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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]-[4], several UE vendors provided the relevant UE models in RAN4. In [5], the transmit power distribution was provided, taking into account realistic network operations. In RAN4 #64bis, the companies presented the evaluation of RPD distribution based on the UE models and transmit power distribution [7], [8]. 
In this contribution, we provide some clarification on the RPD distribution presented in RAN4 #64bis. 
2 Summary of RAN4 #64bis
In [7] and [8], the RPD distributions are evaluated based on the UE models and transmit power distribution. The RPD distributions are quite different and the opposite conclusion was drawn on how much the UL MIMO performance is affected by RPD. In fact, there is no huge difference in the UE model and transmit power distribution. The only difference is the assumption on the power difference between PUSCH and SRS. 
In [7], the power difference is assumed to be fixed to a certain large value, e.g., 16.8 dB, assuming a group of narrowband UEs (e.g., VOIP applications) in a network configured with wideband SRS transmission. On the other hand, in [8], the power difference between PUSCH and SRS is assumed to be uniformly distributed (in dB), e.g., between 0 dB and 20 dB. This corresponds to the case where the user bandwidth (PUSCH bandwidth) is uniformly distributed in a network. However, the uniform distribution of power difference should be assumed in linear domain rather than in dB domain and, more importantly, different system configurations (e.g., SRS bandwidth and SRS power offset) should be considered together, as will be shown in the next section. 
Because of such different assumptions on the power difference, the mode switching probabilities are quite different and thus the corresponding RPD distributions are quite different. In [7], the mode switching probability is larger than 0.78 and the RPD distribution is dominated by the mode switching event. The conclusion is that the UL MIMO performance may be severely degraded by RPD, depending on the RPD due to the mode switching event. On the other hand, in [8], the mode switching probability is smaller than 0.17 and the RPD distribution is dominated by the non-mode switching event. Since RPD with non-mode switching event is assumed to be much smaller than that with mode switching event in [8], it is not surprising to see the conclusion that the impact on UL MIMO performance is quite negligible.
In the following section, we provide some clarification on the RPD distribution presented in these contributions.

3 Clarifications on RPD distribution

The transmit power of a UE is determined based on the power control formula. Specifically, the SRS transmit power 
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and the PUSCH transmit power 
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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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 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 cell-specific parameter provided by higher layers. For simplicity, we assume open-loop power control (
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From (1) and (2), it follows that the power difference between PUSCH and SRS mostly comes from the three parameters: 
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. Recalling that 
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 are common to all the UEs in a network, the distribution of the power difference in a network is typically determined by the distribution of 
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 - the distribution of user bandwidth.
Let us assume that the distribution of user bandwidth is uniformly distributed in a network, in other words, 
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 is uniformly distributed between 1 (the minimum user bandwidth) and 
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 (the maximum user bandwidth). Note that this is equivalent to assuming the uniformly distributed power difference in linear domain, as opposed to assuming the uniformly distributed power difference in dB domain in [8]. For different system configurations (e.g., SRS bandwidth and SRS power offset), the RPD distribution is evaluated in Figure 1 (
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). The remaining system parameters are given as shown in Table 1. The UE model in [8] (i.e., Model Type 2 in [7]) is assumed throughout this section. The switching points are assumed to be [2, 12] dBm. The RPD conditioned on non-mode switching event is modelled as
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as depicted in [8]. On the other hand, the RPD conditioned on mode switching event is modelled as

[image: image31.wmf](

)

(

)

2

|,,1~45,4.48

PUSCHSRS

pPPSN

q

D=

,
assuming that the RPD between two transmitter branches tends to be larger than the phase discontinuity of a single transmitter branch. If the mode switching probability is high, the RPD distribution is dominated by the mode switching event. If the mode switching probability is low, the RPD distribution is dominated by the non-mode switchin event. 
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Table 1. System parameter setting.

