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[bookmark: _Ref463014664]Introduction
The UE beam correspondence was extensively discussed in last RAN4 meetings. Although several proposals were made on how to test the requirement, the requirement itself has not been defined yet in TS 38.101-2.
In this contribution we propose to first focus on the definition of the minimum requirement and later finalizing testing aspects. 
Discussion
The need of a beam correspondence requirement was originally brought up in the first RAN4 ad hoc meeting on NR [1]. 
UE Tx/Rx beam correspondence (or reciprocity) was defined in RAN1 as follows [2]:
· Tx/Rx beam reciprocity at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on Transmission Reception Point indication based on uplink measurement on UE’s Tx beam.
In summary, the key role of beam correspondence (or reciprocity) in mmW communication consists in the possibility to use beam estimation in DL for UL transmission and vice versa. In case of correspondence between Rx and Tx beams, the results of the DL beam sweeping procedure is enough to find the optimal beam pair for both DL and UL transmissions. On the other hand, if correspondence does not hold, beam sweeping procedure has to be repeated for UL incurring additional overhead and also increasing the UE power consumption.
From the summary, it is clear that UE capable of beam correspondence will bring large benefits in terms of overall network efficiency. However, achieving correspondence might be challenging for UE due to mismatches between Rx and Tx RF signal paths. 
In last RAN4 meeting, companies focused on the test methods with the following alternatives being proposed [2]:
	Test method
	Pros
	Cons

	by LGE [4]
	- Evaluate difference of direction and power between Tx and Rx beam
	- Not simple test compare with QC proposal
- Need to know UE ant. Configuration and a lot of antennas.
- Difficult to decide the distance between antennas

	by MTK [5]
	- UE implicitly verify by using the spherical coverage test
	- Can not differentiate “full” and “partial” beam correspondence
-New concept for “partial” beam correspondence and too late to introduce in rel-15
- Adjacent UE can be impacted by  unmatched direction between Tx and Rx beam

	[3] by QC [6]
	- Simple test for power difference between Tx and Rx beam
	- No EIRP CDF test time saving for UEs with beam correspondence capability as beam sweeping is always required.
- Adjacent UE can be impacted by  unmatched direction between Tx and Rx beam



Although different test methods were proposed, it is still not clear what is the requirement definition:
· The metric to choose the test methodology for beam correspondence RF requirement is test simplicity to save the OTA test time.
· RAN4 will specify the minimum RF requirements of beam correspondence based on [5] to reduce the test time and test burden and inform to RAN WG5 for the test methodology of beam correspondence. 
· FFS how to capture the full beam correspondence RF requirements. 
Although requirement and testing are strongly related we propose to decouple the two issues and focus on the metric to be used in the test, i.e. the requirement definition in 38.101-2. 
In theory, given the definition of beam correspondence the requirement should be based on a mismatch between Tx and Rx pattern, thus involving Rx beam pattern measurement. As we observed in [7], this is impractical due to the difficulty in measuring the receiver antenna pattern. As a consequence, our preference is to base the requirement only on UE Tx measurement performed at the test equipment (TE).
Proposal 1: beam correspondence requirement should be only based on UE Tx measurements performed by the TE.
Note that this approach is consistent with test approaches proposed in [5] and [6]. 
Given proposal 1, the easiest approach would be to define the beam correspondence requirement based on EIRP.
Proposal 2: the metric to be used in beam correspondence requirement is EIRP.
So far, Proposal 1 and 2 are both consistent with the test procedures outlined in in [5] and [6]. The end goal of the requirement is to make sure that the best possible beams, i.e. the one resulting to higher EIRP towards the BS, is selected. Because of typical calibration issues and implementation constraints it is not always possible to guarantee that the best beam is selected, therefore a margin compared to the achievable EIRP in a given direction should be provided.  
Proposal 3: the EIRP measured in a given direction should be within a tolerance margin compared to the best achievable EIRP in the same direction.
The following definition for beam correspondence requirement summarizes our proposal 1, 2 and 3:
Proposal 4: definition of beam correspondence requirement in TS 38.101-2:
The beam correspondence requirement measures the ability of the UE to select a corresponding beam for UL transmission based on DL measurements. A corresponding beam is defined as follows:
For any link direction between UE and BS, the UE selected beam for UL transmission is a “corresponding beam” if the UE EIRP measured for the selected beam is within X dB from the maximum achievable EIRP in the same direction. XdB is the beam correspondence tolerance. 
To declare beam correspondence the UE shall be able to select a corresponding beam in any link direction. 
So far we only focused on the requirement definition. Our preference is indeed to identify a specific requirement for beam correspondence and decouple it from both power class and power control requirements. With the regards to the power class relationship, i.e. the EIRP CDF, we note that our approach has the following advantage:
· If needed, a capability can be defined which is independent on EIRP CDF.
· It allows to define the beam correspondence without the need of waiting for an agreement on the EIRP CDF which is controversial in RAN4.
Our preference is also to decouple it from open loop power control requirements, so different from what suggested in [8].
Moving now to the test definition, many observations were made about testing time. If possible, it is also our preference to have a test procedure which can at the same time test different requirements, e.g. beam correspondence and spherical coverage. However, at this stage it is not possible to decide on the requirement based on the test procedure. If we look at the spherical coverage as proposed in [5], the main issue is that the requirement itself is not defined and, as a consequence, relying on that test could lead to a very weak correspondence requirement. 
On the other hand, if RAN4 decides for a good spherical coverage requirement for Rel15, the possibility to reduce amount of testing by using a test procedure adopted for a different requirement might be considered. 
Proposal 5: RAN4 should define first the beam correspondence requirement in TS 38.101-2. Once the requirement is identified and specified, different options for the testing procedure can be considered, including applying a single test procedure to test multiple requirements. 
Conclusions
In this contribution we focused on the beam correspondence requirement to be specified in TS 38.101-2. Our preference is to first define the requirement based on system level needs, and once the requirement is specified to develop a test procedure which considers trade-off between complexity and accuracy. 
We presented the following proposals for the requirement specification:
Proposal 1: beam correspondence requirement should be only based on UE Tx measurements performed by the TE.
Proposal 2: the metric to be used in beam correspondence requirement is EIRP.
Proposal 3: the EIRP measured in a given direction should be within a tolerance margin compared to the best achievable EIRP in the same direction.
Proposal 4: definition of beam correspondence requirement in TS 38.101-2:
The beam correspondence requirement measures the ability of the UE to select a corresponding beam for UL transmission based on DL measurements. A corresponding beam is defined as follows:
[bookmark: _GoBack]For any link direction between UE and BS, the UE selected beam for UL transmission is a “corresponding beam” if the UE EIRP measured for the selected beam is within X dB from the maximum achievable EIRP in the same direction. X dB is the beam correspondence tolerance. 
To declare beam correspondence the UE shall be able to select a corresponding beam in any link direction. 
Regarding testing, we suggested the following approach:
Proposal 5: RAN4 should define first the beam correspondence requirement in TS 38.101-2. Once the requirement is identified and specified, different options for the testing procedure can be considered, including applying a single test procedure to test multiple requirements. 
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