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1 Introduction
RAN1 asked RAN4 for the feedback on a relative phase discontinuity (RPD) issue for UL MIMO [1]. Since RAN1 did not present any guideline on how much RPD is allowable to guarantee reasonable Rel-10 performance, it was suggested in [2] that RAN4 evaluate the impact on eNB performance and look into the UE requirement on RPD. In [3], we discussed the realistic simulation scenarios that need to be agreed in order to evaluate the eNB performance. In addition, we provided preliminary link-level simulation results. In [4], we proposed a simplified mode based on switching point parameters.
In this contribution, based on the model proposed in [4], we provide more link-level simulation results to show the impact of RPD on eNB demodulation performance.
2 Background
In [4], it was proposed that RPD should be modelled based on the step-wise power dependence exemplified in Figure 1, or, equivalently, the switching point parameters exempflied in Table 1.
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Figure 1. Example of the power dependence of RP.
	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).
Given the switching-point based model, it is the transmit power change between the SRS and PUSCH transmissions that determines the RPD between these two transmissions. A UE follows the power control formulas in order to calculate the transmit power [5]. Specifically, the SRS transmit power 
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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 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. Here it is assumed that the transmit power change over a time frame of a few ten milliseconds mostly comes from the bandwidth change (i.e., the change of 
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 and 
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). Recall that the SRS bandwidth typically remains static for such a short time frame, while the PUSCH bandwidth is determined by the TTI-based scheduling decision. Consequently, it is reasonable to assume constant SRS transmit power and time-varying PUSCH transmit power for the time frame of interest, as illustrated in the top of Figure 2. Note that this is equivalent to deterministic SRS transmit power and random PUSCH transmit power. Here the SRS transmission is assumed to have a period of 10 miliseconds and a transmit power of 10 dBm. (The 1st subframe and the 10th subframe are used for the SRS transmission in this example.) The average PUSCH transmit power is assumed to be 0 dBm. For illustration purpose, the transmit powers of several switching points (2 dBm, 10 dBm and 14 dBm) are indicated by the dashed lines in the figure.
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Figure 2. Example of transmit power and RPD: transmit power (top) and RPD (bottom).
As pointed out in [4], we are interested in the RPD between the SRS transmission used for precoder selection and the subsequent PUSCH transmission applying the precoder, which affects the eNB demodulation performance, more accurately, the optimality of precoder selection. As shown in the bottom of Figure 2, the RPD between the SRS and PUSCH transmissions changes only when the PUSCH transmit power crosses a switching point. More importantly, RPD is always taken among a finite number of RPD values (which are determined by the switching point parameters). This is a good approximation of realistic RPD distribution, as long as RP is dominated by the mode switching of UE transmitters [4]. 
Note that the RPD distribution directly determines the eNB demodulation performance. Recalling that RPD distribution is approximately constrained on a finite number of RPD values, two types of RPD distribution are assumed in Figure 3. Type 1 distribution has a single 100-th percentile RPD value (
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), whereas Type 2 distribution has 3 different percentile RPD values (
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). Note that Type 1 distribution simply assumes that RPD is deterministic, whereas Type 2 distribution assumes that RPD is randomly chosen among the 3 RPD values. It should be mentioned that these two types of RPD distribution are more or less representative of realistic RPD distribution. For example, Type 1 distribution is readily applicable to the case where both the SRS and PUSCH transmit powers remain static for the time frame of interest. Of course, the 100-th percentile RPD value is determined by the transmit power difference between the SRS and PUSCH transmissions. On the other hand, the RPD distribution in [4] exemplifies Type 2 distribution with the percentile RPD values of 0 degree (3th percentile), 26 degrees (35th percentile) and 52 degrees (100th percentile). We assume these two types of RPD distribution to evaluate the impact on eNB demodulation performance in the following section.
[image: image21.emf]


Figure 3. Different types of RPD distribution.
3 Link-level simulation results

The eNB demodulation performance is evaluated for many different RPD distributions. The precoder selection is confined to the rank-1 codebook and it is based on wideband SRS measurement. The SRS and PUSCH transmissions are assumed to have the same receive SNR. The detailed simulation assumptions are summarized in Table 2.
	Channel model
	EPA5

