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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 RAN4 #63 we discussed the definition of UE requirements in detail, and the following proposal was agreed [6]:

· The maximum allowable RPD should be specified by one or multiple RPD percentile values, which is equivalent to expressing the maximum allowable RPD distribution as a step-wise CDF curve.
In this contribution, we present further clarifications on the UE RPD requirements and propose the way forward.
2 RPD measurements
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 1. More specifically, 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). 
· Proposal #1: 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.

Therefore, both SRS and PUSCH should keep the EVM sufficiently low so that the RP measurements can be accurately fulfilled. Otherwise, the RPD minimum requirements discussed in Section 3 may not be satisfied, since the RP measurements tend to be perturbed severely. Therefore, RAN4 should make sure that the EVM of SRS and PUSCH is kept sufficiently low during the RPD measurements.

· Proposal #2: The EVM of SRS and PUSCH should be kept sufficiently low during the RPD measurements so that the RP of SRS and PUSCH can be measured accurately.

[image: image1.emf]


Figure 1. UL transmission of SRS and PUSCH.
3 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], it was agreed in RAN4 #63 that the maximum allowable RPD should be expressed by one or multiple RPD percentile values, as presented in Table 1 with the numbers inside the square brackets left FFS. (The number of RPD percentile values may also be different from Table 1.)
	RPD Δθ in degrees
	Minimum allowed time in percentage

	Δθ ( [15]
	[80]

	Δθ ( [30]
	[90]

	Δθ ( [45]
	[100]


Table 1. Relative phase discontinuity minimum requirements.

The maximum allowable RPD distribution is given as a step-wise CDF curve (solid line), as illustrated in Figure 2. The RPD requirement in Table 1 implies that the CDF curve of measured 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 2. Maximum allowable RPD distribution as a step-wise CDF curve.

4 Transmit power setting
Considering the dependence of RP on transmit power [8], the transmit power of SRS and PUSCH should be fully specified for the RPD measurements. In other words, the maximum allowable RPD should be specified together with pre-defined transmit power setting. 
The transmit power of SRS and PUSCH is determined by the power control of the UE. As shown in [8], in a real cellular network, the transmit power is typically distributed over a wide power range. More importantly, there may be a huge power difference between SRS and PUSCH, as illustrated in Figure 1. 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.

Table 2 shows an example of the transmit power setting. The PUSCH transmit power is swept over the whole power range, i.e., the power range between the minimum output power (e.g., -40 dBm) and the maximum output power (e.g., 23 dBm). 
· Proposal #3: The PUSCH transmit power should be swept over the whole power range during the RPD measurements.

In this example, the PUSCH power sweep is fulfilled with the power step of 1 dB and the SRS-PUSCH power difference of 5 dB. The SRS transmit power is constrained to the same power range to which the PUSCH transmit power is constrained, as shown in Table 2. The specific values for the PUSCH power step and the SRS-PUSCH power difference are still FFS. Note that it may be necessary to measure RPD for different values for PUSCH power step and SRS-PUSCH power difference, e.g., PUSCH power step of 3 dB and SRS-PUSCH power difference of 10 dB.
· Proposal #4: The PUSCH power sweep should be performed for given PUSCH power step(s) and SRS-PUSCH power difference(s). 
It should be noted that the power levels in Table 2 are the nominal (target) power levels. The actual power levels may deviate from these nominal power levels. For example, the current relative power tolerance requirements are too loose to perform the PUSCH power sweep accurately. For the reason, we suggest using the TPC commands to reach each of the desired power levels during the PUSCH power sweep. For example, once the RPD is measured in Measurement Subframe #1, the TPC commands are applied until the UE reaches the desired power level of -39 dBm in Measurement Subframe #2. 
· Proposal #5: The PUSCH power sweep should use the TPC commands to reach each desired power level. 

	Measurement Subframe Number
	PUSCH nominal power in dBm
	SRS nominal power

In dBm

	1
	-40
	-35

	2
	-39
	-34

	3
	-38
	-33

	4
	-37
	-32

	5
	-36
	-31

	⁞
	⁞
	⁞

	57
	16
	21

	58
	17
	22

	59
	18
	23

	60
	19
	24

	61
	20
	23

	62
	21
	23

	63
	22
	23

	64
	23
	23


Table 2. Example of transmit power setting.
5 Resource allocation setting

Although we believe that the RPD of a UE is mostly dependent on the transmit power, the resource allocation of SRS and PUSCH may affect the measurement results. For example, in [9], the measurement results implied frequency-dependent characteristic of RPD. 
In [8], it was pointed out that, in a real network, the SRS resource allocation depends on whether SRS transmission is configured to be wideband (non-hopping) or frequency-hopping. The SRS bandwidth has a maximum of almost the whole cell bandwidth (e.g., 96 RBs for 20 MHz cell bandwidth) and a minimum of 4 RBs. Also, it was said that the PUSCH resource allocation is determined by the scheduling algorithm (e.g., frequency selective scheduling) and the cell load (e.g., heavily load vs. lighly loaded) etc. The PUSCH bandwidth has a maximum of almost the whole cell bandwidth and a minimum of 1 RB (e.g., VoIP). However, it is practically impossible to perform the measurements for all possible resource allocations.
It is unclear how the resource allocation of SRS and PUSCH transmissions should be set during the RPD measurements. 
6 Summary

In this contribution, we discussed the RPD requirement issues and proposed the following way forwards:

· Proposal #1: 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.
· Proposal #2: The EVM of SRS and PUSCH should be kept sufficiently low during the RPD measurements so that the RP of SRS and PUSCH can be measured accurately.
· Proposal #3: The PUSCH transmit power should be swept over the whole power range during the RPD measurements.
· Proposal #4: The PUSCH power sweep should be performed for given PUSCH power step(s) and SRS-PUSCH power difference(s).
· Proposal #5: The PUSCH power sweep should use the TPC commands to reach each desired power level.
In addition, it is unclear how the resource allocation of SRS and PUSCH transmissions should be set during the RPD measurements. We encourage RAN4 to join the discussion and finalize the UE requirement works.
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