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1 Introduction

Beam correspondence has been widely discussed in RAN1 and RAN4, and joint session was held in November meetings but without any consensus as can be seen in [1] and [2] also copied below.
	Agreement: 

1. RAN4 work on core requirements and performance requirements doesn’t depend on the decision of whether beam correspondence is mandatory or optional. 

Conclusion

2. Majority of companies in the session consider the decision of beam correspondence as mandatory or optional can be made before RAN4 finish the potential remaining work. 

a. Intel and Huawei have concern that RAN4 requirement for beam correspondence must be completed before deciding this FG as mandatory or optional. 

b. OPPO, Intel, MTK, LGE have concern that definition of beam correspondence is not complete in RAN4. 

i. Note: There are multiple proposals on the definitions which are under RAN4 discussion. 

c. Huawei, Intel, vivo, OPPO and MTK have concern that RAN4 may not compromise to relaxed requirement reflecting different UE implementation.  

d. LGE has concern on the beam correspondence test methodology and requirement on UEs with different Tx and Rx antenna elements

e. Note: it is RAN1 and RAN4’s understanding that this conclusion doesn’t bias to any of 5 alternatives. 


This paper gives some technical analysis on the beam correspondence capability which need to be considered before made the decision on the mandatory or optional.
2 Discussion
2.1 Beam correspondence requirements
The beam correspondence definition, requirements and test methods are defined in RAN4 spec. 

The definition of beam correspondence is:
	UEs which support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management.


RAN4 decided to use the implicit test method to verify the UE beam correspondence capability to save test time. More specific, if UE can fulfil the minimum peak EIRP and spherical coverage requirements without relying on network-assisted UL beam management then the UE can pass the test.

2.2 UE implementation aspects
From the test method above it can be seen that UE has to rely on its beam correspondence capability to meet the peak EIRP and spherical coverage requirements.
In [3], the UE reference architecture for mmW has been introduced, also shown in Figure 1. From the figure it can be seen that PA is used in Tx chain and LNA is used in Rx chain both with different phase rotators. It makes the Tx and Rx beamforming will not always be the same in direction and strength as shown in Figure 2 especially for the case when UE with different Tx and Rx antenna implementations. This has also been pointed out in [4].
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Figure 1 mmW UE reference architecture
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Figure 2 Tx and Rx beam illustration

Observation 1: It is expected that Tx and Rx beam will have some deviation in direction and strength especially for UEs with different Tx and Rx antenna configurations.
When RAN4 define the peak EIRP and spherical coverage requirements, the beam correspondence capability and its implementation constrains have not been considered which makes the UE with beam correspondence capability will fail the peak EIRP and spherical coverage requirements. 

Observation 2: Beam correspondence capability and its implementation constrains have not been considered when RAN4 define the peak EIRP and spherical coverage requirements.

In [4], some of the implementation constrains has been discussed which include codebook mismatch between DL measurement and Tx transmission, Rx beam selection error caused by large RSRP measurement uncertainty, imperfect UL/DL reciprocity caused by RF component differences in UL and DL, etc. Therefore, the relaxation of peak EIRP and spherical coverage requirements for beam correspondence test has been proposed in several RAN4 meetings by several companies. 
Observation 3: Implementation constrains need to be considered for UE with beam correspondence, relaxation of peak EIRP and spherical coverage requirements for beam correspondence test is needed.

As discussed in previous section, with current requirements and test methods, it will unnecessarily restrict UE to implement same Tx and Rx antennas. For UEs with different Tx and Rx antenna configurations, the current requirements are not applicable.

Observation 4: Current beam correspondence requirements unnecessarily restrict UE to implement same Tx and Rx antennas and not applicable to UEs with different Tx and Rx antenna configurations.

Current RAN1 and RAN4 discussion have not considered potential impacts from SAR requirements. In current UE RF implementation, proximity sensor is widely used to avoid very high Tx power when the handset is near to the human body. For FR2, it is reasonable to expect that the peak beam direction will avoid pointing at human body. This is due to the use of proximity sensor and follow the SAR regulation requirement. However, when beam correspondence is set as mandatory, handset will be forced to use same beam direction for Tx and Rx. As a consequence, the UE implementation freedom on passing SAR requirement is cancelled due to the mandatory BC requirement. The ultimate effects from such BC requirement is the risk of UE failing on the SAR requirements, which is actually very critical for cellular industry to meet the fundamental healthy and environmental regulation. 
Observation 5:  Mandatory beam correspondence requirement will lead to risk of UE failing on the SAR requirements.

Based on the above discussion, we have got following proposals.
Proposal 1: Define Beam correspondence as an optional capability in Rel-15.
3 Conclusion
Observation 1: It is expected that Tx and Rx beam will have some deviation in direction and strength especially for UEs with different Tx and Rx antenna configurations.
Observation 2: Beam correspondence capability and its implementation constrains have not been considered when RAN4 define the peak EIRP and spherical coverage requirements.

Observation 3: Implementation constrains need to be considered for UE with beam correspondence, relaxation of peak EIRP and spherical coverage requirements for beam correspondence test is needed.

Observation 4: Current beam correspondence requirements unnecessarily restrict UE to implement same Tx and Rx antennas and not applicable to UEs with different Tx and Rx antenna configurations.

Observation 5:  Mandatory beam correspondence requirement will lead to risk of UE failing on the SAR requirements.
Proposal 1: Define Beam correspondence as an optional capability in Rel-15.
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