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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], based on the eNB demodulation simulations, the maximum allowable RPD that guarantees a sufficiently large MIMO gain was evaluated. In [4], it was pointed out that it may be necessary to improve the current UE capability, i.e., the relative phase (RP) characteristic of the average UEs so as to reap most of the MIMO gain. The previous and remaining works in RAN4 were summarized and a way forward was proposed in [5].
In [6], we discussed how the UE requirements should be defined in the specification. In this contribution, we explain how the RPD of a UE should be measured, in more detail. 
2 Maximum allowable RPD
The maximum allowable RPD should be determined such that the corresponding eNB performance is acceptable. In [7], it was agreed that the UE requirements should be specified in terms of RPD distribution. Following the discussion in [2] and [6], we propose to express the maximum allowable by one or multiple RPD percentile values, as presented in Table 1 (with 
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Table 1. RPD requirements in terms of RPD distribution.

The maximum allowable RPD distribution is given as a step-wise CDF curve (solid line), as illustrated in Figure 1. The RPD requirement in Table 1 implies that the CDF curve of RPD distribution of a UE (dashed line) shall be above the step-wise CDF curve (solid line). For more details (including examples), refer to [6] and references therein.
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Figure 1. Maximum allowable RPD distribution as a step-wise CDF curve.

3 Transmit power profile

In [8], it was pointed out that the RPD distribution is affected by not only the RP characteristic of the UE but also the transmit power distribution of the network. Therefore, the maximum allowable RPD should be specified together with the so-called transmit power profile, as suggested in [7].

As agreed in [7], the RPD of a UE should be measured between the SRS symbol used for precoder selection and the PUSCH symbols applying the precoder, as illustrated in Figure 2. Therefore, the transmit power profile should specify the transmit power difference between SRS and PUSCH assumed for the measurement. In general, the SRS transmit power may be quite different from the PUSCH transmit power, as shown in Figure 2. For instance, in the case of wideband SRS transmission (48 RBs) and narrowband PUSCH transmission (5 RBs), the corresponding power difference amounts to 9.8 dB. For more details (including examples), refer to [8]. Generally speaking, the larger power difference between SRS and PUSCH a UE experiences, the larger RPD occurs to the UE, as pointed out in [8]. 
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Figure 2. RPD measurement between SRS and PUSCH.
It is quite certain that the transmit power profile should reflect realistic network scenarios. In [8], it was shown that the transmit power distribution is dependent on several link-level/system-level parameters. Figure 3 shows an example of PUSCH transmit power distribution. (In the figure, about 8 % UEs in the network are assumed to be power-limited.) It should be noted that, given such PUSCH transmit power distribution and the power difference between SRS and PUSCH, the transmit power profile can be completely specified. 
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Figure 3. Example of PUSCH transmit power distribution.

One example of transmit power profile is illustrated in Figure 4. For given power difference between SRS and PUSCH (e.g., power difference #1), the transmit power profile specifies the power sweep according to the assumed transmit power distribution (e.g., the PUSCH transmit power distribution in Figure 3). In Figure 4, every subframe is assumed to include an SRS symbol, though, during the network operation, the maximum UE-specific SRS periodicity is 2 ms [9]. Figure 4 also illustrates that the RPD of a UE is measured between an SRS symbol and the following PUSCH symbols. The same procedure is repeated for different power difference (e.g., power difference #2). How the power sweep pattern should be defined and how many power difference values should be considered are FFS. One example of the transmit power profile is to base the power sweep on the PUSCH transmit distribution in Figure 3 and repeat the measurement for the power difference of 2 dB, 5 dB and 10 dB. We propose to discuss how the transmit power profile should be defined in RAN4.
We believe that, in principle, Rel-10 UEs should be able to realize such transmit power profile with arbitrary power difference between SRS and PUSCH, during the measurement period, since such transmit power profile is based on the actual network operation. For example, it should be possible to set the power difference to 9.8 dB by adjusting the SRS power offset and/or the PUSCH/SRS bandwidth accordingly. 
[image: image15.emf]


Figure 4. Example of transmit power profile.

4 Measurement issues

4.1 EVM for SRS
For UTRA UEs, the phase discontinuity measurement result is defined as the difference between the absolute phase used to calculate EVM for the preceding timeslot, and the absolute phase used to calculate EVM for the succeeding timeslot [10]. Likewise, the RPD measurement result is defined as the difference between the RP used to calculate EVM for the preceding SRS symbol, and the RP used to calculate EVM for the succeeding PUSCH symbols (or the PUSCH part of the subframe). Consequently, the minimum requirements for EVM need to be defined for the SRS. Otherwise, the RPD measurement based on an SRS symbol would not make any sense. We propose to discuss the minimum EVM requirements for SRS in RAN4.
4.2 Transmit power tolerance 

In Section 3, it was mentioned that the transmit power of a UE should be set according to the transmit power profile during the measurement period. The control of the transmit power according to the transmit power profile is essential to the RPD measurement. However, we realize that the legacy transmit power tolerance may need to be improved significantly, at least, for the measurement period, for example, in the case of no DTX and fixed resource allocation. Otherwise, the RPD measurement based on a certain transmit power profile would not make any sense. Table 1 shows the current relative transmit power tolerance [11]. We propose to revisit the transmit power tolerance requirements in RAN4. 
	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames [dB]
	PRACH [dB]

	ΔP < 2
	±2.5 (Note 3)
	±3.0
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±4.0
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±5.0
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0

	Note 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed

Note 2:
For operating bands under Note 2 in Table 6.2.2-1, the relative power tolerance is relaxed by increasing the upper limit by 1.5 dB if the transmission bandwidth of the reference sub-frames is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the target sub-frame is not confined within any one of these frequency ranges; if the transmission bandwidth of the target sub-frame is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the reference sub-frame is not confined within any one of these frequency ranges, then the tolerance is relaxed by reducing the lower limit by 1.5 dB. 

Note 3:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ±1.0 dB.


Table 2. Relative transmit power tolerance.

5 Summary

In this contribution, we discussed how the RPD of a UE should be measured. We proposed the way forward as follows:

· Proposal #1: The maximum allowable RPD should be specified by one or multiple RPD percentile values (Table 1), which is equivalent to expressing the maximum allowable RPD distribution as a step-wise CDF curve (Figure 1).
· Proposal #2: The maximum allowable RPD should be specified together with the so-called transmit power profile, which is specified with PUSCH/SRS transmit power distribution and the power difference between SRS and PUSCH. 
· Proposal #3: The minimum EVM requirements should be newly defined for SRS. 

· Proposal #4: The legacy transmit power tolerance may need to be improved significantly, at least, for the measurement period so that the transmit power of a UE can be controlled accurately according to the transmit power profile. 
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