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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, there are several papers from companies on the 4Rx UE RLM behavior and corresponding tests, but there was no agreement. In the ad-hoc session, the issue of 2Rx tests for 4Rx UE was discussed, and the agreement was captured in the Chairman Notes and copied below. 

·  All 2RX tests (RRM,RLM,demod,CSI) which test features supported by a 4RX UE need to be verified by the 4RX UE unless the 4RX applicability rules indicate that they do not need to be verified
· RAN4 to investigate 4Rx UE test method to ensure 2Rx tests could be passed by a properly implemented UE.
In this paper, we will provide our proposals on 4Rx UE RLM behavior and corresponding tests.  
2 Discussion

It is well known that 4Rx can provide the diversity gain, which means by using 4Rx can achieve the same demodulation performance at a lower SINR compared to 2Rx. The benefit of this diversity gain is therefore most visible when UE is at cell edge. In other words, a 4Rx UE can maintain the connection with the same quality as a 2Rx UE in a larger range of a cell, so the cell coverage can be effectively extended. We believe this coverage gain from 4Rx UE, which is expected to be with higher cost than 2Rx UE, is important for operators as it leads to better user experience (by reduced RLF), and allows more flexibility in the mobility configuration.   

In order to benefit from the coverage gain, 4Rx RLM should be defined, as otherwise a 4Rx UE would declare RLF at the same time as a 2Rx UE. Although there are some open issues (mainly the UE behaviour and corresponding tests) to be clarified with 4Rx RLM, we support the general principle to introduce the 4Rx RLM.   

Proposal 1: 4Rx RLM should be supported. 

One issue in the discussion of RLM behaviour of 4Rx UE is related to the fallback from 4Rx to 2Rx in order for power saving. We think this fallback is important in the real world for the 4Rx UE, e.g. when there is no DL traffic and/or when 4Rx cannot provide good performance gain over 2Rx. However, we think the number of Rx used for RLM and that used for PDCCH/PDSCH demodulation do not have to be same. For example, UE using 4Rx for RLM can still use 2Rx for PDCCH/PDSCH demodulation when it is in good radio condition. From UE implementation point of view, RLM should not be coupled with PDCCH demodulation, as UE is required to declare RLF at Qout even there is no PDCCH transmission.   
Proposal 2: Number of Rx used for RLM and for PDCCH/PDSCH demodulation does not have to be same. 

The UE behaviour and corresponding tests for 4Rx RLM have been addressed by companies in last RAN4 meeting, and the main proposals are summarized below.

1) The number of Rx used for RLM is controlled by network signalling [2-4]

2) The number of Rx used for RLM is up to UE implementation, but UE is trusted to use 4Rx RLM at the SINR of 4Rx Qout and when UE is continuously scheduled with PDSCH [5]

3) The number of Rx used for RLM is up to UE implementation, but UE should use 4Rx RLM when it finds using 2Rx RLM may not make the correct 4Rx RLM out-of-sync or in-sync decision [6]

In [2] we have analyzed different options, and our preference is option 1). The reasons are 

· Clear and predictable UE behaviour when it relates to the coverage is defined

· Operator has the flexibility to control the cell coverage as seen by the 4Rx UE and the tradeoff with power consumption

During the online discussion in last meeting, one concern raised regarding the signalling based solution is the lack of clear proposal and the impact to other working groups. We think the signalling from the network should be semi-static (i.e. RRC signalling) as the cell coverage should not be dynamically depending on instantaneous traffic or channel conditions. With this proposal, the details of the singling support should be discussed in RAN2, but there should not be major efforts required in RAN2 to introduce it.      

Proposal 3: The number of Rx used for RLM is controlled by network via RRC signalling. 
With above proposal, the tests of RLM functionality of a 4Rx UE should be quite clear. A 4Rx UE should pass the 2Rx RLM tests when network indicates to use 2Rx for RLM, and the current 2Rx test cases can be simply re-used. Similarly, a 4Rx UE should pass the 4Rx RLM tests when network indicates to use 4Rx for RLM, and the new test cases should be introduced with new SNR levels.   
In contrary, if option 2) or 3) is used to define UE behaviour, and if current 2Rx test cases are re-used, a properly implemented 4Rx UE could fail the tests as UE is allowed to use either 2Rx or 4Rx for RLM at the SNR condition of 2Rx Qout/Qin.   
Proposal 4: A 4Rx UE should pass the 2Rx RLM tests if network indicates to use 2Rx for RLM, and current 2Rx test cases should be re-used.
Proposal 5: A 4Rx UE should pass the 4Rx RLM tests if network indicates to use 4Rx for RLM, and new 4Rx test cases should be introduced.

Observation: If the number of Rx used for RLM is up to UE implementation, a properly implemented 4Rx UE could fail the 2Rx RLM tests if current 2Rx test cases are re-used.

3 Conclusions 

In this paper, we discussed the RLM behaviour and corresponding tests for a 4Rx UE, and made the following proposals and observation.  
Proposal 1: 4Rx RLM should be supported. 
Proposal 2: Number of Rx used for RLM and for PDCCH/PDSCH demodulation does not have to be same. 

Proposal 3: The number of Rx used for RLM is controlled by network via RRC signalling. 
Proposal 4: A 4Rx UE should pass the 2Rx RLM tests if network indicates to use 2Rx for RLM, and current 2Rx test cases should be re-used.

Proposal 5: A 4Rx UE should pass the 4Rx RLM tests if network indicates to use 4Rx for RLM, and new 4Rx test cases should be introduced.

Observation: If the number of Rx used for RLM is up to UE implementation, a properly implemented 4Rx UE could fail the 2Rx RLM tests if current 2Rx test cases are re-used.
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