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1.  Introduction

In last RAN plenary meeting, SI for LTE DL 4 RX antenna ports has been finished. WI for LTE DL 4 RX antenna ports has been approved. [1] One of the objectives of this WI is to specify the UE RF requirements in sub-clauses 7.1-7.10 of 36.101 applicable to 4 RX antenna ports (AP). In this contribution, a detailed discussion has been carried out regarding REFSENS. 
2.  Discussion

UE REFSENS is defined on a band-specific base, with the condition of 2 RX antenna ports conventionally, considering main and diversity receivers equipped on UEs. UE REFSENS for 4 RX antenna ports should be defined as band-specific as well, while its reasons stated in another contribution of ours. [2] A generic approach to common LTE bands for studying REFSENS is carried out in this contribution, considering none of the bands has been selected as example bands. 

Firstly, the reference sensitivity power level REFSENS is the minimum mean power applied to four UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

It is assumed all four receivers are identical in theory. When two additional receivers are equipped with existing two receivers, the wanted signal power level is increased by 3dB, but the noise level stays the same.  Therefore, ideally, the sensitivity could improve by 3dB for 4 RX compared to 2 RX, to meet the SNR requirement for maintaining throughput for REFSENS test. 
In reality, rarely all the four receivers could have either identical realization or identical performance. The reasons are addressed as below:

1. Diversity receivers usually have less good performance than main receivers due to implementation and cost considerations. More integrated or compact front-end components would be used for diversity receivers. When two additional receivers need to be implemented on board, it is more challenging to maintain the size and cost. It could be anticipated that single diversity receiver performance may be compromised. 

2. When 4 receivers are on simultaneously. More than double LO power is required to support additional two diversity receivers. This would increase noise floor to all of the receivers. Similarly, two additional LNA would be on for receiving, which would increase power consumption and increase noise floor as well. Therefore, the noise received by all four receivers is increased in practice, rather than no change. Hence, the SNR improvement from 2RX to 4RX is less than 3dB.
3. The difficulty of realization of each band varies due to the nature of the spectrum allocation, TX/RX separation, bandwidth sets etc. It may be difficult to define a flat gain on REFSENS for all the bands and their bandwidth sets. In the comparable case of LC MTC, 2.5dB is agreed for single RX in general. 3dB is agreed as exceptions for certain bands and their bandwidth sets with more challenge. 
Considering all the reasons above, it is concluded that REFSENS is improved by [3] dB for UE with 4 RX antenna ports.  As discussed above and in [2], there are different levels of difficulty in implementation of different bands. Therefore, it is insufficient to conclude any new REFSENS value covering all of the bands. A case-by-case study is necessary.
Proposal: REFSENS shall be improved by [3] dB for UE with 4 RX antenna ports as baseline. Case-by-case study is necessary for specific band application. 
3.  Conclusion
In this contribution, a discussion on REFSENS for UE equipped with 4 RX antenna ports has been laid out. The proposal is summarized below:
Proposal: REFSENS shall be improved by [3] dB for UE with 4 RX antenna ports as baseline. Case-by-case study is necessary for specific band application. 
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