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1 Introduction
In [1], RAN4 was asked to look into the relative phase discontinuity (RPD) issue for UL MIMO. In [2] and [3], it was proposed to use the switching-point based model for the UE requirement work in RAN4. 
In this contribution, we discuss the impact of transmit power distribution on RPD. 
2 Background
In [3], it was proposed that RPD should be modelled based on the step-wise power dependence of relative phase (RP), as exemplified in Figure 1 and Table 1.
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Figure 1. Example of the power dependence of RP.
	Transmit power (dBm)
	δRP (degrees)
	RP (degrees)

	-36
	-1.5
	-1.5

	+2
	7.8
	6.3

	+10
	7.8
	14.1

	+14
	-0.3
	13.8

	+18
	-0.4
	13.4

	+22
	3.0
	16.4


Table 1. Example of switching point parameters.

Given such a switching-point based model, it is the transmit power for SRS and PUSCH that determines the RPD between SRS and PUSCH. As discussed in [4], the transmit power of a UE is determined based on the power control formula [5]. Specifically, the SRS transmit power 
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 is calculated as
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and the PUSCH transmit power 
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 is calculated as
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where 
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 is the configured UE transmitted power, 
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 is a UE specific parameter semi-statically configured by higher layers, 
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 and 
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 are the bandwidth of the SRS and PUSCH transmission expressed in number of resource blocks, 
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 is the path loss estimated by the UE, 
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 is a MCS specific parameter, 
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 is the current power control adjustment state, 
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 is a nominal power level specified by higher layers, and   
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 is a cell-specific parameter provided by higher layers. For simplicity, we assume open-loop power control (
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3 Impact of TX power distribution
As shown in (1) and (2), the transmit power of a UE is determined by several cell-specific/UE-specific parameters as follows:
· The nominal power level 
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 determines the target received power (per RB) and, implicitely, the target SNR in the eNB receiver, when the downlink path loss reflects the actual uplink path loss.

· The parameter 
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 takes a value smaller than or equal to 1 and allows for partial path-loss compensation.

· The use of 
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 helps to control the SRS multiplexing interference by increasing/decreasing the SRS transmit power (independently of the PUSCH transmit power).
· The SRS bandwidth 
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 depends on whether SRS transmission is configured to be wideband (non-hopping) or frequency-hopping. The SRS bandwidth has a maximum of almost the whole cell bandwidth (e.g., 96 RBs for a cell bandwidth of 20 MHz) and a minimum of 4 RBs. 
· The PUSCH bandwidth 
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 is determined by scheduling algorithm (e.g., frequency-selective scheduling) and cell load (e.g., heavily-loaded network) etc. The PUSCH bandwidth has a maximum of almost the whole cell bandwidth and a minimum of one RB (e.g., VoIP UEs).  
Here, based on system-level simulation, we evaluated the transmit power distribution for three different network scenarios, as summarized in Table 2.
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	Transmit power distribution #1
	-82
	0.8
	-9
	48
	48

	Transmit power distribution #2
	-82
	0.8
	-9
	48
	5

	Transmit power distribution #3
	-82
	0.8
	0
	48
	5


Table 2. Example of transmit power distributions for different networks scenarios.

Transmit power distribution #1 represents a lightly-loaded network with an SRS power offset of -9 dB. Transmit power distribution #2 and #3 represent a heavily-loaded network with and without an SRS power offset, respectively. Partial path-loss compensation and wideband SRS transmission are assumed in all network scenarios. Note that it is assumed that the PUSCH bandwidth remains constant, although, in principle, it may vary every subframe.
Assuming a UE whose RP characteristic is given in Figure 1 and Table 1, it is possible to simulate the RPD distribution for the above transmit power distributions in Figure 2-4. Note that the RPD is taken as an absolute value in the simulations. In the left-most plot of each figure, the dashed curve and the solid curve represent the PUSCH transmit power and the SRS transmit power, respectively. Likewise, in the middle plot of each figure, the dashed curve and the solid curve represent the RPD for PUSCH and SRS, respectively.
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Figure 2. RPD distribution for transmit power distribution #1.
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Figure 3. RPD distribution for transmit power distribution #2.
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Figure 4. RPD distribution for transmit power distribution #3.
As shown in Figure 2-4, transmit power distribution #1 and #3 lead to larger RPD than transmit power distribution #2. Note that transmit power distribution #2 does not cause severe RPD, since the power difference between SRS and PUSCH is relatively small. In general, the more power difference SRS and PUSCH experience, the larger RPD the UE transmitter introduces. However, this does not imply that RPD is not a problem at all. If SRS power is on one side of a switching point and PUSCH power is on the other side (e.g., 9.8dBm and 10.2dBm in Figure 1), small power difference between SRS and PUSCH may cause a serious RPD problem. 
It should be noted that transmit power distribution determines the RPD distribution for a given RP characteristic of a UE. This implies that, depending on transmit power distribution, the same RP characteristic leads to different eNB demodulation performance. This in turn justifies the importance of transmit power profile that reflects realistic network scenarios, which should be considered for the UE requirement work in RAN4. (Please refer to the companion contribution [6] for the details.)
Proposal: Transmit power profile that reflects realistic network scenarios should be considered for the UE requirement work in RAN4.
4 Summary

In this contribution, we showed that transmit power distribution depends on the network scenario. We also showed that, for a given RP characteristic of a UE, transmit power distribution determines the RPD distribution and thus the eNB demodulation performance. 

Proposal: Transmit power profile that reflects realistic network scenarios should be considered for the UE requirement work in RAN4.
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