	Antenna correlation
	0.9

	Cell bandwidth
	25 RBs

	Resource allocation
	2 RBs

	SRS periodicity
	5 ms

	Maximum transmission
	4

	Measurement-precoding delay
	8 ms

	Number of UEs
	1

	MIMO configuration
	2 x 2

	Equalization
	MMSE

	Channel estimation
	Practical

	Noise variance estimation
	Practical

	Synchronization
	Ideal


Table 2. Simulation parameters.
Regarding the two types of RPD distribution, Table 3 summarizes the RPD distribution parameters assumed in the simulations. For example, the parameter combination of [80, 90, 100] and [15, 30, 45] in the table represents the RPD distribution with the percentile RPD values of 15 degrees (80th percentile), 30 degrees (90th percentile) and 45 degrees (100th percentile). This is illustrated on the left-hand side of Figure 4. Both Type 1 distribution with the 100-th percentile RPD of 0 and Type 2 distribution with [0, 0, 0] correspond to the ideal case, i.e., the case without any RPD. 
	
	X (percentile)
	RPDX (degrees)

	Type 1
	100
	0

	
	100
	15

	
	100
	30

	
	100
	45

	
	100
	60

	
	100
	75

	
	100
	90

	Type 2
	[80, 90, 100]
	[0, 0, 0]

	
	[80, 90, 100]
	[5, 15, 30]

	
	[80, 90, 100]
	[15, 30, 45]

	
	[80, 90, 100]
	[15, 30, 60]

	
	[80, 90, 100]
	[15, 45, 60]

	
	[80, 90, 100]
	[15, 45, 75]

	
	[80, 90, 100]
	[30, 45, 60]

	
	[80, 90, 100]
	[30, 45, 75]

	
	[80, 90, 100]
	[30, 60, 75]

	
	[80, 90, 100]
	[45, 60, 75]


Table 3. RPD distribution parameters.
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Figure 4. Illustration of RPD distribution parameters: [15, 30, 45] (left) and [5, 15, 30] (right).
The eNB demodulation performance for Type 1 distribution is presented in Figure 5. Assuming that more than 0.5 dB performance loss cannot be tolerable, it turns out that the 100-th percentile RPD value should be kept lower than 45 degrees.
The eNB demodulation performance for Type 2 distribution is presented in Figure 6. Again, assuming that more than 0.5 dB performance loss cannot be tolerable, the 100-th percentile RPD value higher than 60 degrees seems to be problematic. As shown in the figure, the performance loss for [15, 30, 45] is lower than 0.2 dB and the RPD distribution may be acceptable from eNB’s point of view. It is important to understand that some of the RPD distributions in Table 3 lead to better eNB demodulation performance. For example, the performance for [5, 15, 30] is always better than that for [15, 30, 45], since, as shown in Figure 4, the CDF for [5, 15, 30] (right) is higher than that for [15, 30, 45] (left) over the entire RPD regime. This implies that, once it is agreed that the performance loss for a certain RPD distribution is tolerable, any RPD distributions with a higher CDF always guarantee better eNB demodulation performance. This is consistent with the argument that the RPD distribution directly determines the eNB demodulation performance.
We encourage the UE vendors to provide the information on the switching point parameters so that we can evaluate the RPD distribution and also the eNB demodulation performance. We believe that this will help to progress the relevant UE requirement work in RAN4.
Proposal: The RPD distribution directly determines the eNB demodulation performance. We propose that the UE vendors should provide information on the switching point parameters so that the RPD distribution and the eNB demodulation performance can be evaluated.
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Figure 5. eNB demodulation performance for Type 1 distribution.
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Figure 6. eNB demodulation performance for Type 2 distribution.
4 Summary

In this contribution, based on the switch-point based model, we evaluated the eNB performance impact for different RPD distributions. It was pointed out that the RPD distribution suffices to evaluate the eNB demodulation performance. The two types of step-wise RPD distribution were assumed for the link simulations. The simulation results show that the RPD distribution characterized by 15 degrees (80-th percentile), 30 degrees (90-th percentile) and 45 degrees (100-th percentile) results in an insignificant performance loss.
Proposal: The RPD distribution directly determines the eNB demodulation performance. We propose that the UE vendors should provide information on the switching point parameters so that the RPD distribution and the eNB demodulation performance can be evaluated.
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