the cell with the same coverage as 2Rx UE, and the diversity gain of 4Rx over 2Rx cannot be fully utilized.  
Option B) 2/4Rx RLM is determined by UE implementation
This option leaves it to UE implementation to determine whether 2Rx or 4Rx is used for RLM. The test condition would be defined such that UE will likely to use 4Rx for demodulation and RLM. One example is continuous PDSCH scheduling, similar as what was agreed for PDCCH demodulation tests. There are several drawbacks with this problem: 

1) It is not consistent with the original motivation of RLM framework, which is to enable UE to detect radio link quality when there is no PDCCH transmission. It should be noted that the PDCCH transmission in RLM requirements is hypothetical, and in Rel-8 RLM test cases no PDCCH or PDSCH is transmitted.

2) It may happen that UE’s stay in the cell is dependent on the traffic. Typically UE will determine the 2/4Rx usage based on the traffic activity, channel condition and battery condition, and among them the traffic activity could change dynamically. For example, sometime after dense traffic UE may determine to fall back to 2Rx, and in this case UE will claim RLF.
3) If UE is in the 4Rx area (where it would have claimed RLF using 2Rx for RLM), it may not be able to decode PDCCH with acceptable error rate, thus may not be able to detect the traffic activity correctly.  
Option C) 2/4Rx RLM is controlled by network 

With this option, UE will follow the indication from networks to use 2Rx or 4Rx for RLM. The test can be done with network indicating 4Rx RLM. It can avoid the first two drawbacks with Option B), but the problem of PDCCH decoding in the 4Rx area is still there, i.e. UE may not be able to decode PDCCH with acceptable error rate when it is using 2Rx for demodulation. 

One possible solution is to define the UE demodulation behaviour. For example, UE should always use 4Rx for demodulation when in the 4Rx area. However, this will lead to power waste when UE is in the cell edge but with small traffic. Alternative could be that UE periodically reads network indication with 4Rx, similar as DRX operation.    
Proposal 3: RAN4 to discuss and agree on the UE RLM behaviour, options include
· Option A) Always use 2Rx RLM;

· Option B) 2/4Rx RLM is determined by UE implementation;

· Option C) 2/4Rx RLM is controlled by network.

Our preference is Option C), and the UE demodulation behaviour should also be specified at least for 4Rx area. With this, the 4Rx RLM can be tested under the condition that network indicates UE to use 4Rx for RLM, without any PDCCH transmission.

Proposal 4: UE behaviour should follow Option C), and the 4Rx RLM is tested under the condition that network indicates UE to use 4Rx for RLM, without any PDCCH transmission. 

3 Conclusions 

In this paper, we continued the discussion from last RAN4 meeting on the feasibility and setup for 4Rx RLM. The test condition is proposed based on a detailed analysis on the possible UE RLM behaviours.
Specifically, we have the following proposals.\

Proposal 1: 4Rx RLM is feasible from UL/DL imbalance point of view. 

Proposal 2: 4Rx RLM (if introduced) is tested with Rel-8 PDCCH transmission parameters but lower SNR levels. 

Proposal 3: RAN4 to discuss and agree on the UE RLM behaviour, options include

· Option A) Always use 2Rx RLM;

· Option B) 2/4Rx RLM is determined by UE implementation;

· Option C) 2/4Rx RLM is controlled by network.

Proposal 4: UE behaviour should follow Option C), and the 4Rx RLM is tested under the condition that network indicates UE to use 4Rx for RLM, without any PDCCH transmission. 
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