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1. Introduction

A WF on UE RF requirements for mmWave was approved in the RAN4#80bis meeting [1]. This contribution follows up the WF especially for metric on Rx requirements.
2. Discussion
The agreed WF [1] for Rx requirements is the following.

· Sensitivity Requirement
· Whether the EIS equation in R4-168318 can be taken as baseline should be studied
· How to determine the values of different parameters should be further studied
· How spatial coverage will be defined should be studied
· Maximum input power
· How to define the requirement should be studied
· Blocking Requirements
· It should be studied how ACS and blocking requirements will be defined
· Whether and how spatial characteristics will be taken into account (direction of arrival of wanted and aggressor signals)
· Testing complexity should be taken into account
· For in-band blocking, it should be studied how to derive the requirements
· R4-168394 can be used as reference for scenarios to consider
· For out of band blocking, realistic values taking into account available information on actual possible blockers should be considered
· Companies are invited to share information on the systems deployed around the bands of interest in different regions such that necessary requirements can be identified
· Blocking requirements considering that sub6GHz and above 24GHz systems will co-exist should be studied
· Rx intermodulation
· How to define the requirement should be studied, similarities/commonalities to the blocking requirements should be considered
· Rx spurious emissions
· How to define the requirement should be studied
· Whether/how beamforming should be taken into account should be studied
Below we discuss each Rx requirement one by one.

REFSENS

It was already agreed to introduce EIS. The required orientation and the equation are discussed in [2, 3].
Maximum input level
This requirement verifies the receiver’s endurance against intense wanted signal. In order to guarantee the performance assuming actual operation, we propose to introduce at least EIS (i.e. peak of the beam). How to feed such a high power in OTA needs to be further studied taking test equipment feasibility into account.
Proposal 1: Maximum input level should be specified in at least EIS. The testability should also be investigated.
ACS, Blocking requirements, Rx intermodulation
These requirements verify the receiver’s ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies. To properly test the ability, it is required to specify the worst condition where required blocker level is appropriately injected at the reference point. 

In this regard, given that unwanted signal can also be beamformed, the worst condition of these requirements is a case that the blocker comes from the same direction as the wanted signal (i.e. peak of the beam). It, however, was pointed out in the last meeting that it may not be the case considering NR UE architecture. Figure 1 is an extract of NR RF front-end from Intel and Qualcomm’s paper [4, 5].
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Figure 1: NR RF front-end extracted from [4, 5]
In this block diagram, there is LNA between antenna and phase shifter to minimize NF, which means that received noise reaches at LNA before beamformed. In this case, the same direction may not be always the worst case. Therefore, we propose to investigate if this is the common NR architecture first. Based on the outcome, we will be able to discuss how to define the metric.
Proposal 2: It should be confirmed if UE architecture that there is LNA between antenna and phase shifter is the common NR architecture. Based on the outcome, the worst case for ACS, Blocking requirements, Rx intermodulation should be identified and how to specify them should be determined.
Rx spurious emissions
This requirement should be specified in at least TRP in order to properly convert conventional (conductive) requirements to OTA. If only EIRP is adopted, there will be power leak in spatial and the total radiated emission cannot be measured. Since it is still not sure if Rx BF can impact the test result, it is also proposed to investigate the effect.
Proposal 3: Rx spurious emissions for UEs supporting mmWave should be specified in at least TRP and it should be investigated whether Rx BF can impact the test result or not.
3. Conclusion
Based on the above, we propose the followings for UE RF Rx requirements in mmWave.
Proposal 1: Maximum input level should be specified in at least EIS. The testability should also be investigated.
Proposal 2: It should be confirmed if UE architecture that there is LNA between antenna and phase shifter is the common NR architecture. Based on the outcome, the worst case for ACS, Blocking requirements, Rx intermodulation should be identified and how to specify them should be determined.
Proposal 3: Rx spurious emissions for UEs supporting mmWave should be specified in at least TRP and it should be investigated whether Rx BF can impact the test result or not.
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