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1
Introduction
RAN4 has discussed the relative phase discontinuity requirement in CLTD [1]

 REF _Ref336257925 \r \h 
[2]

 REF _Ref336257927 \r \h 
[3]. The purpose is to give the relative phase discontinuity requirement in UE so that BS can secure the CTLD performance. As the first step, we discuss UE model on relative phase discontinuity. 
2
CTLD UE transmitter architecture
The UE transmitter in this contribution is shown in Figure 1. Baseband signal for each antenna is generated in digital baseband block (DBB). The transmitter branch consists of a digital-to-analog converter (DAC), analog baseband block (ABB), mixer, radio frequency block (RF), power amplifier (PA), tuner and antenna. Note this transmitter shares single local oscillator. We also assume both PA transmission powers are same in CLTD activation state 1 [4].  


[image: image1]
Figure 1: CLTD UE transmitter architecture.
3
Relative phase discontinuity
Relative phase discontinuity (RPD) is defined as the change of relative phase from time 
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, is the phase difference (phase misalignment) between two transmitter branches at time 
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4
Relative phase discontinuity model

4.1
Single transmitter phase discontinuity

As we mentioned above, relative phase discontinuity is derived from single transmitter phase change model, and the phase change mainly depends on two events: transmitter power ramp up/down without PA mode switching and transmitter power ramp up/down with PA mode switching [3]

 REF _Ref336260598 \r \h 
[5]. 
Phase discontinuity due to transmitter power ramp up/down without PA mode switching is the order of multiple degrees, but the phase discontinuity due to transmitter power ramp up/down with PA mode switching is more serious. It has been presented where the phase discontinuity can be as high as +/- 30 degrees at transmitter power ramp up and power ramp down.  
4.2
Relative phase discontinuity
This section discusses the relative phase discontinuity. RAN4 agreed with 2 full PA as reference architecture of CLTD [4]. As mentioned above, the PA mode switching event heavily affects the phase discontinuity. If we assume PA mode switching happen independently on two branches, the worst relative phase discontinuity become around 60 degrees. However if we assume 2 full PAs in CLTD activation state 1, it is expect the input power to two PAs are almost same, and therefore PA mode switching happen at the same time. In this case, the relative phase discontinuity is smaller than independent switching assumption. 

Table 1: Statistical relative phase model

	Transmit power (dBm)
	Relative phase change: 
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 [degrees]

	P_in_1
	30
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	P_in_2
	26
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	P_in_3
	26
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	P_in_4
	6
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	P_in_5
	8
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	P_in_6
	10
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Table 1 is an example of relative phase model 
[image: image18.wmf])

(

t

df

 from our measurement based on 2 same PAs. This relative phase change model assumes 6 mode switching points (P_in_1 < P_in_2 < P_in_3 < P_in_4 < P_in_5 < P_in_6). Here relative phase change means the phase difference between two PAs when mode switching happens, e.g., 
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 [deg] at the mode switching point P_in_1 [dBm], and 
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 are independent and identically-distributed random variables, which take into account the individual difference. The relative phase jumps at the 1st, 4th and 5th switching points with distribution 
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, and the 2nd , 3rd and 6th switching points with distribution 
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 follow the distribution 
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. The worst relative phase change in this model is the case when transmit power changes between P_in_1 (minimum transmit power) and P_in_6 (maximum transmit power), and the relative phase change is the sum of relative phase changes: 
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. The cumulative distribution of relative phase change in the worst case is illustrated in Figure 2. This figure shows the relative phase change become +/-40 degrees. However we can expect the relative phase change is much smaller because the transmitter power step is not so large. 
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Figure 2: Worst case relative phase discontinuity distribution at mode switching.
It is noted that this model does not show relative phase change without mode switching, but according to our measurement, it is negligible or the order of multiple degrees. 
We propose to use the relative phase model for CLTD relative phase discontinuity analysis. If it is agreed, we would like to agree with the detailed model such as:
· How often mode switching happens?  
· Probability distribution of relative phase change with switching happens (e.g., Table 1). 
· Probability distribution of Relative phase change without mode switching (e.g., 0 degree or assume some probability distribution?)
· How to apply relative phase change model to each single transmitter phase? Possible ways are:

· 
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5
Conclusions

This paper presented the relative phase discontinuity model based on 2 full PA architecture in CLTD. We need to agree on a common UE RPD model based on discussion and need agreement between different UE vendors. 

After agreeing on the model, we need to study the impact of relative phase discontinuity on BS receiver performance based on the relative phase model. 

We also propose time plan for UE RPD requirements:
· In RAN4#64 (November 2012)
· Agree on RPD model and link simulation assumptions.

· In RAN4#66 (Jan 2013)
· Initial link simulation results on BS receiver.
· In RAN4#66bis (April 2013)

· Further simulations or specification work depending upon initial results in.
· In RAN4#67 (May 2013)

· CR for UE RPD requirement
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