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1.
Introduction
Recent revision of WI [1] includes the objective of developing new feature to enable 29 dBm power class operation with transparent transmit diversity. UL MIMO and EN-DC are also part of this objective. For Rel-15 after long debate, RAN4 could not agree what transparent TX diversity means in RAN4 requirements and finally in RAN4#92-Bis an agreement was made not to write anything because of transparent TX diversity to Rel-15 specifications. This paper discuses how the objective in the WI should be fulfilled and other related matters for the implementation of the TX diversity. 
2. 
Discussion on specification changes
2.1
General

There are few issues that would need to be accounted for in a form of specification changes to ensure that UE which implements TX diversity will meet requirements set for UE. These are discussed in recent submission [3] for UL MIMO but same general issues are applicable. 

2.2
Terminology and concepts

TX diversity or in other words enabling 29 dBm UE power with two 26 dBm capable PAs by definition means that UE will have two antenna connectors and UE power capability and power class is assuming that power is summed from these two connectors. It should be noted that the notation “antenna port” is not same as “antenna connector” in RAN4 language. Antenna port is a logical entity, in RAN1 language is the called “SRS port” and UE declares how many logical antenna ports it support with maxNumberSRS-Ports-PerResource as defined in TS 38.306.  In addition, UE declares number of MIMO layers with maxNumberMIMO-LayersCB-PUSCH. Implementing TX diversity means that even if UE declares support for one SRS port and supports only one MIMO layer, it has two antenna connectors. 

Observation 1: In RAN4 language antenna port is the logical antenna port that is used for configuring UE with e.g. codebook based transmissions and antenna connector is the physical antenna connector from which the signal in an UE comes out.   

Since MIMO layers are spatial MIMO layers, in practice UE with > 1 MIMO layer support has > 1 antenna connectors.  
2.3
UE requirements
If implementation has two antenna connectors and two PA’s and needs to enable both to produce output power to meet the power class requirements, specification should acknowledge that in order to get a correct results for that UE, the output power should be summed from two (or more) antenna connectors. This is done in current TS 38.101-1 for UL MIMO, clause 6.2D.1 state clearly that for UL MIMO maximum output power is summed. 
For UE to be compliant with the emission, the emissions should be summed equally from all antenna connectors or at least from connectors designated as TX connectors. This is currently not the case in TS 38.101-1 for UL MIMO but the emission are defined “at each antenna connector”. For this the reason was that for Rel-10 UE, it was assumed that each PA is capable and compliant with the UE rated power class output power and meets emissions and for UL MIMO, power per PA is backed off by 3 dB and therefore emissions are met. For this WI [1], this assumption is not valid but none of the PA’s is capable for required output power alone and this approach is not valid. 

Observation 2: Current UL MIMO specification can not be re-used for TX diversity since the different assumptions for PA power capability
Requirements for TX diversity, as discussed in section 2.2, would not fall under UL MIMO but more under general requirements. For those, the reference mostly in the specification is for UE, not antenna connectors but in 6.1 somewhat ambiguous sentence is written:


[image: image1] 

It seems to refer multiple antenna connector’s but requirements are at the antenna connector. The intention probably was to say that even the UE is equipped with antenna, the requirements can be tested from the connector. For specification to support TX diversity, this section would need to be changed to define that all power coming out of UE, including emissions, need to be summed.  
In terms of enabling TX diversity in Ran4 requirements, WID [1] clearly states that enabling TX diversity is an objective but only in the context of 29 dBm power class. Ran1 earlier allowed transparent tx diversity but as discussed earlier Ran4 decided not to enable tx diversity at least in general form. No other work item has tx diversty as objective. eMIMO WI for enabling full output power seems to discuss similar issues but nothing in WI or agreements task RAN4 to enable TX diversty. What is left and clear is that tx diversity must be enabled for 29 dBm power class. 

Proposal: Enable TX diversity for 29 dB power class in RAN4 specifications by defining reference plane for all powers including emissions as summed from all TX antenna ports.    

3 Discussion on implementation challenges

With two 26 dBm PA’s operating simultaneously at full power, the stress on thermal dissipation and power supply is larger than with anything before defined by 3GPP.  Usage of efficiency enhancing techniques is important if not unavoidable. One of the techniques is Envelope Tracking (ET) where high efficiency supply is tracking envelope of the modulated signal at the PA. If these envelope signals couple and interfere each other, they will create distortion in the signal. For TX diversity, the envelopes should be exactly the same but some of the RAN1 allowed techniques such as S-CDD cause those envelopes to be slightly different and this will lead to similar problems we have in UL CA as discussed in [5] or what was discussed for reverse IM5 as source for A-MPR for EN-DC for Rel-15. These issues tend to be worse with wider signal BWs and as proposed in [5], wider RB allocations need to have larger back off allowance and likely with higher power, the issues are worse. Likely outcome maybe that for wider allocations, the needed back off is so large that output power capability will be same than PC2 implementation and benefit of 29 dBm power class is more for coverage enhancement for lower uplink bandwidth applications. 

Observation 4: 29 dBm with two 26 dBm application likely provides benefits in low uplink signal BW applications.      
Conclusion
We discussed TX diversity in the context of 29 dBm power class and made following three observations:
Observation 1: In RAN4 language antenna port is the logical antenna port that is used for configuring UE with e.g. codebook based transmissions and antenna connector is the physical antenna connector from which the signal in an UE comes out.   
Observation 2: Current UL MIMO specification can not be re-used for TX diversity since the different assumptions for PA power capability
Observation 3: 29 dBm with two 26 dBm application likely provides benefits in low uplink signal BW applications.      

And to ensure Ran4 requirements will be written in correct way, we made the following proposal

Proposal: Enable TX diversity for 29 dB power class in RAN4 specifications by defining reference plane for all powers including emissions as summed from all TX antenna ports.    
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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 dBi is assumed.