In Figure 1, the mode switching probability amounts to 0.17 and the RPD distribution is dominated by the non-mode switching event - with a probability of 0.83 (= 1.0 – 0.17). Thus the impact of RPD is negligible, since 83% of the UEs have about 4 degrees of RPD and 17% of the UEs have about 45 degrees. In Figure 2, the mode switching probability amounts to 0.28 and the RPD distribution is still dominated by the non-mode switching event. However, the mode switching event contributes more to the RPD distribution: 72% of the UEs have about 4 degrees of RPD and 18% of the UEs have about 45 degrees of RPD. In Figure 3, the mode switching probability amounts to 0.86 and the RPD distribution is dominated by the mode switching event – with a probability of 0.86. Thus the RPD becomes quite 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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substantial, since 14% of the UEs have about 4 degrees of RPD and 86% of the UEs have about 45 degrees of RPD.  Thus we can draw a conclusion that the RPD distribution is highly dependent on the systemconfiguration, i.e., SRS bandwidth and SRS power offset. It should be noted that, for the network where the user bandwidth is uniformly distributed, the RPD distribution may be significant, depending on the system configuration, as opposed to the conclusion in [8].
Up to now, the user bandwidth in a network has been assumed to be uniformly distributed. However, this is not always the case, for example, when a network loading is dominated by either narrowband UEs or wideband UEs. In addition, we may be more interested in supporting the layer-1 precoding (i.e., beamforming) for a group of UEs, i.e., either a group of narrowband UEs or a group of wideband UEs. Because of the difference of user bandwidth between the groups, one group inevitably suffers from much 
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Figure 4. 
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Figure 5. 
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Figure 5. 
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larger RPD than the other group. (Which of the two groups has larger RPD depends on the system configuration.) For example, for the system configuration assumed in Figure 1, a group of narrowband UEs and a group of wideband UEs are considered in Figure 4 (
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), respectively. It is shown that a group of narrowband UEs (e.g., VOIP applications) experiences substantial RPD (about 45 degrees with a probability of 0.79), whereas a group of wideband UEs does negligible RPD (about 4 degrees with a probability of 0.99). It should be noted that, if we change the system configuration, we simply end up reducing the RPD of one group at the cost of increasing the RPD of the other group. For example, in the system configuration assumed in Figure 3, a group of narrowband UEs experiences negligible RPD (about 4 degree with a probability of 0.76), whereas the
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Figure 6. 
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group of wideband UEs does significant RPD (about 45 degrees with a probability of 0.91), as shown in Figure 6 and Figure 7. From these observations, we would conclude that the assumption of uniformly distributed power difference in [8] may fail to capture the RPD distribution of a group of UEs (for which we may be more interested in supporting the layer-1 precoding). For example, in the system configuration of 
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, a network with uniformly distributed user bandwidth expereinces negligible (average) RPD as shown in Figure 1, whereas a group of narrowband UEs experiences severe RPD as shown in Figure 4. Since the presence of RPD affect the precoding selection and thus the beamforming gain, a group of UEs (i.e., the group with substantial RPD) may consume more power than it would consume without RPD. Moreover, in practice, the user bandwidth in a network is not always uniformly distributed. The network loading may be dominated by either a group of narrowband UEs or a group of wideband UEs. In this case, the whole system performance (not only the performance of a group of UEs) may be overwhelmed by the degradation due to RPD.  
· Conclusion: Based on the UE model and transmit power distribution provided by RAN4, RPD has a risk of degrading the UL MIMO performance of the network.
To sum up, assuming the UE model and transmit power distribution provided for RAN4 (e.g., [7] and [8]), the RPD of UEs in a network turns out to have a risk of degrading the UL MIMO performace significantly. Therefore, we propose that RAN4 should make further progress and define the relevant UE requirements in order to guanratee reliable UL MIMO performance.
· Proposal: RAN4 should define the UE RPD requirements in order to guarantee reliable UL MIMO performance.

4 Summary

In this contribution, we provided some clarification on the RPD distribution presented in RAN4 #64bis. It was shown that the RPD distribution highly depends on the system configuration, e.g., SRS bandwidth and SRS power offset. It was pointed out that, for the network where the user bandwidth is uniformly distributed, the RPD of the network may be significant, depending on the system configuration, as opposed to the conclusion in [8]. We also proved that the assumption of uniformly distributed power difference in [8] may fail to capture the RPD distribution of a group of UEs (for which we may be more interested in supporting the layer-1 precoding): because of the difference of user bandwidth between the groups, one group inevitably suffers from much larger RPD than the other group.
· Conclusion: Based on the UE model and transmit power distribution provided by RAN4, RPD has a risk of degrading the UL MIMO performance of the network.
To sum up, assuming the UE model and transmit power distribution provided for RAN4, the RPD of UEs in a network turns out to have a risk of degrading the UL MIMO performace significantly. Therefore, we propose that RAN4 should make further progress and define the relevant UE requirements in order to guanratee reliable UL MIMO performance.
· Proposal: RAN4 should define the UE RPD requirements in order to guarantee reliable UL MIMO performance.
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