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1. Introduction

The following agreements are captured in RAN4-105 [1]. 
Issue 1-1-3: General testing procedure for 2Tx TRP test 

Agreements:

· Enable 2Tx antenna active simultaneously for 2Tx testing as 1st priority.

· Sequential 1Tx test and then sum up with FFS data processing approach can be further studied as 2nd priority.

Issue 1-1-5: Proper TPMI-index for UL-MIMO TRP test 

Agreements:

· RAN4 can further study the TPMI index for single-layer UL MIMO TRP testing. 

· TPMI index selection and single TPMI index approaches can be considered

· Dynamic TPMI-index is not precluded.

Issue 1-3-1: Band Combination 

Agreements:

· RAN4 should first discuss and decide a CA band combination selection rule. 
This contribution further discusses the above issues.
2. Discussion
2.1 Issue 1-1-3

[8] studies base station array phase and amplitude variations due to temperature changes and could provide some guidance on phase variation under 2Tx in handsets due to lack of such measurement data in handsets. Figure 7 in [8] gives phase and amplitude variations across a large temperature range. Those temperatures are internal temperatures experiences by RF components. The curves marked “Tx w/o calibration” should be of interests to our discussion. Figure 9a and 9b show the absolute (within a transmit chain) and relative (between two transmit chains) temperature distributions. The relative temperature distribution, which is related to this topic, has a variation of 11°C and corresponds to a phase error of 22 degrees. Obviously, there are a lot of differences between base station and handset arrays in terms of space available, component size, packaging and heat dissipation. This, at least, could provide an indication of possible phase variation over temperature, for example, handset performance in this aspect could be 2 or 3 times worse than that of base stations. 
Having said the above, decisions on this topic cannot be based on deduction from base station array performance. Below is a proposal to either include or exclude two active transmissions during TRP measurement. Select [M=5] handsets, measure transmit power at [N=4] fixed points which are separated by [L=90°] in space under TRP measurement setting for transmit diversity, UL MIMO under non-coherent, partial coherence and full coherent modes. The measurement duration [K=15 minutes] at each fixed point should exceed that of normal TRP measurement. The aim of such measurement is to establish transmit power variation range or distribution during a TRP measurement period. If the transmit power standard deviation is larger than [30%] of the TRP MU budget, then two active transmissions for TRP should be excluded.
Proposal 1: use transmit power variation measured at fixed points for a given duration to decide if two active transmissions should be included in TRP measurement or not.
If proposal 1 is agreeable, the figures in square brackets can be further discussed during this meeting.
2.2 Issue 1-1-5

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, 5].
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 2: define TRP for one-layer 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.
2.2 Issue 1-3-1

In addition to suggested CA combinations by operators, the CA combinations should avoid the ones with MSD due to TRS degradation and frequency range issues caused by head or hand phantoms. 
According to available hand phantoms [6], hand phantoms are for under and above 3GHz because no single dielectric material can meet the conductivity and permittivity values across the frequency range of 300 MHz to 6 GHz. If a CA combination contain a band below 3 GHz and another band above 3 GHz, TRP and TRS tests need to be conducted separately, one for each band with corresponding hand phantoms.
Similarly, liquid recipes for SAM or head phantom are also frequency dependent as shown in Table F.1 and F.2 in [7] if 5% tolerance is desired and could cause problems if the band separation within a CA combination would require different recipe for each band. However, if 10% or higher tolerance values become acceptable, SAM or head phantom liquid recipes can support continuous frequencies from 400 MHz to 10 GHz.
Obviously, the above phantom issues can be solved by separate tests, resulting longer test time. However, antennas are optimised according to the characteristics of hand and/or head phantom and may behave sub-optimally (e.g. in terms of return loss or total efficiency) if phantoms with incorrect properties for one of the bands are used.
Proposal 3: CA combination selection should avoid the ones with MSD and band separations across 3 GHz boundary.
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 1: use transmit power variation measured at fixed points for a given duration to decide if two active transmission should be included in TRP measurement or not.

Proposal 2: define TRP for one-layer UL MIMO with TPMI 2-5 as the average of TRP values from TPMI 2, 3, 4 and 5.
Proposal 3: CA combination selection should avoid the ones with MSD and band separations across 3 GHz boundary.
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