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1.
Introduction
In RAN4#92-Bis WF for Tx div was agreed. WF had four main items and among those a bullet:

“Clarify the UL-MIMO sub-clause 6.2D.1 in 38.101-1 Rel-15 without changing implied UE behaviour e.g. Remove or further clarify the sentence: If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.””

Discussion continued in the RAN4#93 Reno [5] but with no agreements. In this paper we discuss UL MIMO requirements and how they should be clarified.  
2. 
Discussion
2.1
UE supporting or UE configured for UL MIMO

Requirements in 38.101 series are for features and that means if UE supports e.g. a band, it is tested against requirements for that band. If it supports a CA configuration involving that same band, testing against requirements set for that CA configuration are not exempting UE from meeting requirements for that band. There are exceptions such as ΔTI,B and ΔRI,B where the fact that UE general requirements are impacted merely by that UE’s support for inter-band CA. In this case, the dependency is written into the general requirements. Similarly if UE supports UL MIMO, it is tested against requirements for UL MIMO but meeting those UL MIMO requirements do not exempt UE from meeting general requirements. 

Observation 1: If UE supports UL MIMO, it still has to meet general requirements. 

Currently RAN4 specification uses language that requirements are valid for UE supporting UL MIMO. This is confusing statement since it implies UE would be exempted from meeting general requirements. If the intention would be to do that, the sentence “UE supporting UL MIMO” should be in the general part or perhaps even in 4.2 but instead 4.3 says: 

”A terminal which supports the above features needs to meet both the general requirements and the additional requirement applicable to the additional clause (suffix A, B, C and D) in clauses 5, 6 and 7. Where there is a difference in requirement between the general requirements and the additional clause requirements (suffix A, B, C and D) in clauses 5, 6 and 7, the tighter requirements are applicable unless stated otherwise in the additional clause..”

Similar issue is with language “For UE with two transmit antenna connectors” which only appear in sections dedicated for UL MIMO. It is a fair assumption that UE that supports UL MIMO will have at least two antenna connectors but there may be other reasons for having two or more antenna connectors such as multiple bands or antenna switch diversity or even SRS antenna switching to some degree.  
Observation 2: Usage of language “UE supporting UL MIMO” or “UE with two transmit connectors” to refer UE requirements is confusing
RAN4 should change the language for above mentioned parts. RAN1 also changed their specification language [3]. It is more clear, or even wrong to refer “UE Supporting UL MIMO” and correct refence should be UE configured for UL MIMO. 
Proposal 1: Change language in Ran4 requirement specifications from “UE supporting UL MIMO” and “UE with two transmit connectors” when referring to UL MIMO requirements to “UE configured for UL MIMO”

We have provided a CR with needed changes [6]. 

2.2
UL MIMO Emissions referred to each antenna connectors

When UE configured UL MIMO, or exact wording “The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission” and maximum output power is defined to be “measured as the sum of the maximum output power at each UE antenna connector.”
Observation 3: UE output power is summed for UL MIMO

For emissions language is as follows:

“For UE supporting UL MIMO, the requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters are specified at each transmit antenna connector.
For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclause 6.5.2 apply to each transmit antenna connector.”
Observation 4: UE emission requirements are defined per connector

In both cases, the requirement is the same as general requirement i.e. output power is the same as for that power class in general requirements and emissions are the same as for general requirements, intended for single antenna connector and should apply for UE. It is strange why this was done so.  
This is language was copied from LTE with [7] without much discussion. Looking in to LTE history how this specification got there, the TR [8] explains section 6.6B that there was an assumption that in UL MIMO, UE output power would scaled by 3 dB per antenna connector and therefore also emissions would be scaled by 3 dB and even emissions would not be summed, a fair estimate would be that emissions would not be failed in the UE level.     

