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1. Introduction

The following agreement was captured in RAN4-104e [1] for TRP with two simultaneously transmit antennas. 

· Proposal 1: TPMI-based TRP measurement (if adopted) can be performed with two antennas transmitting together as 1st priority. Phase impact should be studied.

· Proposal 2: Whether TPMI-based TRP measurement can be performed with individual antenna separately, is FFS.

This contribution further discusses the issue.
2. Discussion
When two antennas transmit simultaneously, the power or amplitude values from the two antennas are normally the same or similar. The phase differences between the two antennas tend to have a major impact on their corresponding TRP values. The effects of phase differences on TRP are two folds. 
(a) change in antenna patterns. 
(b) possible reduction in antenna efficiency in the form of impedance mismatch. 
These two effects have been thoroughly studied in phase arrays. For example, phase differences are used for beam scanning. However, due to mutual coupling among antennas, antenna phase values can also reduce antenna efficiency by causing impedance mismatch through mutual coupling in phased arrays. In the worst case, mutual coupling could cause total reflection and result in no power radiated from the antenna at some scan angles. This phenomenon is known as array scan blindness as shown in Fig.2a. and Fig.7 of [2]. In addition, both Fig.6 of [3] and Fig.7 of [2] show the antenna efficiency reduction as a function of scan angles, which are the consequences of antenna phase changes. 
Effect (a) on TRP has been investigated by simulation [4] under simple assumptions with the conclusion that the antenna phase differences do not significantly impact TRP. The conclusion stands even though the assumptions are simple ones.
The impact of effect (b) on antenna efficiency should be minimised during antenna design. However, in the case of one-layer UL MIMO, TPMI 2-5 presents combinations with wide ranging phase differences and there is no guarantee that all TMPI values would correspond to the same antenna efficiency because different phase values could give rise to variations in antenna efficiency, especially the phase differences across TPMI 2-5 are relatively large. This would result in dissimilar TRP values for TPMI 2-5.
Observation: phase values in TPMI 2-5 could result in different antenna efficiency, hence different TRP values.
Given the above observation, it would be prudent to define UL MIMO TRP as the average of TRP values from TPMI 2-5. In other words, TRP measured under any one of TPMI 2-5 may not reflect overall UL MIMO performance. 
Proposal: define TRP for one-lay UL MIMO with TPMI 2-5 as the average of TRP values from TPMI 2, 3, 4 and 5.

This obviously increases measurement time. However, given the uncertainty in antenna efficiency for TPMI 2-5, the above proposal is a prudent approach.
In addition, the phase values from the two antennas could change during the measurement period. The assessment from [4] is that those changes should not significant as the TRP measurement period is relatively short compared to temperature change and frequency drift cycles.
3. Conclusions
This contribution makes the following observation and proposal.
Observation: phase values in TPMI 2-5 could result in different antenna efficiency, hence different TRP values.
Proposal: define TRP for one-lay UL MIMO with TPMI 2-5 as the average of TRP values from TPMI 2, 3, 4 and 5.
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