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1
Introduction

Relative phase discontinuity (RPD) is the relative phase change of UL-MIMO transmission antennas between UE SRS and PUSCH.  Large RPD may cause UL transmission with mismatched precoding matrix, which will impact UL-MIMO performance.  There were some efforts to model the RPD in RAN4 [4][5].  The intention was to minimize the RPD impact to UL-MIMO performance by specifying certain RPD limits for UE.

A statistical RPD model [3] was introduced in RAN4#64 with Gaussian model.  The RPD model provided a static view on the potential phase discontinuity with and without PA mode-switching.  Without the knowledge of PA mode-switching in a realistic network scenario, it would be difficult to derive the RPD distribution for a network.  This contribution uses UE TX power profile from system simulations to address this issue.  The PA mode-switching probability is estimated based on UE power profile.  The phase discontinuity distributions of UE’s in the network are presented, where the RPD impact could be evaluated.

2
Statistical RPD model
The previous discussion on the statistical RPD model in [3] uses the phase measurements of [2], which is based on the UTRA UE with single antenna.  The Gaussian model is used to model phase change with both PA mode-switching and non-PA mode switching.  The mean and variance of the Gaussian model are calculated from measurement data.  
The previous model provides an analytical tool for phase discontinuity of a single TX antenna, based on the knowledge of PA mode-switching.  PA mode-switching will usually contribute significant phase discontinuity.  Although it is suggested that significant phase change as high as 20deg can happen when there is frequent PA mode-switching, the analysis does not tell how often the significant phase change will be in a realistic network scenario.  We will address this issue.

From previous discussion, the phase discontinuity 
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 depends on UE TX power
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 whether there is PA mode switching.  Denote 
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 for PA mode switching, and 
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 without PA mode switching.  Treat the phase change 
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 as a random variable.  The pdf (probability density function) of 
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Further derivation of the pdf yields
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It is generally very difficult to directly evaluate this equation.  However, simplification can be obtained by taking certain approximate assumptions.
The phase discontinuity, as indicated in
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, the status 
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 of mode-switching, and the value 
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 of power change.  We may assume that the distribution of phase discontinuity
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will be independent of TX power and power change
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.  Although it is generally not true that phase discontinuity is independent from power change, for example, the phase change distribution with 1dBm power step will be different from that with 3dBm power step.  This assumption is considered as an approximation to simplify the analysis.  Based on this assumption, we can write
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Further manipulating the pdf equation yields
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The contribution of [3] provided Gaussian models for 
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 with PA-mode switching, and 
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without PA-mode switching.  The distribution of TX power profile 
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 can be obtained through system simulation.  If the distribution of PA mode-switching 
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 and the distribution of power change 
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are available, the phase discontinuity distribution 
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can be calculated.
2.1
Distribution of TX power profile
TX power profile shall be obtained from system simulations based general network scenarios.  Figure 1 shows the average UE power distribution.  The simulation assumptions are: 
· 3GPP Case 3 - 19 cells (57 sectors), 1732 ISD, 20dB penetration loss, 2GHz
· Po = -90 dBm 
There are 19 cells simulated in the 3GPP Case 3 defined in RAN1.  The average UE TX powers are collected to yield the TX power profile.  Figure 1 indicates the percentile of UE at certain TX average power
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Figure 1    Average UE TX power distribution

2.2
Distribution of PA mode switching
The PA mode switching
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shall depend on the value of power change and the TX power for a given UE implementation.  A given UE implementation will usually have fixed PA switching points.  Any power change that crosses the PA mode-switching points will likely generate significant phase discontinuity, which will contribute to RPD for UL-MIMO.
Let the UE implementation be fixed as the measured model of [2].  There is one PA mode-switching point for power ramp-up at ~6dBm, and one mode-switching point for power ramp-down at ~1dBm. Power ramping up crossing 6dBm, or power ramping down passing 1dBm will be a PA mode-switching event with
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, the distribution 
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 will be obtained.
What is the distribution of power change between UE SRS transmission and its associated PUSCH transmission in a network?  Ideally, this distribution shall be evaluated from system simulation.  However, because the power change between SRS and PUSCH will be determined largely by the power control algorithm and eNB scheduling, the distribution will be dependent on specific implementation of eNB schedulers.  

