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1.
Introduction

At RAN#71 a study on New Radio (NR) access technology was approved [1]. One of the aspects under consideration is the coexistence of NR with other RATs. 
In RAN2#94, a discussion paper was submitted to propose NR TX sharing with other RATs [2]. In this contribution, we motivate the need for RX sharing of NR concurrent RAT operation and present some design goals for the same. 

2.
RX sharing scenarios
In [2], we provided a few requirements and proposals for TX sharing. At the same time, RX sharing is also possible in many scenarios and needs study. In in-device coexistence (IDC) [3], a few cases have been discussed where one RAT’s RX can be interfered by another RAT. Next we will further expand the use cases of RX sharing in NR concurrent RAT.
2.1
Antenna sharing
Today smartphones/devices, the number of supported bands is getting larger. It’s simply a logistical requirement based on the device form factor that one RAT on its operating bands needs to share antenna with other RATs in some scenarios. For example, in LAA, it’s already happening that LTE SCell may need to share antenna with WiFi in some implementations. With NR added in concurrent RAT operation with LTE, there will be more scenarios that require antenna sharing.

Consider the following use case:

· NR or LTE is active on a PS call and configured with 3DL carriers;

· WiFi activity is triggered by the UE;
· From the perspective of service priority, if HLOS/device decides WiFi service and connection has higher priority, NR or LTE may need to vacate some antennas for a period of time to allow WiFi procedures to complete.
· This may cause NR or LTE to lose a few carriers and in the worst case, all carriers can be impacted.
Observation 1: Antenna sharing among the UE supported RATs may cause LTE/NR to share RX with other RATs. The sharing can be periodic or non-periodic.
2.2
In-device coexistence
As the number of supported bands increases, more IDC scenarios need to be addressed. For example, another RAT’s TX may interfere with one or more NR RX chains. A similar case can also happen between NR and LTE. Applying TX power back-off or blanking may reduce the interference. However, when the RAT using TX chain requires a guaranteed service quality, the affected RX chains may be completely blanked and this is the same effect of RX sharing case, i.e. one RAT is losing its RX chain.
Observation 2: As more bands are supported, IDC can cause RX sharing as well, especially in the case of LTE and NR NSA interworking.
3.
RX Sharing Requirements in NR Concurrent RAT Operation
Based on the previous analysis and discussion, RX sharing is required in NR concurrent RAT operation and should be studied.

Proposal 1: NR Concurrent RAT operation should allow UE RX Sharing across active connections with network cooperation/knowledge.
For RX sharing requirements, they are similar to what’s proposed for TX sharing in [2] in RAN2 #94. We re-state those requirements and the supporting description as follows.

To enable and adopt RX Sharing based NR concurrent RAT operation, it is important to optimize the sharing efficiency by introducing necessary mechanisms in NR. At the same time, it would be ideal if the design required minimal or no changes on the non-NR RAT. 
Requirement 1: NR Concurrent RAT RX Sharing design should introduce minimal or no changes on non-NR RAT.
There may be scenarios where network side coordination is feasible across concurrent connections, for example, dual-connectivity based evolved LTE + NR concurrent operation. However, this may not be always be possible or be cost-effective solution especially if the concurrent connections are on different RAT’s.
Requirement 2: NR Concurrent RAT RX Sharing should consider both network side coordination as well as no network coordination across concurrent connections depending on scenario.
Some of the use cases for NR Concurrent RAT operation are semi-static in nature where the pattern of RX sharing does not change frequently/if at all for the duration of the call. One example is when NR is active on a PS call, LTE may regularly use one NR RX chain to monitor its page activities. However, within the realm of semi-static RX sharing, a dynamic mechanism may also needed where the RX can be switched from one connection to another dynamically and need not follow any particular pattern. 
Requirement 3: NR Concurrent RAT RX Sharing should allow for both semi-static as well as dynamic RX sharing mechanisms.
4.
Summary
In this contribution, we have motivated the need for 5G Concurrent RAT design on RX sharing and gave a few use case. We have the following proposals and requirements:
Proposal 1: NR Concurrent RAT operation should allow UE RX Sharing across active connections with network cooperation/knowledge
Requirement 1: NR Concurrent RAT RX Sharing design should introduce minimal or no changes on non-NR RAT
Requirement 2: NR Concurrent RAT RX Sharing should consider both network side coordination as well as no network coordination across concurrent connections depending on scenario 
Requirement 3: NR Concurrent RAT RX Sharing should allow for both semi-static as well as dynamic RX sharing mechanisms
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