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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. There has been on-going discussion concerning realistic simulation scenarios that should be agreed for eNB performance evaluation [2] and [3]. On the other hand, we’ve already started to evaluate the impact on eNB performance [4]. 
In [5], the power dependence of RP is modeled. In [6], the UE requirements on RP are discussed. In this contribution, we discuss the realistic simulation scenarios that need to be assumed in order to evaluate the UE requirements based on the proposed RP model. In addition, we provide preliminary link-level simulation results to show how much RPD affects the eNB demodulation performance.
2 Simulation scenarios
In [5], it was shown that the RPD is dominated by the power-dependent term, which is given as a function of the transmit power of the SRS transmission (measurement) and that of the PUSCH transmission (precoding). In addition, it was pointed out that the RPD is not much dependent on the transmit power history after the SRS transmission and before the PUSCH transmission. Hence, it can be concluded that the power dependence of RP and the SRS and PUSCH transmit powers are the most important inputs to the eNB performance evaluation.
In [6], it was suggested that the UE requirements should be specified as the maximum allowable RPD for a given power range. Once it is agreed in 3GPP whether/how multiple disjoint power ranges are defined considering the typical mode switching points etc., it is possible to evaluate the maximum allowable RPD that guarantees a certain level of eNB performance (e.g., less than 5% loss of the system throughput), given the SRS and PUSCH transmit powers. 

When it comes to the SRS and PUSCH transmit powers, it is of primary importance to make a realistic assumption of the transmit power profile (e.g., the CDF of transmit power). Whether the eNB performance needs to be evaluated on a link level or on a system level depends on how accurately the transmit power change can be modelled. Considering the power control [7], a UE transmitter typically changes the transmit power when (1) it switches between different physical channels (PUSCH/PUCCH) and SRS, (2) the scheduling grant changes the PUSCH bandwidth, (3) a TPC is sent from the eNB.  Consequently, it is clear that the simulation parameters involved in any of these events may affect the transmit power profile.
For realistic eNB performance evaluation, the following link-level simulation parameters needs to be properly chosen.
· Channel model: Recall that only the wideband precoding is allowed in Rel-10. Hence, the more dispersive propogation a UE experiences, the less likely the precoder is to match the channel over the whole bandwidth and the smaller precoding gain the UE can reap.

· Antenna correlation: The precoding gain generally increases with antenna correlation, since   correlated channels is more likely to be matched with one of the precoding matrices (vectors). 
· RB allocation: The larger number of RBs a UE is allocated, the less likely the wideband precoding is to provide a significant precoding gain.

· SRS configuration: The reliability of channel measurement is closely related to the SRS periodicity. Presumably, RPD does not have a significant impact on eNB performance, unless the SRS transmission is so frequent that the channel measurement can provide sufficiently accurate phase information. On the other hand, the SRS bandwidth and the SRS power offset affect the transmit power of the SRS transmission, thereby affecting the transmit power profile.
· Precoder selection: The precoder selection can be seen as the combination of rank selection and precoder matrix selection. Since the rank selection is not severely affected by RPD, the eNB performance evaluation with a fixe rank (rank-1 codebook) seems to suffice. However, it should be kept in mind that the rank selection may affect the eNB performance in a medium-to-high SNR regime (where rank-2 codebook is often selected, especially when precoder matrix selection alone does not give noticeable precoding gain).
· MCS selection: The eNB performance evaluation with adaptive MCS selection may help derive the UE requirement more accurately, though it inevitably involves implementation-dependent aspects, e.g., ACK/NACK-based outer-loop control.

