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Introduction
Relative phase discontinuity (RPD) for UL-MIMO has been studied and discussed for several meetings in [1-8]. Analysis has been carried out from both UE RF implementation and BS demodulation performance perspectives.

Based on the knowledge acquired so far, the question is how to progress the work. This contribution tries to analyse the RPD issue from RAN4 perspective and provide the recommended Way Forward.
Discussion
In last meeting, [7] gave an in-depth analysis on sources of RPD. From [7], factors affecting RPD could be: Baseband and RF Driver, Upconverter, Power Amplifier, Post PA Antenna Tuning etc. Among those factors, some could bring around 20 degree RPD at most but some of them are still unknown at this time. Besides the analysis on each factor, random measurements carried out on WCDMA UEs show that the RPD could reach 37 degrees among 10 samples.
All the study that has been done in RAN4 implies that the RPD exists and could reach the order that will compromise the codebook matching. The question is: to what extent? Contribution [4] provides analysis and simulation results from demodulation performance perspective:
For UL-MIMO, the precoder (or PMI) is measured by eNB in subframe n, but it could not be used instantaneously and would be used in subframe n+k due to processing delay. If the phase between two transmit antenna jumps sharply from subframe n to n+k, the PMI estimated previously could not match the channel after the relative phase jump, which causes the performance loss.
As per RAN4 conclusion, Rel-10 UL MIMO will only have 2Tx antenna configuration studied. Candidate codebook, or beamforming directions, under this antenna configuration would be relatively coarse, which in theory would tolerate some of the phase error. This is proved in the eDL MIMO study [8]. In addition, only rank1 transmission would be sensitive to the RPD for 2Tx scenario.
Simulation results are presented in Fig 2 in [4] and summarized in Table 1 below:
Table 1 Performance loss(dB) at 70% of the maximal throughput
	Antenna correlation
	Phase shift frequency
	Phase Continuity
	Phase Discontinuity
10° 
	Phase Discontinuity
20° 
	Phase Discontinuity
30° 
	Phase Discontinuity
60° 

	low
	1000
	0
	0.2
	0.7
	1.2
	1.4

	high
	1000
	0
	0.3
	1.9
	2.9
	N/A

	high
	500
	0
	N/A
	N/A
	1.4
	N/A

	high
	100
	0
	N/A
	N/A
	0.2
	N/A


It is worth to mention that the intention to have such a RPD requirement is to guarantee that the up link MIMO operation would actually function in real network deployment. In this case the evaluation from eNB demodulation perspective is essential to be taken into account when defining the RPD requirements. In other words, the answer to the question of “to what extent?” can be given from the evaluation of eNB performance loss:
From general understanding: 
1) any performance loss below 1 dB can be seen as marginal. It does not affect to much the MCS selection and codebook selection; 
2) any performance loss between 1 dB and 2 dB due to RPD might still be tolerable but should be restricted from happening to much. This performance loss of SNR could already easily reach the switching boundary of MCS and eat up some of the beamforming gain. 
3) any performance loss larger than 2dB should be avoided because it will make the beamforming gain marginal. 
4) any performance loss larger than 3 dB should be avoided because it would exhaust all the beamforming gain and make the uplink MIMO operation meaningless.
Based on above analysis, a proposed table is provided for the requirement of relative phase discontinuity. A text proposal is also attached in the annex.
Table 2: Proposed requirements for relative phase discontinuity
	Relative phase discontinuity Δθ in degrees
	Maximum allowed rate of occurrence in Hz

	Δθ(10
	TBD

	10<Δθ(20
	TBD

	Δθ>30
	TBD


Conclusion
This contribution analyses the RPD issue from RAN4 perspective and provides the recommended Way Forward. It is proposed to approve the proposed Way Forward and continue studying on the requirements.
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6.9
Relative phase discontinuity for UL-MIMO
The short term changes are the major contributors of performance loss. A couple of contributors can be identified:

· Different oscillators for each transmit branch.

· Antenna gain imbalance

· Temperature changes

· Changes of antenna matching network 

· Switching of PA gain stages

· Switching of analog and base band gain stages

Without trivial elaboration into each of the factors, it is clear that only the last two factors are the major contributors for the short term relative phase changes. When defining the requirements for relative phase continuity, the following factors shall be considered:

· The requirements shall be specified in a statistic manner so that improvement of relative phase discontinuity can be proportionally converted as system performance gain. 

· Some exceptions which would results in marginal performance loss can be allowed. 

· Test cases design in RAN5 can refine further the characterization of the UE relative phase discontinuity.
6.9.1 Definition of relative phase discontinuity for UL-MIMO
Relative Phase Discontinuity is defined as the changes of the Absolute Phase Difference between any two transmit antenna connectors from the preceding sub-frame to the succeeding sub-frame. The EVM for each sub-frame at each transmitter antenna connector shall be measured according to the specifications described in subclause 6.5.2B in TS36.101. The sample timing offset, the RF frequency offset, the IQ origin offset, the absolute phase, and the absolute amplitude used to correct the measured waveform at each antenna connector shall be independently calculated for each sub-frame. When the EVM measurement interval in the sub-frame is one symble, the absolute phase for the sub-frame is the average of the absolute phase used for each symbol within the sub-frame. 

The Absolute Phase Difference between any two transmit antenna connectors is calculated as the difference between the absolute phases used to calculate the EVM at each transmitter connector for each sub-frame. The Relative Phase Discontinuity between any two transmit antenna connectors is calculated as the difference between the Absolute Phase Difference for the preceding sub-frame, and Absolute Phase Difference for the succeeding sub-frame.
The requirements can be specified in a manner that the phase alignments between transmitter branches are relatively guaranteed for majority of the time. Certain exceptions are allowed to balance design and implementation costs and performance gain. Table 6.9.1-1 proposed the requirements for UE with two antenna connectors.

Table 6.9.1-1: Requirements for relative phase discontinuity
	Relative phase discontinuity Δθ in degrees
	Maximum allowed rate of occurrence in Hz

	Δθ(10
	TBD

	10<Δθ(20
	TBD

	Δθ>30
	TBD


<End of Text Proposal for TR 36.807>
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