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Introduction:

The impact of UE uplink phase discontinuity on system performance was discussed in RAN4#21 meeting in Sophia Antipolis.  Two documents were presented for discussion [1], [2].  But, no decision was reached.  This paper seeks to continue the discussion and as a result, a decision.

Power steps resulting from power control:

Power steps due to inner loop power control occur in 1 dB, 2 or 3 dB steps (Table 1) [3].  The inner loop power step is defined as the relative power difference between the mean power of the original (reference) timeslot and the mean power of the target timeslot.  As a result there is potentially phase discontinuity at slot boundaries.  However, these are small power step size that should not cause phase discontinuity.  Any phase change due to inner loop power control would be slow and should not impact UL performance.  These slow phase changes are analogous to UL signal in moving propagation conditions.  


Table 1: Transmitter Inner Loop Power Control Step Size

	TPC_cmd
	Transmitter power control range

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	+0.5 dB
	+1.5 dB
	+1 dB
	+3 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	-0.5 dB
	-1.5 dB
	-1 dB
	-3 dB
	-1.5 dB
	-4.5 dB



Power steps resulting from Change of TFC:  

Change of TFC is achieved by varying the gain factors c and d on radio frame basis.  Change of TFC can occur in different power step size ranging from zero to 21 dB (Table 2) [3].  The larger step size potentially can cause UE UL phase discontinuity.  However, they occur less frequency as they can only occur on radio frame basis [2]. 

Table 2:  Transmitter Power Step Size Due to Change of TFC

	Power step size (Up or down)

P [dB]

	0

	1

	2

	3

	4 (P (

	11 (P (

	16 (P (20

	21 (P


Defining Phase Discontinuity:

Averaging technique as proposed by Agilent in R4-02351 may lead to an optimistic result.  The idea is illustrated below.  It is unlikely that the phase shift is a true discontinuity occurring at exactly the slot or frame boundary.  It is more likely that the phase shift will occur over a non-zero time period.  Consider for example a phase response as shown in Figure 1.  The average phase in slot 1 is 45( (point A) and the average phase in 135((point B).  The phase change calculated by taking the average phase is 90( as expected.  Now consider the phase change in between slot 2 and slot 3.  Using the averaging technique, the phase change is 45( as compare to the actual phase change of 90(.  Therefore, we can see that defining phase discontinuity as the difference between the average of the phase in one and the next slot can lead to an incorrectly optimistic result.  As a consequent, phase discontinuity must be defined as rate of change of phase over time.




Figure 1.  Example Phase Response 
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Uplink System Performance Impact Due to Phase Discontinuities:

It can be shown that uplink system performance can be impacted by the magnitude and frequency of occurrence of phase discontinuities.  Table 3 shows UE uplink EVM as a function of phase discontinuities in magnitude and occurrence per frame.  We can see that larger phase discontinuities can be tolerated if there are few occurrences per frame.  Therefore, a specification that requires the UE to meet phase change constraint of less than 20( at every slot is unnecessarily restrictive on the UE.    
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Table 3.  Impact of Uplink Phase Discontinuity on EVM

Conclusion:

Based on reasons outlined above, we propose the requirement for UE uplink phase discontinuity as given below.

6.8.4
Maximum Phase Shift

The Maximum Phase Shift is a requirement on the phase of the UE transmitted signal. The phase shift is defined as rate of change of phase over time.
6.8.2.1
Minimum requirement

The UE shall not have a phase discontinuity greater than 90 degrees occurring in any 15-slot period; a phase discontinuity is defined herein as a change in phase per change in time of greater than 90 degrees/0.667 msec

Table 6.15: Parameters for Maximum Phase Shift Measurement

	Parameter
	Unit
	Level

	Operating conditions
	
	Normal conditions

	Power control step size
	dB
	1
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