· Delay between measurement and precoding: This depends on eNB implementation, though it is possible to make a reasonable assumption, for example, a minimum of 8 msec and a maximum of 18 msec, when the SRS period is 10 ms. However, as pointed out in [5], it does not have a large impact on RPD, so far as the time-dependent term of RPD remains negligible over the time frame. 
In addition, the following system-level simulation parameters also need to be carefully chosen, since they affect the transmit power profile (e.g., the CDF of transmit power).
· Scheduling algorithm: The transmit power of the PUSCH transmission is proportional to the PUSCH bandwidth, which is determined by the scheduling grant on a per-subframe basis. Consequently, the scheduling algorithm affects the transmit power profile and thus it may affect the RPD. If the RPD turns out to be frequency-dependent, it is necessary to consider the frequency position of the scheduling grant as well.
· Cell load: In the case of frequency-selective scheduling, the more heavily the system is loaded, the lower the average transmit power becomes, since a larger number of UEs tend to be scheduled at every subframe and they often end up being bandwidth-limited. Therefore, the cell load may affect the transmit power profile.
· UE traffic type: The UE traffic type, e.g., whether it is for VoIP or web-browser applications, may affect the transmit power profile through the PUSCH bandwidth profile.
· Distance from eNB: The path loss between a UE and an eNB, e.g., cell-center or cell-edge, affects the transmit power profile through open-loop power control [7]. 
· Power control: The power control parameters such as the fractional path loss compensation factor, the target SNR and the frequency of TPC may affect the transmit power profile.
· UE capability: When a cell is populated with a mixture of UEs with different capability, the RPD distribution (e.g., all UEs have the minimum required capability) may affect the eNB performance, for example, the system throughput. 
In order to evaluate the UE requirement accurately, we suggest that the simulation scenarios should include the above simulation parameters. Moreover, since the transmit power profile is highly dependent on the system-level simulation parameters, the system-level performance evaluation is preferred. 
3 Link-level simulation results

To see the impact of RPD on eNB demodulation performance, some link-level simulations results are provided in this section. A single cell-center UE (with no transmit power limit) in a cell is assumed. The precoder selection is confined to the rank-1 codebook and it is based on wideband SRS measurement. The SRS and PUSCH are assumed to have the same receive SNR. The detailed simulation conditions are summarized in Table 1. The simulation parameters are chosen to cover both an RPD-insensitive case (Case I) and an RPD-sensitive case (Case II). For simplicity, the RPD is modelled as normal distribution 
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	Case I
	Case II

	Channel model
	EVA5
	EPA5

	Antenna correlation
	0.0
	0.9

	Cell bandwidth
	25 RBs

	Resource allocation
	24 RBs
	2 RBs

	SRS periodicity
	20 ms
	10 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

	RPD
	N(0o, δR): δR = 0o, 10o, 20o, 30o, 40o, 50o, 60o, 90o, 180o


Table 1: Simulation parameters.
In the RPD-insensitive case (Case I), RPD with 
[image: image2.wmf]30

o

R

d

³

 results in more than 1 dB performance loss, as shown in Figure 1. The link-level throughput decreases significantly with 
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Figure 1: Impact of RPD on throughput (Case I).
In the RPD-sensitive case (Case II), Figure 2 shows that the performance loss is similar to the previous case for 
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 increases, the throughput performance becomes even more sensitive to RPD.
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Figure 2: Impact of RPD on throughput (Case II) 
In both of these two cases, the impact on eNB performance becomes dominant, when the RPD has 
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It is worth mentioning the rationale of normal distribution modeling of RPD. Here the 1st order approximation is applied to the power dependence of RP. In other words, RP is assumed to be linear with transmit power. In addition, the transmit power change is modeled as normal distribution 
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 in [5], it follows that 
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. However, this conclusion is valid, only when RP is linear with the transmit power and the transmit power change is modelled as normal distribution. Therefore, we suggest that realistic simulation scenarios should be agreed in 3GPP for eNB performance evaluation, taking into account the simulation paramters discussed in the previous section. 
4 Summary

Based on the RPD model [5], it was concluded that the power dependence of RP and the SRS and PUSCH transmit powers are the most important inputs to the eNB performance evaluation. Once it is agreed in 3GPP whether/how multiple disjoint power ranges are defined considering the typical mode switching points etc. in [6], it is possible to evaluate the maximum allowable RPD that guarantees a certain level of eNB performance, given the SRS and PUSCH transmit powers. Hence, it is of primary importance to make a realistic assumption of the transmit power profile.
In order to evaluate the UE requirement accurately, we suggest that the simulation scenarios should include the simulation parameters discussed in this contribution. Since the transmit power profile is highly dependent on the system-level simulation parameters, the system-level performance evaluation is preferred.
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