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1 Introduction
This contribution provides the consideration of REFSENS for 4Rx antenna ports single carrier UE.
2 Discussion

2.1 Diversity gain
If the conducted diversity gain is considered, 2 Rx to 1 Rx diversity gain can be recalled to understand the theory more clearly. The conducted diversity gain is related to two parts: base band MRC diversity gain and the RF chains’ performance. The base band MRC diversity gain for 2 Rx is 3 dB compared to 1 Rx in theory. But when taking RF chains into account, the total diversity gain is very difficult to reach 3 dB. Primary path is usually prioritized when the hardware is designed because Tx performance is very important. The diversity path may use a different performance filter or use a common switch with other parts. The PCB layout and routing are also not in high priority for diversity path. All of the aspects may cause the diversity path’s NF larger than primary path. When the 1 Rx MTC REFSENS was discussed, the requirement for 1 Rx is 2.5 dB relaxed to the 2 Rx UE. That’s because the real UE only has about 2 ~ 2.5 dB diversity gain, relaxing 2.5 dB is approximately the primary path’s performance.

Regarding diversity gain of 4 Rx to 2 Rx, the same reason causes the less than 3 dB diversity gain. Actually, for 4 Rx UE, the third and fourth diversity paths are more difficult to have good performance because the room is already very limited for the UE. If two more paths are added to the board, the PCB layout and routing will be very challenge especially for smart phones. So from implementation point of view, 2 ~ 2.5 dB diversity gain for another two RF paths is reasonable.
2.2 System level consideration
As the network is deployed to support both 2 Rx UE and 4 Rx UE, the coverage needs to consider the 2 Rx UE REFSENS. 4 Rx UE is mainly designed for supporting 4 layers not for better REFSENS. Better 4 Rx UE REFSENS will not bring much benefit to the coverage. Considering 4 layers performance, UE will not support 4 layers at the cell edge and usually the interference not the UE NF dominates the noise. So very stringent 4 Rx REFSENS will not benefit the 4 layers’ performance either. Therefore, from system level consideration, there’s not much benefit from very stringent 4 Rx UE REFSENS.
2.3 REFSENS requirement for 4 Rx UE
Based on the system and implementation considerations, we think for single carrier 4 Rx REFSENS requirements, it’s reasonable to define 2 ~ 2.5 dB diversity gain to 2 Rx. Not very stringent requirement will let smart phones to be implemented more easily and the network performance will not be harmed at the same time.
3 Conclusion
This contribution provides the consideration of REFSENS for 4 Rx single carrier UE from implementation and system points of view. The suggestion is that 2 ~ 2.5 dB diversity gain for 4 Rx to 2 Rx is used to define the REFSENS for 4 Rx single carrier UE.
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