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1 Introduction
For UE supporting UL MIMO and PC2 implements with 23+23 PA, the power class capability when configured with single antenna port has been discussed for many meetings. In RAN4#93, most of the CR [1] contents were agreeable, however, it was not agreed finally due to whether Tx emissions and SEM requirements shall be verified under two antenna connectors or not.
It was confirmed during online discussion that Rel-15 specification changes of this issue can still be proceeded in RAN4#94. Therefore, this paper further discuss on these issues.
2 Discussion
2.1 23+23 and Tx diversity
This is a long history topic, in RAN4#86 meeting (Feb 2018) WF [2] was agreed as below, it is clear that NR PC2 HPUE will have two kinds of PA configurations, one is 1T with 26dBm PA, the other is 2T with 23+23. Now these two kinds of UE already on the market and 3GPP compliant.
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5G NR PC2 HPUE definition for SA scenario:

*UL MIMO (2Tx 23+23dBm) with total output power of 26dBm is supported by
specification for NR Bands n77,n78,n79

* 1Tx +26dBm HPUE is also supported by specification for NR Bands n77,n78,n79

Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by
specification for NR TDD bands for PC2 UE in Rel-15





Observation 1: UEs with 23+23 PA configurations to support 26dBm HPUE is 3GPP compliant.
In RAN4#90 meeting (Feb 2019), the discussion of enabling Tx diversity with 2PAs was initiated. After that a lot of discussions are happened on whether RAN4 spec should cover this Tx diversity since RAN1 spec does not define this function, and also how to test this kind of UE in the basic transmission mode (single layer). After almost a year discussion, there is no consensus on introducing Tx diversity in RAN4 spec. This actually impacts the above agreements, i.e. UE using 23+23 PAs to support 26dBm because this kind of UE when working on basic transmission mode if same power class is required to be kept then UE has to use Tx diversity function. 

In order to decouple the discussion of 23+23 to support 26dBm, and the discussion of Tx diversity, paper [1] proposes a possible solution, i.e. UE with 23+23 PA configurations to support 26dBm in UL MIMO mode is allowed to declare whether PC2 or PC3 can be supported in basic transmission mode. The idea itself is agreeable to all the companies. 
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Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or
‘multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBj is assumed..

A UE supporting power class 2 and UL-MIMO configured as specified in clause 6.2D.1 in any NR band. shall meet the
requirements 6.2.1 for' .





Observation 2: Allow UE to declare whether PC2 or PC3 can be supported in basic transmission mode decouples the discussion of 23+23 UL MIMO and Tx diversity.

Observation 3: With this change, UE can use 23+23 to support 26dBm in UL MIMO and use 1 PA transmission in basic transmission mode with PC3 in Rel-15.

Observation 4: With this change, Tx diversity is not supported in Rel-15 RAN4 specification.
Proposal 1: It is proposed to agree on “A UE supporting power class 2 and UL-MIMO configured as specified in clause 6.2D.1 in any NR band, shall meet the requirements 6.2.1 for either power class 2 or power class 3.”

Proposal 2: Inform RAN5 that UE Tx diversity is not supported in RAN4 Rel-15 specification.
2.2 Tx emissions and SEM requirements
Currently, the Tx emissions and SEM requirements for UL MIMO follows the LTE UL MIMO evaluating method, i.e. tested in each antenna connector. It was pointed out that the SEM and Tx emission requirements actually comes from regulation requirements, therefore, UE shall comply with these requirements using two antennas transmission. Evaluating UE with one antenna is 3dB less than regulatory.

Observation 5: Evaluating UE with one antenna is 3dB less than regulatory.
Also, it has been pointed out that during MPR simulation the emission requirements are based on single antenna performance, now if the emission requirements are changed to dual antenna performance, then MPR should also be revisited. In other words, MPR and emissions are combined requirements.
Observation 6: MPR need to be revisited if SEM and Tx emission requirements are changed from one antenna to two antennas.

Proposal 3: MPR, SEM and Tx emissions are revisited together due to change requirements from one antenna to two antennas.
Re-visiting of MPR, SEM and Tx emission core requirements may need several meetings and big changes to Rel-15 spec at this stage which actually is not preferable. Besides, the change of completed Rel-15 core requirements will have impacts to UE development and certification because many UEs already on the market or under development. How to handle these UEs before and after the core requirement changes need to be taken into consideration.

