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Introduction
In [1], RAN1 asked for RAN4 feedback on relative phase continuity for UL MIMO. 
From [1] “At the RAN1#63bis, Rel-10 UE capability related to DL MIMO and UL MIMO work items were discussed, and RAN1 identified features related DL and UL MIMO. One identified feature is relative phase continuity between multiple ports for UL MIMO transmission, which needs to be ensured for closed-loop precoding gain in UL MIMO transmission. RAN1 thinks that phase continuity should be mandatory feature of Rel-10 if UL MIMO is supported, pending on availability of RAN4 performance requirement in Rel-10 time frame, otherwise the UE capability may need to be defined for phase continuity.”
[2] points out the fact that neither the UE capabilities nor the relationship between phase continuity and system performance are known. 
From [2] “In this contribution, we discuss the LS from RAN1 and suitable ways of responding to RAN1. In particular, we recommend that RAN4 adopts a two-pronged approach. (1) After defining phase continuity, RAN4 needs to get an assessment of the tradeoff between performance and phase continuity. This can be obtained from RAN1, or by an extensive simulation campaign in RAN4 (our preference is the latter). (2) Studying UE RF architectures, RAN4 needs to decide if the requirement can be met relatively easily or not. Depending on that, RAN4 may decide to adopt requirements for all UEs or as a capability.”   
Relative phase continuity is a new requirement that to the best of our knowledge has not been addressed in either HSPA or LTE contexts below. Therefore, we believe that RAN4 should carefully study the requirement. In this document, we focus on UE architecture and describe some of the factors that relate to relative phase continuity.
Discussion
Various factors relating to Relative Phase Continuity are described below
Definition of Relative Phase Continuity
In [2] it was pointed out that the relative phase continuity i.e., the angle between the phases of the two antennas needs to be maintained in a continuous fashion.  
Also if RAN4 agrees on a definition of phase continuity the time duration over which this is measured has not been defined. 
Secondly, the RAN1 LS does not give us a quantitative assessment of how much phase continuity is needed. [2] points out that this information is needed to make an accurate determination of the effectiveness of UL MIMO performance.
Thirdly the relative phase continuity of an UL MIMO UE will be a strong function of the transmit power level. [1] does not discuss the power levels required or how they vary over time.
Although Relative Phase Continuity is not fully defined, some factors contributing to UE performance can be identified.
Relative Carrier Frequency Error
The specified UE frequency error is +/- 0.1 ppm as specified in [3] section 6.5.1B. For an architecture with independent transmitters it is natural to take this number and assume each transmitter has an error of opposite sign. So the differential error would be +/- 0.2 ppm.
To convert +/-0.2 ppm to differential phase choose an LO frequency, for example 2GHz. In this case the frequency error would be +/-400 Hz. For a 400 Hz frequency error the relative phase will change 360 degrees in 2.5 msec.
Power Dependent Relative Phase Continuity
1.1.1. Power Amplifiers
1.1.1.1. Stage Switching
UE power amplifiers are built with multiple switchable amplifier stages in order to maintain high efficiency over the top 15 to 20 dB of the operating power range. These power amplifiers exhibit higher efficiency than non-switched designs.  This results in longer battery life and in less heating, which are both desirable attributes for users, network operators and manufacturers.
During switch activation and deactivation changes in the signal phase will occur. Power amplifiers are typically specified to meet a +/- 10 degree maximum change during these switching events.
Since each power amplifier could see a change of +/-10 degrees when switching, then the relative phase continuity change can be +/- 20 degrees across a switching event.
1.1.1.2. AMPM
At the high end of the power range, approximately the top 10 dB, the power amplifiers start to exhibit amplitude dependent phase shifts (AMPM). The amount of AMPM is dependent on the specific power amplifier design. Ten degrees is a reasonable upper bound.
If the operating power levels are kept the same for both power amplifiers then a +/- 5 degree relative phase continuity is reasonable for a phase budget. This assumes the power amplifiers are both the same part number.
Baseband and RF Analog Circuitry
These circuits also have gain stages that are switched. We do not have an estimate of the relative phase continuity at this time.
Frequency Dependent Relative Phase Continuity
In order to properly budget for relative phase continuity it is important to understand whether the relative phase is expected to be held across changes in carrier frequency or RB allocation. There are a number of components that can contribute to relative phase continuity across frequency changes including RF filters and active circuits.
Condition Dependent Relative Phase Continuity
1.1.2. Tunable Antenna Elements
Tunable and switchable antenna elements are beginning to be incorporated into UE designs. Some of these may try to optimize the transmission of power by changing state during operation. Some of these devices may have state dependent phase. We will work to determine the relative phase continuity budget for these components.
Relative Phase Continuity and Temperature
The operating assumption in this document is that the time frames over which relative phase continuity needs to be maintained are short (milliseconds to seconds). If this is the case then and then budgeting for temperature is not required.
If the system requirements for relative phase continuity stability require a longer time period than this then additional budget items will have to be added for temperature.
Conclusion 
In this contribution, we discuss some of the UE factors that are related to relative phase continuity. It is not possible to come up with meaningful upper bound without specifying the operating conditions and scenarios. The timeframes involved, power ranges and the expectations and requirements across frequency are not known and play a large part in performance.
We suggest some scenarios be specified. The scenarios should be chosen based on realistic assumptions of conditions seen by the UE. These are aspects related to defining relative phase continuity. Perhaps these scenarios and conditions can come from RAN4.
Once these scenarios are known then the estimate of the UE performance can be refined.
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