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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], several circuit impairment mechanisms in UE were identified as the potential sources of RPD, e.g., power mode switching of power amplifiers (PAs). Based on UE measurement results, it was proposed in [4] that the power dependence of RP should be considered, when RAN4 models the RPD.
In this contribution, we propose to approve a model of RPD so that the companies can move forward on evaluating the eNB performance impact and defining the UE requirements. 
2 Background
In RAN4, the absolute phase difference between two transmit chains has been referred to as relative phase (RP). Subsequently, RPD is defined as the difference of RP between two time instants. It was suggested in [4] that we focus on the RPD between the SRS transmission used for precoder selection and the subsequent PUSCH transmission applying the precoder, which determines the eNB demodulation performance, more accurately, the optimality of precoder selection.
In addition, it was pointed out in [4] that, when a direct conversion transmitter with a single local oscillator (LO) is assumed and a time frame of a few ten milliseconds is concerned, the power dependent term of RP is far more dominant than the time dependent term. Hence we proposed that a model of RPD should be based on the power dependence of RP. 
3 UE measurements
Figure 1 presents an example of the relationship between RP and transmit power. It should be noted that, based on our measurement results (with a power step of 1 dB), only the dominant contributors to RP are taken into account here, which include power mode switching of PAs and configuration mode switching of RF/analog circuitry. The figure shows that RP abruptly changes with transmit power around a total of 6 switching points. In other words, the power dependence of RP is characterized by a step-wise curve. Note that the RP offset (i.e., the y-axis offset of the step-wise curve) is simply a reference point and does not affect RPD at all.
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Figure 1. Example of the relationship between RP and transmit power.

Table 1 summarizes the switching point parameters, i.e., the transmit power and the corresponding RP of each switching point, assuming that transmit power increases from -50 dBm to +23 dBm (up direction). It is clear that such a table is an alternative of representing the power dependence of RP shown in Figure 1.
	Transmit power (dBm)
	δRP (degrees)
	RP (degrees)

	-36
	+30
	+30

	+2
	+26
	+56

	+10
	+26
	+82

	+14
	+6
	+88

	+18
	+8
	+96

	+22
	+10
	+106


Table 1. Example of switching point parameters (up direction).
Note that the switching point parameters (including the number of switching points) are highly design-dependent. Furthremore, there exists a certain level of variation even among the samples from the same design. In addition, RP does not necessarily increase with transmit power, i.e., RP change (i.e., δRP in Table 1) can be negative. Hence, it is not always true that the more transmit power changes, the more RP changes. (For example, RP may increase with transmit power across the 1st switching point, whereas it may decrease across the 2nd switching point.) However, it is more important to understand that, given the (rough) knowledge on the switching point parameters (e.g., Table 1), it is possible to assess the RPD distribution, and furthermore, it is possible to evaluate the impact on eNB performance, as will be illustrated in the following.
First, let us assume that the SRS transmit power and the PUSCH transmit power are distributed as shown in Figure 2. It is assumed that the PUSCH transmit power is more distributed than the SRS transmit power. This assumption is often realistic in the sense that the power change over a time frame of a few ten milliseconds typically results from the bandwidth change and the SRS bandwidth often remains unchanged. In addition, the average SRS transmit power (10 dBm) is 10 dB higher than the average PUSCH transmit power (0 dBm), assuming that the average SRS bandwidth is 10 times higher than the average PUSCH bandwidth. 
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Figure 2. Example of SRS transmit power (top) and PUSCH transmit power (bottom).
Given the switching point parameters in Table 1, it is possible to simulate the RP distribution and thus the RPD distribution, as presented in Figure 3. As expected, the RP distribution of the SRS transmission is most likely to be either 56 degrees or 82 degrees, since the SRS transmit power mostly stays around the 3rd switching point. On the other hand, the RP distribution of the PUSCH transmission is most likely to be either 30 degrees or 56 degrees, since the PUSCH transmit power mostly stays between the 1st switching point and the 3rd switching point. Therefore, it is easy to understand that the RPD between the SRS and PUSCH transmission is most likely to be 0 degree, 26 degrees or 52 degrees, as shown in Figure 3 (bottom). This implies that the RPD distribution is typically constrained to a finite number of RPD values, which are determined by the switching point parameters. (Please note that the CDF of RPD is given as a step-wise curve in Figure 3.) This is a good approximation of realistic RPD distribution, as far as RP is dominated by the mode switching of UE transmitters. Lastly, it is worth mentioning that the RDP distribution obtained here can be used to evaluate the eNB performance impact (The eNB performance evaluation is discussed in [5]). Thus it is possible to assess the RPD capability of the design that is characterized by the switching points of Table 1. 

[image: image3.emf]0 10 20 30 40 50 60 70 80 90 100 110

0

0.5

1

SRS relative phase distribution

Relative phase (degrees)

CDF

0 10 20 30 40 50 60 70 80 90 100 110

0

0.5

1

PUSCH relative phase distribution

Relative phase (degrees)

CDF

0 10 20 30 40 50 60 70 80 90 100 110

0

0.5

1

Relative phase discontinuity distribution

Relative phase discontinuity (degrees)

CDF


Figure 3. Example of RP distribution for SRS transmission (top), RP distribution for PUSCH transmission (middle) and RPD distribution (bottom).
4 Model of RPD

Here we propose to use a simplified model of RPD that is characterized by the step-wise power dependence or, equivalently, the switching point parameters. More specifically, the proposed model consists of the following parameters:

· Number of switching points (e.g., the number of rows in Table 1)

· Transmit power of each switching point (e.g., the 1st column of Table 1)

· RP of each switching point (e.g., the 3rd column of Table 1)
The second parameters may be set in a direction-dependent manner. In other words, a UE may have each switching point at a different transmit power level, depending on whether the transmit power increases or decreases across the switching point. This helps to model the hysteresis-based mode selection of tranmitters [6]-[8]. Hopefully, the AM-to-PM distortion of PAs can also be modelled by additional switching points (e.g., around the maximum transmit power level).
One can argue that such a switching-point based approach is too much simplified to accurately model the RPD distribution. However, it is widely understood that the mode switching of UE transmitters, in particular, the power mode switching of PAs, is the most dominant contributors to absolute phase of each UE transmitter. (For example, a similar approach was taken when the phase discontinuity for HSPA was discussed [6]-[8].) Consequently, it makes sense to see the mode switching as the most dominant contributors to RP, which is simply the absolute phase difference between two transmit chains. 

In addition, one can also argue that the proposed model is too much implementation-dependent to cover a wide range of UE design. For the reason, it may be suggested that the power dependence of RP should be modelled in a statistical manner so that it can be more representative of diverse UE design. We are open to further refinement based on such a statistical approach. For example, it is possible to model the switching point parameters as random. However, we should be careful not to introduce too much ambiguity (i.e., randomness) into the proposed model. Our view is that the proposed switching-point based model is not only simple but also accurate, in that it captures all the major contributors to RPD.
Proposal: We propose to use the switching-point based model for eNB performance evaluation and UE capabililty assessment.
5 Summary

Here we proposed to use a simplified model of RPD that is characterized by the step-wise power dependence or, equivalently, the switching point parameters. More specifically, the proposed model consists of the following parameters:

· Number of switching points

· Transmit power of each switching point

· RP of each switching point

Proposal: We propose to use the switching-point based model for eNB performance evaluation and UE capabililty assessment.
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