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1.
Introduction
FR2 UE requirements have been written assuming UE transmits two polarizations. How are these polarizations enabled for 1 layer transmission is unclear. This paper discussed what RAN4 has assumed and what it means from RAN1 point of view. We also propose to define coherent ULMIMO for FR2 to enable usage of two polarizations for 1 layer transmissions. 
2. 
Discussion
In a derivation of peak EIRP and spherical coverage polarization gain was assumed by all submitting companies [1], [2]. This means UE will be transmitting with two physical antenna ports in rank1 transmissions. In typical configuration this is implemented with two polarizations from same patch antenna. 
2.1 
UE implementation for 1 layer 2 antenna port transmissions

Simple diagram to show how 1 layer transmission can be transmitted with two physical antenna ports is shown in Figure 1. Phase shift may or may not be controllable in the implementation or it maybe a result of unequal phase shift in two transmitter paths. Base station will then receive one signal with either one or two or more receivers and combine the signal. If the phase shift in UE is not constant, base station receiver may have difficulties in receiving the signal.   
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Figure 1 Conceptual diagram for splitting 1 layer data to single antenna port

Observation 1: For 1 layer transmissions with two antenna ports, phase changes between antenna ports may cause problems in reception of signal 
In the following we look how RAN1 defines use of antenna ports for 1 layer.
2.2
RAN1 handling of 1 layer 2 antenna port transmissions for codebook based transmissions
RAN1 requirements do not recognise the case when UE has two physical antenna ports but does not support ULMIMO. For ULMIMO, there are two versions, coherent and non-coherent. 
Looking at TS 38.212 Table 7.3.1.1.2-4 and -5, non-coherent ULMIMO capable UE can not enable both ports for codebook based transmissions. For coherent ULMIMO, both ports can be enabled. 
Observation 2: For codebook based transmissions, only coherent UL MIMO capable UE can transmit on both tx ports for 1 layer transmissions
2.3 
Non-codebook based transmissions

For non-codebook transmissions in 1 layer, UE can autonomously force same transmission to both antenna ports, like described in Figure 1. Discussion following the Figure 1 in section 2.1, implies that the UE implementation needs to have coherent transmitters to be able to use two antenna ports for 1 layer transmissions regardless of ULMIMO support. If phase variation between polarizations is really a problem in BS receiver or in TE receiver or if receiver can perform slot level channel equalization before power measurement, is up to infra vendors feedback. If base station can perform grant-based channel equalization, RAN4 should include that aspect in the peak EIRP and transmit modulation quality requirements. If not, non-coherent ULMIMO capable UE output power requirements need to be revised and separate from coherent UL MIMO capable devices and perhaps for devices that support coherent transmission but not ULMIMO.  

Observation 3: Depending on BS receiver capabilities, maximum output power requirements need to be defined separately for UE capable for coherent transmissions and non-coherent transmissions

Since the discussion of these requirements may take some time and this is first time we encountered this issue, we will not propose requirements for single port transmissions but leave that for future discussion with a note that used polarization gains ranged from 2.2 to 2.8 dB. 

Coherent ULMIMO is not defined for FR2 so UE can not declare the capability. To enable full power 1 layer transmissions for UE that supports ULMIMO in codebook based transmissions, requirements for coherent ULMIMO must be defined. Without definition of coherent ULMIMO, only UEs that support coherent transmissions between physical antenna ports but do not declare capability for ULMIMO can meet existing output power requirements.  
Proposal 1: Define coherent ULMIMO for FR2

2.4
Coherent ULMIMO requirements for FR2

Requirements for coherent ULMIMO for FR1 UE have been defined in 38.101-1 in 6.4D.4. Same requirements could be used for FR2 from UE perspective, but more analysis will be needed to confirm what is feasible performance form system side so some values should be left to TBD. Also FR1 is using a reference to spatial multiplexing scheme which may not be applicable in FR2 or at least polarization MIMO should be allowed. We have provided a draft CR to include various enhancement and corrections to FR2 ULMIMO.    
Conclusion
We discussed how to enable both antenna ports for FR2 devices. We made three observations 
Observation 1: For 1 layer transmissions with two antenna ports, phase changes between antenna ports may cause problems in reception of signal 

Observation 2: For codebook based transmissions, only coherent UL MIMO capable UE can transmit on both tx ports for 1 layer transmissions
Observation 3: Depending on BS receiver capabilities, maximum output power requirements need to be defined separately for UE capable for coherent transmissions and non-coherent transmissions

And based on observations, we made one proposal for this meeting:

Proposal 1: Define coherent ULMIMO for FR2

How to handle requirements for UE’s that do not support coherent transmissions is left for further discussion
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