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[bookmark: _Ref298777854]Introduction
In RAN#67, the study on scope of 4RX requirements for UE was concluded. Based on the conclusions, a new work item was agreed [1]. 
The requirements in TS 36.101, assume that the UE is equipped with a dual receiver. For a 4 RX UE, requirements need to be investigated and possibly updated. The reference sensitivity is one of those requirements.
In RAN4#76bis it was decided [2] to treat the following bands in step-1 to complete the RF specification work 
· FDD bands: 1, 2, 3, 4, 7, 8, 20, 28 and 32
· TDD bands: Band 38, 39, 41 and band 42

During the ad-hoc meeting the following agreement was made [3]:
Agreements:
REFSENS on a band specific way.  Consider which bands that are “easy” and “difficult”.  One single delta for easy and one for difficult. Consideration of 4RX and CA at the same time is TBD.
For the next meeting, companies provide architectures for supporting 4RX and CA. 
In this paper, we will give our view on “easy” bands and “difficult” bands when it comes to REFSENS for 4RX UEs. We also propose a delta for REFSENS compared to two antenna ports. 
Discussion
It is likely most UEs equipped with 4AP on one or more bands will be in the high end segments. Those UEs often also are capable of CA, maybe not necessarily incorporating the same bands as used for 4AP. However, in the discussion so far it has been decided to work with requirements for 4RX not including CA and add a relevant relaxation afterwards.
Architecture for 4RX
Even though there could be very specialized devices with almost ideal conditions the more likely scenario would be a mobile, multi functional device including many different RF technologies (e.g. GSM, WCDMA, LTE including CA, WIFI, Bluetooth, GLONAS). In order to optimize the OTA performance in those devices, antenna sharing between different RF technologies is a likely scenario due to trade off between size, form factor and co-existence.  As an example antennas for LTE diversity and WiFi could be shared. For a given total antenna volume, which usually is the case for the above mentioned devices, it is not obvious that optimizing architecture for best reference sensitivity will give the best OTA performance. We therefore propose the following:
Proposal 1	Architectures facilitating antenna sharing between different RF technologies shall be considered for 4RX. 
Challenging bands
It is true that development since rel-8 has led to increased performance and consequently margin to requirements have been better. There is now a tendency in RAN4 to take the opportunity to use the margin to increase the REFSENS specification when a new feature (4AP) is introduced. To identify where a healthy margin exists and where the margin is too generous the concept of “easy” bands and “difficult” bands has been discussed.
Our view on bands with less margin on REFSENS is bands 1, 4, 28, 38, 39 and 42.
Proposal 2	Bands 1, 4, 28, 38, 39 and 42 shall be defined as “difficult” bands wrt REFSENS
Proposal for REFSENS
From a theoretical point of view the reference sensitivity will increase 3dB when going from 2AP to 4AP. Taking the implementation aspect into account it is unlikely the full 3dB will be achieved. For the “difficult” bands it would be unwise to reduce the small margin to REFSENS requirements further. We therefore propose to use the delta 2dB to REFSENS when going from 2AP to 4AP allowing 1dB increased implementation margin. A 2dB delta will allow for an antenna sharing topology.
Proposal 3	Apply the single delta of 2dB for “difficult” bands for 4AP REFSENS compared to 2AP

Conclusion
In this contribution we have discussed REFSENS for 4AP and the concept of “easy” bands and “difficult” bands. We have identified bands with less margin and proposed a delta for 4AP REFSENS.

Proposal 1	Architectures facilitating antenna sharing between different RF technologies shall be considered for 4RX.
Proposal 2	Bands 1, 4, 28, 38, 39 and 42 shall be defined as “difficult” bands wrt REFSENS
Proposal 3	Apply the single delta of 2dB for “difficult” bands for 4AP REFSENS compared to 2AP
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