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1 Introduction
The WI of DL 4 Rx attena 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 this paper, we will provide our analysis of the feasibility of specifiying new RLM requirements with 4 Rx.   
2 Discussion
It is well known that 4 Rx reception can provide diversity gain, and thus better coverage as well as cell edge performance [2] over 2 Rx reception. In other words, a UE using 4 Rx would have the operation point in lower SNR than a UE using 2 Rx, and can thus stay in a cell by an extended range.
The UE’s stay in a cell is determined by the RLM process. As specified in Section 7.6 of 36.133, UE shall estimate the downlink radio link quality from CRS and compare it to the thresholds Qout and Qin. The thresholds Qout and Qin can be considered as the SNR corresponding to certain block error rate of a hypothetical PDCCH transmission using the specified transmission parameters.  
The thresholds Qout and Qin are determined by UE implementation, and it is obvious that a UE employing 4Rx for reception can achieve the same block error rate at a lower SNR level than another UE employing 2 Rx. On the other hand, if there is no 4 Rx RLM related requirement or test, UE may still assume 2 Rx for Qout and Qin evaluation in the RLM process, and declare radio link failure earlier than what it can handle with 4 Rx. Therefore, we see a need to define 4 Rx RLM related requirement or test, so that a 4 Rx capable UE can benefit from better coverage and cell edge performance, which will further lead to a better system level performance. 
Observation 1: 4 Rx RLM related requirement or test is needed to harvest the benefit of coverage and cell edge performance from empoying 4 Rx.
During the SI phase, some companies raised the concern [3] on UL/DL coverage imbalance if only the coverage in DL is improved by defining 4 Rx RLM related requirement or test. In our opinion, some scenarios may be DL-limited e.g. when more Rx antennas are employed at eNB side, and in such cases there is clear benefit to improve the DL coverage if UE uses 4 Rx for reception. Even in the scenarios where the coverage is limited by UL e.g. with the 4 Rx DL coverage improvement, eNB can still handle the coverage issue by some implementation based mechanisms. Therefore, we think it is feasible to define 4 Rx RLM related requirement or test even it is only improving DL coverage.
Observation 2: It is feasible to define 4 Rx RLM related requirement or test even it is only improving DL coverage.
One issue to be clarified is the applicability of the 4 Rx RLM related requirement or test. One general objective of the WI is 
· The demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains. Fallback to 2 Rx AP in other scenarios should be allowed.
We understand the idea behind is that using 4 Rx for DL reception will lead to considerable increase in UE power consumption, so it should be used opportunistically, i.e. when the gain in throughput and coverage can justify the penalty in power consumption. 
It is then a question if the 4 Rx RLM related requirement or test always applies. If that is the case, UE is expected to always use 4 Rx for control channel demodulation, and UE power consumption can be a problem. If the use of 4 Rx for Qout and Qin evaluation is fully opportunistic, there will be a problem to define the test case.
Observation 3: The applicability of the 4 Rx RLM related requirement or test needs to be clarified.
3 Conclusions 
In this paper, we analyzed the necessity and feasibility of defining 4 Rx RLM related requirement or test, and made the following observations. 
Observation 1: 4 Rx RLM related requirement or test is needed to harvest the benefit of coverage and cell edge performance from empoying 4 Rx.
Observation 2: It is feasible to define 4 Rx RLM related requirement or test even it is only improving DL coverage.
Observation 3: The applicability of the 4 Rx RLM related requirement or test needs to be clarified.
4 References
[1] RP-150427, New Work Item: LTE DL 4 Rx antenna ports, Ericsson
[2] R4-151065, On the 4Rx AP operation in LTE DL, Nokia Networks, Nokia Corporation
[3] R4-150074, Scope of demodulation and RRM requirements for 4 Rx UE, Qualcomm Incorporated