Certain assumptions for the power change distribution can be obtained without any specific of implementation.  We assume that power change between SRS and PUSCH will be uniform in a range of
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; the parameter
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 is the maximum power change between SRS and PUSCH transmission.  Usually the range of power change 
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 will be in the magnitude of dBm.  The uniform assumption is that the power change within 
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 has uniform probability distribution in both ramping-up and ramping-down directions.  The distribution
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is thus obtained with this assumption.
2.3
Phase change distribution
Based on the discussion on power change distribution
[image: image37.wmf]()

pP

D

, PA mode-switching
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, and the power distribution profile
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in a network, we can calculate the distribution of phase discontinuity between SRS and PUSCH.  We use the measured model of [2] as the basis for distributions
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.  The calculated distribution of phase change is shown in Fig. 2 with various power change range
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Figure 2    Distribution of Phase Change with Single Mode-Switching Point

From Figure 2, when the range of power change is 3dBm, there is 97% chance that the average phase discontinuity between SRS and PUSCH will be less than 4deg.  When the change range is 6dBm, the phase discontinuity 
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<4deg will be 95% of UEs.  When the range is 10dBm, about 94% of cases will have less than 4deg phase discontinuity.  When the power change range is as high as 20dBm, which might happen rarely, ~85% of cases will have less than 4deg phase discontinuity.  Based on previous study [1], small phase changes as low as 4deg will have very small performance impact for UL-MIMO.
2.3.1
Two mode-switching points (3 PA stages)
The results in Figure 2 are based on single PA mode-switching point in the UE implementation of two PA stages.  If the number of PA stages is greater than two, we might expect larger phase discontinuity.  Although the testing data with two mode-switching points in our investigation is not available, we might simulate the case with two “artificial” switching points.  Let’s assume another PA mode-switching point at (-10dBm, -5dBm) for ramping-down and ramping-up, respectively, together with the existing (1dBm, 5dBm) point.  The phase discontinuity distribution of the 3 PA stages is shown in Figure 3.

With 3 PA stages, the probability of phase discontinuity is greater than case of two PA stages.  The >4deg phase discontinuity of 3 PA stages will be ~8% for maximum 10dBm power change, compared to 6% of two PA stages.  At maximum 20dBm power change (maybe rare), the >4deg phase discontinuity will be ~16% with three PA stages, compared to ~12% of two PA stages.  In this example of UE implementation, larger number of PA stages will contribute more significant phase discontinuity.
For both two and three PA stages, the significant phase discontinuity (phase change >4deg) will have a small probability in the simulated network, provided that the maximum power change between SRS and PUSCH is <=10dBm.  These marginal UE (6%~8% for 
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=10dBm) might experience performance degradation for UL-MIMO due to RPD.  However, it would be expected that overall system performance degradation due to RPD will be quite small with the UE implementation under study.
[image: image45.emf]0 2 4 6 8 10 12 14 16

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

|Phase Change| (degree)

cdf of |





|

 

 

Power Change Range: 3dBm

Power Change Range: 6dBm

Power Change Range: 10dBm

Power Change Range: 20dBm


Figure 3    Distribution of Phase Change with Two "artificial" PA mode-switching points
3
Conclusion
This contribution provides further analysis based on the previously proposed statistical RPD model in [3].  System simulation results of UE TX power profile are applied in the analysis for more realistic network scenarios.  The distributions of TX phase discontinuity between SRS and PUSCH are derived with certain approximation and assumptions.
With the specific UE implementation under study, it is indicated that the probability of significant phase discontinuity (>4deg) in a typical network is quite small, provided that the power change between SRS and PUSCH is less than 10dBm, and the number of PA stages in UE implementation is limited.  Based on this study, it implies that either the phase discontinuity has limited performance impact for UL-MIMO, or there is limited number of UE’s that are impacted by significant phase discontinuity in the network.  
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