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1 Introduction
The SI “Study on LTE DL 4 Rx antenna ports” was approved in RAN#66. One of the objectives is that identify the scope and objectives of UE RF requirements for 4 Rx AP. This contribution provides some consideration for that.
2 Discussion

There’re many receiver requirements for 2 Rx AP, if the antenna ports are increased to 4, some RF performances may be changed. So there may be some thinking that every RF requirement should be redefined for 4 Rx APs, the existing receiver requirements are as following, 
· Reference sensitivity
· Maximum input level
· ACS
· Blocking
· Spurious response
· Intermodulation characteristics
· Spurious emissions
· Receiver image
It needs some analysis to find out if all of the requirements need to be redefined. There’re some assumptions in the analysis in this paper. We assume the RFIC channels for 4 Rx are identical with only some implementation difference, which should be very small and will not be considered in the discussion. For the other parts like filter, PCB, switch etc, we assume there’s some difference which will impact the small signal level performance because the noise figure is more important for small signal. But for relatively larger signal, the RF channel for the 4Rx can be considered identical.
2.1 REFSENS
As the REFSENS is small signal, it’s very sensitive to the noise figure of UE. From system level consideration, it’s also useful for some high end UE to have good REFSENS. 4Rx UE will have more diversity gain than 2Rx gain because of MRC algorithm. But according to the 2Rx UE design experience, only about 2 dB diversity gain could be reached for 2Rx compared to 1Rx, because usually Tx/Rx path is prioritized and optimised considering the Tx performance. For the diversity path, the PCB trace length, multiplexing issues, etc. will face more challenge, as a result to cause worse performance than the main path. When more Rx paths are added to the UE, the component placement and PCB layout will be more challenge than 2Rx UE especially for the smart phones. It’s very hard to find more room to add 2 more paths. So even if 2 dB more diversity gain could be reached need some consideration. 

Suggestion 1: The REFSENS for 4Rx should be redefined but the requirements could be discussed further in the WI considering the possible more diversity gain than 2Rx.
2.2 Other Rx requirements

For the following requirements, the received signals are relatively large signal compared to the NF of the received path, the performances are related to the Rx linearity or filters design.
· Maximum input level
· ACS
· Blocking
· Spurious response
· Intermodulation characteristics
· Spurious emissions
· Receiver image
When doing the test, the received signal and the interfering signal are applied to each receiver antenna port. For the interfering signal test, like ACS, Blocking, Spurious response and Intermodulation, as both the signal and the interfering signal are correlated between the antenna ports, there’s no gain for more antenna ports like REFSENS. So 4Rx and 2Rx performance will be the same for ACS, Blocking, Spurious response and Intermodulation. But as the requirements are the value related to REFSENS and the REFSENS for 4Rx needs to be redefined, the interfering requirements for 4Rx may need to be rewritten according to the new REFSENS requirement. But there is another choice that letting the UE fall back to 2 Rx mode to test the interfering requirement, then the existing specification can be left with no change. We slightly prefer the second choice.
Suggestion 2: The following requirements for 4Rx UE could be tested when the UE falls back to 2Rx mode, the requirements need not to be changed.
· ACS
· Blocking
· Spurious response
· Intermodulation characteristics
For Spurious emissions and Receiver image, the linearity capability for each antenna port is same, so there will not have any difference performance for 4Rx compared to 2Rx.
Suggestion 3: The following 2Rx requirements could be reused by 4Rx, how to test the UE could be left to RAN5.
· Maximum input level
· Spurious emissions
· Receiver image
3 Conclusion
We did some analysis about the scope of the SI “Study on LTE DL 4 Rx antenna ports”, and the following suggestions are given.
Suggestion 1: The REFSENS for 4Rx should be redefined but the requirements could be discussed further in the WI considering the possible more diversity gain than 2Rx.
Suggestion 2: The following requirements for 4Rx UE could be tested when the UE falls back to 2Rx mode, the requirements need not to be changed.
· ACS
· Blocking
· Spurious response
· Intermodulation characteristics
Suggestion 3: The following 2Rx requirements could be reused by 4Rx, how to test the UE could be left to RAN5.
· Maximum input level
· Spurious emissions
· Receiver image
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