Observation 5: The current specification for UL MIMO was assuming that each PA power is backed off by 3 dB from their maximum power  
2.3
PC2 UL MIMO with two 23 dBm PAs

When implementation has PA that is capable for ½ of the declared UE power class, the assumptions with what the specification was created are not valid anymore. There are two solutions to overcome this problem. 1) RAN4 can disallow such an implementation in its documentation. The agreement that is said to allow this type of implementation is possibly [9] but the language is very unclear and it also could be read in a way to merely concern implementation with 26 dBm PA’s. 2) RAN4 can change how the emissions are defined when PA operates at its maximum output power level also when configured for UL MIMO.
Observation 6: Assumptions for implementation have changed since the LTE specification for UL MIMO was created and therefore NR specification should be written in a different way

With knowledge of upcoming enhancement for multi TX port devices in Rel-16, our preference is the latter choice and fix the specification to support all kinds of implementations. 

Proposal 2: Update the UL MIMO emission requirements to support implementation where PA’s operate at declared UE power class power level when configured for UL MIMO. 

To execute the proposal 1, we have provided a CR [6] to introduce proper changes. 
Conclusion
We discussed the confusing terminology in Ran4 specifications for UL MIMO and made the following observations

Observation 1: If UE supports UL MIMO, it still has to meet general requirements. 
Observation 2: Usage of language “UE supporting UL MIMO” or “UE with two transmit connectors” to refer UE requirements is confusing
And to clarify the text, we made one proposal

Proposal 1: Change language in Ran4 requirement specifications from “UE supporting UL MIMO” and “UE with two transmit connectors” when referring to UL MIMO requirements to “UE configured for UL MIMO”

To understand better UL MIMO requirements, we made the following observations

Observation 3: UE output power is summed for UL MIMO

Observation 4: UE emission requirements are defined per connector
Then we looked back and found out what assumptions were made when the discrepancy between observation 3 and 4 was initially agreed and made the following observation:
Observation 5: The current specification for UL MIMO was assuming that each PA power is backed off by 3 dB from their maximum power  
Observation 6: Assumptions for implementation have changed since the LTE specification for UL MIMO was created and therefore NR specification should be written in a different way
To correct the specification to reflect new assumptions, we made one proposal: 

Proposal 2: Update the UL MIMO emission requirements to support implementation where PA’s operate at declared UE power class power level when configured for UL MIMO. 

References:

[1]
R4-1913067, “Summary of Tx diversity and eMIMO full power transmission”, Ericsson, 3GPP TSG-RAN WG4 meeting #92bis, Chongqing, China, 14 – 18 October 2019
[2]
R4-1902801, “RAN4#90 Meeting Report”, ETSI MCC, 3GPP TSG-RAN WG4 Meeting #90bis, Xi'an, China, 8th - 12th April 2019 (see R4-1901883)

[3]
R1-1907955 (RP-191283), “Correction on PUSCH power scaling”, 3GPP TSG-RAN WG1 Meeting #97, Reno, USA, May 13th – 17th, 2019
[4]
R4-1913224, “CR on UL MIMO correction of reference planes (Cat.F)”, Qualcomm, 3GPP TSG-RAN WG4 Meeting #93, Reno, NV, USA, 18 – 22 Nov 2019

[5]
R4-1916138, “Correction of transmitter characteristics for UL-MIMO: powerclass 2 and fallback”, Ericsson, 3GPP TSG-RAN WG4 Meeting #93, Reno, NV, USA, 18 – 22 Nov 2019
[6]
R4-2000354, “CR on Correction on UL MIMO Emission requirements and alignement with RAN1 terminology”, Qualcomm Incorporated, 3GPP TSG-RAN WG4 Meeting #94-e, Online, , 24th Feb 2020 - 6th Mar 2020
[7]
R4-1805783, “Draft CR for 38.101-1 for Tx(Ch6) of Band n77, n78 and n79 RF requirements”, CMCC, 3GPP TSG-RAN WG4 Meeting #86bis, Melbourne, AUS, 16th - 20th Apr, 2018
[8]
3GPP TR 36.807, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception”

[9]
R4-1816615, “WF on PC2 UL MIMO”, Huawei, HiSilicon, Qualcomm, RAN WG4 #89, Spokane USA, Feb. 2018
