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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 provide a statistical UE model for the RPD requirements, which includes the device-to-device spread in the switching-point based model. Such a UE model is used to figure out how easily the RPD requirements proposed in [4] can be achieved.
2 Statistical UE Model
The power dependence of the relative phase (RP) of UEs is modelled as shown in Table 1. 
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Table 1. Statistical UE model.

The RP characteristic of a UE, i.e., the power dependence of RP, is assumed to be step-wise. In total, 6 switching points are assumed, and their transmit power levels and RPs are considered as the model parameters [3]. Two independent and identically-distributed random variables (
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) are introduced to take into account the device-to-device spread of the average UEs. The RP jumps of the 1st, 4th and 5th switching points scale with 
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, whereas the other RP jumps scale with 
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. Based on our measurements, we propose to model the scaling factors as
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If there is no scaling for a UE, i.e., 
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, the RP characteristic of the UE is given as in Figure 1. Before concluding this section, it should be noted that, according to the above model, typical UEs tend to experience even smaller RP than shown in Figure 1 (since the scaling factors are usually smaller than 0.5). In addition, it should also be noted that RP does not always increase with transmit power, since the scaling factors may be a negative value. 
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Figure 1. Example of RP characteristic (no scaling).
3 UE Feasibility Test

Once the RPD requirements, i.e., the maximum allowable RPD guaranteeing sufficient MIMO gain is agreed, RAN4 should decide whether the agreed requirements are achievable [5]. Given the statistical UE model in Section 2, it is possible to figure out the feasibility of RPD requirements. Since RAN4 has not agreed to the requirements, we assume the following RPD requirements proposed in [4] throughout this paper, as assumed in [6].
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Table 2. Example of RPD requirement.

Regarding the transmit power distribution, we assume the following system parameters, which are similar to those assumed in [7].  
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Table 3. Example of transmit power distribution.

For each UE, we simulated the probability that RPD is lower than a certain value, e.g., 15 degrees. Assuming the statistical UE model proposed in Section 2, we repeated this simulation with respect to one million UEs and collect the statistics of the probability. Note that this corresponds to the UE feasilibilty test. For example, the probability that RPD is lower than 15 degrees should be higher than 80% to satisfy the RPD requirements in Table 2. The UE feasibility test evaluates the percentage of UEs satisfying such a condition. 

Figure 2-6 show the distribution of the probability that RPD is lower than 5 degress, 10 degrees, 15 degrees, 30 degrees and 45 degrees, respectively. (In our simulation, not a single UE among one million UEs exceeds RPD of 60 degrees.) It is possible to figure out how many percentages of UEs achieve the RPD requirements in Table 2. From Figure 4, it can be found out that 87% UEs can achieve RPD of 15 degrees at the minimum probability of 80%. Likewise, from Figure 5, it can be understood that 99. 6% UEs can achieve 30 degrees at the minimum probability of 90%.  Finally, Figure 6 shows that 99.997% UEs succeed in achieving 45 degrees at the probability of 100%, i.e., on every occasion. Thus, it can be concluded that 87% of the average UEs can satisfy the RPD requirements proposed previously. Of course, it is possible to allow more UEs to satisfy the RPD requirements by relaxing the 80-th percentile RPD slightly. For example, by relaxing the minimum allowable probability down to 70%, 95% UEs can achieve 15 degrees, as shown in Figure 4. However, we prefer to improve the UE capability (without any relaxation) in order to guarantee sufficient MIMO gain. 
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Figure 2. Distribution of the probability that RPD is lower than 5 degrees.
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Figure 3. Distribution of the probability that RPD is lower than 10 degrees.
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Figure 4. Distribution of the probability that RPD is lower than 15 degrees.
[image: image37.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Probability that RPD is lower than 30 degrees

UE percentage (%)


Figure 5. Distribution of the probability that RPD is lower than 30 degrees.
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Figure 6. Distribution of the probability that RPD is lower than 45 degrees.
4 Summary

In this contribution, a statistical UE model was presented, which includes the device-to-device spread in the switching-point based model. Based on such a UE model, UE feasibility test was carried out, showing that 87% UEs can achieve the RPD requirements proposed previously. 

Although some requirement relaxation help to ease the UE implementation (in terms of the RP characteristic), we prefer to improve the UE capability instead, in order to guarantee a sufficiently large MIMO gain. 
We hope to agree on a UE model, based on the input from UE vendors in this meeting.
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