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1.
Introduction
In RAN4#91 Reno lengthy discussion on enabling PC2 UL MIMO happened. No agreements were made despite the presented CRs. In this paper we explain background and motivation for the changes that would be needed. 
2. 
Discussion
2.1 Background
 This discussion can be considered to begin in RAN4#84-Bis Dubrovnik with LS from RAN1 [1] that informed that: “For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification”. Later RAN1 also made similar agreements for DFT-s-OFDM in RAN1-NR-AH#3 Nagoya. This agreement means UE is allowed to implement diversity schemes and specifications should not limit the implementations. For RAN4 this maybe a difficult task since requirements need to allow diversity schemes and it reflects also RAN5 since e.g. output power is difficult to test if TE does not know how UE decides to diversify the TX signal to multiple antenna connectors. Since then, RAN4 made agreements [2]:

· Clarify in the Rel-15 specification on ambiguous requirements for UE supporting UL MIMO
· Maximum output power 

· Clarity in the spec that if PC2 UE is configured for transmission on single-antenna port, the requirements of the same power class in subclause 6.2.1 apply for the UE.

· How to configure for transmission on single-antenna port is up to UE implementation
These confirm the ran1 agreement and say that UL MIMO has no separate power class. However, the ran1 agreement is valid also for UE’s that do not support UL MIMO. 

2.3 Antenna ports and UE capabilities
NR and agreement on transmit diversity has broaden the concept of antenna port from LTE in practice. In RAN1 terminology, antenna port is something UE is configured for. Also in RAN1, there are two notions that should be distinguished: 1) UE is configured for certain number of antenna ports and 2) transmissions can be configured using these ports. If UE declares support for maxNumberSRS-Ports-PerResource  as > 1 then UE can be expected to have two or more antenna ports. Number of supported MIMO layers is declared with maxNumberMIMO-Layers and this parameter can have values regardless of the number of ports UE declares including number 1. For example, UE can be configured for two TX ports and then transmission can be configured to one or two ports. Two port transmissions can be for one or two layers and all these can be for codebook-based transmissions or non-codebook based transmissions. In addition, UE can be configured for transmissions without configuring TX ports. And furthermore, there are transmissions for SRS and PUCCH that can for one or two ports simultaneously.     

Observation 1: UE can be configured for one or two antenna ports and transmissions canbe configured for one or more antenna ports.

2.2 Transmission modes and their requirements in RAN4
RAN4 currently has “basic” requirements, the ones without any suffix, and requirements for UL MIMO under suffix D. UL MIMO transmissions sets some additional requirements to RF hardware and it should be tested separately but the purpose of UL MIMO RAN4 RF tests are to verify UE is able to transmit different signals from two antenna ports simultaneously. “Basic” requirements cover the cases when UE is not configured for any or is configured for one antenna port. RAN4 has not defined requirements when UE is configured for two antenna ports, but transmissions are configured for one antenna port. Neither has RAN4 defined requirements when transmissions are configured for two ports for 1-layer signal. RAN1 requirements mandate UE to scale power for some cases depending on how SRS’s are configured but not all so it may make sense not to define those since it would be more a test for power scaling rather than max power capability of the UE and then RAN4 would need to define all different ways to configure UE for non-codebook and codebook based transmissions and antenna ports. In summary, it makes sense to specify requirements when UE is configured for single antenna port and when UE is configured for two antenna ports and ensure UE meets requirements for output power, emissions, signal quality etc. for those two cases. RAN4 can make the assumption that if UE supports two antenna ports, it also supports 2-layer UL MIMO so merging requirements for two antenna ports and UL MIMO is meaningful. 
Observation 2: Basic requirements in RAN4 cover UE requirements when transmissions is configured for one antenna ports and UL MIMO sections cover requirements for RF when UE is configured for two antenna ports

Observation 3: RAN4 has not set requirements for case when UE is configured for two antenna ports but signal configuration is for 1-layer. 
2.4 Antenna virtualization and how to enable it
The question how antenna ports should be mapped to antenna connectors seems to be a bit more difficult since the RAN1 agreement of transparent TX diversity. It allows for UE to transmit any one-layer UL grant from one or more antenna connectors and this is irrespective if UE supports UL MIMO or not. Antenna virtualization was explained in [3]. RAN1 agreement leaves RAN4, and RAN5, without any knowledge on which and how many antenna ports or antenna connectors the TX signal is coming from. RAN4 has discussed and made agreements (See RAN4#90 chairmen minutes on R4-1901883, copied to appendix for clarity) on how requirements are applied and best way maybe to assign requirements based on worst case assumptions so that virtualization is still enabled. In general, this means TE must sum all the signals and emissions from all antenna connectors and only then decide if UE passes or fails. 
Observation 4: According to RAN1 agreements, there is no possibility to know how many antenna connectors UE uses for any transmissions in advance

We provided a CR in RAN4#91 which intended to clarify this situation and we provide one now with some modifications based on new findings in [5]. To summarise our view how this virtualization should be enabled is that everything, including emissions and wanted signals should be summed from all antenna connectors regardless of how many antenna ports are configured for transmissions. 
Observation 5: All testing must be done by summarising all output emissions from all connectors   
To clarify further the case for PC2, this means that UE may decide to output full 26 dBm of power as sum of two ports, as sum of four ports or from one port. 

2.5 Release dependence

This discussion in valid for Rel-15 requirements. RAN1 has been working on new ways to manage UE’s with tx diversity and enable full power transmissions. It is likely that will have impact on RAN4 requirements. We have a paper explaining further on RAN1 work [6].
Conclusion
We discussed the concept on antenna ports and antenna connectors and mane following observations:
all the signals and emissions from all antenna connectors and only then decide if UE passes or fails. 

Observation 1: UE can be configured for one or two antenna ports and transmissions canbe configured for one or more antenna ports.
Observation 2: Basic requirements in RAN4 cover UE requirements when transmissions is configured for one antenna ports and UL MIMO sections cover requirements for RF when UE is configured for two antenna ports

Observation 3: RAN4 has not set requirements for case when UE is configured for two antenna ports but signal configuration is for 1-layer. 

Observation 4: According to RAN1 agreements, there is no possibility to know how many antenna connectors UE uses for any transmissions in advance
Observation 5: All testing must be done by summarising all output emissions from all connectors   
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Appendix: Agreements
Proposal 1: The total output power shall be the sum of the powers of the individual antenna ports
Proposal 2: For 1-layer operation the EVM shall be met on a per antenna basis. 

Proposal 3: The individual powers at the 2 antennas shall be summed as a function of frequency and compared with the SEM mask. 

Proposal 4: The sum of the powers of the individual antenna shall meet 31 dB ACLR for PC2
Proposal 5: The MPR and AMPR values that shall apply at each antenna port are those corresponding to the power class of the UE calculated from the sum of the powers of the individual antenna.  In other words, for a UE delivering PC2 by combining two PC3 chains, each antenna port shall be individually afforded the PC2 MPR/A-MPR.