To solve the issues above, the following solutions can be considered:
· Option 1: Keep Rel-15 MPR, SEM and Tx emissions unchanged
· Pros: Avoid confusion in Rel-15 UE development and certification
· Cons: RAN4 requirements are looser than regulation requirements

· About the inconsistency between 3GPP requirements and regulatory requirements in option 1, actually in our understanding, there has never been guaranteed that the 3GPP requirements are always consistent with regulatory requirements all over the world and there is no guarantee that UE pass 3GPP tests will pass regulatory tests either. Regulation requirements can be guaranteed by regulatory certifications themselves.
Observation 7: It has never been guaranteed that the 3GPP requirements are always consistent with regulatory requirements all over the world.

Observation 8: UE passes 3GPP tests does not necessarily mean it will pass the regulatory tests.

Observation 9: Regulation requirements can be guaranteed by regulatory certification themselves.
· Option 2: Change Rel-15 MPR, SEM and Tx emissions together
· Pros: Make RAN4 spec is consistent with regulatory requirements
· Cons: 

· Time consuming, the re-evaluation of Rel-15 requirements may cost several meetings even after Rel-16 is frozen;

· Much impact to UE development and certification

· About the impacts to UE development and certification in option 2, actually can be eased by the proposed “specification effective transient period” which was proposed in last meeting. The “specification effective transient period” means the new requirements will not be tested in RAN5 conformance test for several months to give time for the UE development and test system revalidation. In this way, the impacts to UE develop and certification might be acceptable. 
· About re-evaluating the MPR requirements according to the new SE/SEM requirements, RAN4 needs to be careful on this especially considering the long time it may consume.
Observation 10: The impact to UE development and certification caused by changing Rel-15 requirements can be eased by “specification effective transient period”, i.e. new requirements will not be tested in RAN5 conformance spec for several months.

Observation 11: Re-visiting MPR, SEM and Tx emission may need several meetings which makes Rel-15 specs unstable.

Based on the above considerations, keep MPR, SE, SEM unchanged in Rel-15 and do the changes in Rel-16 might be a better way to go if the re-evaluating MPR requirements for Rel-15 is considered as not a quick discussion.
Proposal 4: Change MPR, SEM and Tx emissions in Rel-16 and keep Rel-15 unchanged considering the time limitations.
3 Conclusion
23+23 and Tx diversity
Observation 1: UEs with 23+23 PA configurations to support 26dBm HPUE is 3GPP compliant.

Observation 2: Allow UE to declare whether PC2 or PC3 can be supported in basic transmission mode decouples the discussion of 23+23 UL MIMO and Tx diversity.

Observation 3: With this change, UE can use 23+23 to support 26dBm in UL MIMO and use 1 PA transmission in basic transmission mode with PC3 in Rel-15.

Observation 4: With this change, Tx diversity is not supported in Rel-15 RAN4 specification.

Proposal 1: It is proposed to agree on “A UE supporting power class 2 and UL-MIMO configured as specified in clause 6.2D.1 in any NR band, shall meet the requirements 6.2.1 for either power class 2 or power class 3.”

Proposal 2: Inform RAN5 that UE Tx diversity is not supported in RAN4 Rel-15 specification.

Tx emissions and SEM requirements
Observation 5: Evaluating UE with one antenna is 3dB less than regulatory.
Observation 6: MPR need to be revisited if SEM and Tx emission requirements are changed from one antenna to two antennas.

Proposal 3: MPR, SEM and Tx emissions are revisited together due to change requirements from one antenna to two antennas.
Observation 7: It has never been guaranteed that the 3GPP requirements are always consistent with regulatory requirements all over the world.

Observation 8: UE passes 3GPP tests does not necessarily mean it will pass the regulatory tests.

Observation 9: Regulation requirements can be guaranteed by regulatory certification themselves.
Observation 10: The impact to UE development and certification caused by changing Rel-15 requirements can be eased by “specification effective transient period”, i.e. new requirements will not be tested in RAN5 conformance spec for several months.

Observation 11: Re-visiting MPR, SEM and Tx emission may need several meetings which makes Rel-15 specs unstable.

Proposal 4: Change MPR, SEM and Tx emissions in Rel-16 and keep Rel-15 unchanged considering the time limitations.
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