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1.
Introduction

Following the introduction of the UE phase discontinuity measurement to 25.01 release 5 it is necessary to draft a suitable conformance test. This paper discusses one option for achieving this.

2.
UE Phase discontinuity minimum requirement

From 25.101 v 5.6.0:

6.8.4
Phase discontinuity

Phase discontinuity is the change in phase between any two adjacent timeslots. The EVM for each timeslot (excluding the transient periods of 25 us on either side of the nominal timeslot boundaries) shall be measured according to subclause 6.8.2. The frequency, absolute phase, absolute amplitude and chip clock timing used to minimise the error vector are chosen independently for each timeslot. The phase discontinuity result is defined as the difference between the absolute phase used to calculate EVM for the preceding timeslot, and the absolute phase used to calculate EVM for the succeeding timeslot.
6.8.4.1
Minimum requirement

The rate of occurrence of any phase discontinuity on an uplink DPCH for the parameters specified in table 6.16 shall not exceed the values specified in table 6.17. Phase shifts that are caused by changes of the UL transport format combination (TFC) and compressed mode are not included. When calculating the phase discontinuity, the requirements for frequency error and EVM in subclauses 6.3 and 6.8.2 for each timeslot shall be met.

Table 6.16: Parameters for Phase discontinuity

	Parameter
	Unit
	Level

	Power control step size
	dB
	1


Table 6.17: Phase discontinuity minimum requirement

	Phase discontinuity Δθ in degrees
	Maximum allowed rate of occurrence in Hz

	Δθ ( 30
	1500

	30 < Δθ ( 60
	300

	Δθ > 60
	0


3.
Interpretation of the minimum requirement – the need for hysteresis

The phase discontinuity requirement applies under all channel conditions. The key parameters are how large the phase discontinuity is and how often it occurs. Since the primary mechanism (although not the only one) for phase discontinuity is changes in the output power, it is important to consider the need for hysteresis, which is built into the minimum requirement but not stated explicitly. When developing a conformance test his needs to be taken into account.

Consider the following power and phase trajectory:


For example, if a UE had a power vs. phase response as shown, with a gain switch occurring between 2dBm and 3 dBm that causes a step in the output phase, what would happen if power control were to oscillate around this point?

Without hysteresis around the gain switch point, the output phase could alternate over 60 degrees per slot and fail the minimum requirement.

In order not to fail the minimum requirement for <60 degree phase changes occurring more than once per five slots, it is necessary to implement the switch point with some hysteresis. So how much hysteresis is needed?

There will be many fading cases where the required change in power will exceed the ability of the power control to keep up. So it is reasonable to assume the effect of a worst-case fade will be limited by the rate at which the power control can change.  Using this assumption, for the case above, what are the worst-case conditions that could re-trigger the switch point at the 3 dBm to 2 dBm transition within a five slot period? Ignoring the granularity of the power control for now, it would seem that the farthest that the power can change from the switch point would be to go up 2.5 dB for 2.5 slots then back down again. It is over this power range that we would need to check for any re-trigger of the same gain switch.

Taking into account the one slot and one dB resolution of the power control, this translates into an effective 3 slot range, where after triggering a gain switch while decreasing power, it is necessary to step up 3 dB and back down through the same switch point to ensure it has been implemented with sufficient hysteresis so as not to fail the five-slot requirement for gaps between phase steps > 30 degrees (and < 60 degrees).

But if we assume that there could be any number of points in the output power range where a phase step might occur, then this would require us, after discovering a phase change > 30 degrees to reverse the direction of the power control for five slots to ensure no recurrence of any phase change > 30 degrees.

4.
Design of a test

Given the need to check the whole dynamic range of the UE plus check for hysteresis, a test could be done several different ways,

· Start at max power and step all the way down

· Start at min power and step all the way up

· Start at max power and step all the way down with 5 slot hysteresis check

· Start at min power and step all the way up with 5 slot hysteresis check

It could be argued that the checks with hysteresis are a superset of the check without hysteresis, so a minimal conformance test could just be the one with hysteresis.

In order for the test system to be able to control the UE and capture the dynamic signal, it will be necessary to use power control algorithm 2. This is not ideal since algorithm 1 is going to be the one used for deployment, but its use in testing would introduce uncertainty in the test and significantly complicate the test procedure. This is because with today’s measurement technology, it is not possible for the test system to return a phase discontinuity result based on the Global in-channel TX method at the speed at which power control algorithm 1 operates. The use of algorithm 2 however allows precise control of the UE using the “no change” feature, and allows for the test to proceed at a pace, which incorporates the measurement from one step to the next.

It is therefore assumed that the algorithms in the UE that control switch points and hysteresis are not affected by the use of the slower algorithm 2. If this were not the case then the procedure would need to be redesigned.

So the test procedure for the downward direction with 5 dB hysteresis could look something like this:

Label START;

Perform standard call set-up using power control algorithm 2 and 1 dB per step

Set UE to max power

LET Done_hysteresis_check = FALSE

FOR UE_Power = Max_Power TO Min_Power Step -1

    Send one “down” TPC command 

    IF PHASE_DISCONTINUITY <= 30 degrees THEN jump to Label NEXT

    IF PHASE_DISCONTINUITY > 60 THEN FAIL

    IF Done_hysteresis_check = FALSE THEN

        For Hysteresis_Count = 1 to 5

            Send one “up” TPC command

            IF PHASE_DISCONTINUITY > 30 degrees THEN FAIL

            IF P < Max_Power THEN UE_Power = UE_Power + 1

        NEXT Hysteresis_Count

        LET Done_hysteresis_check = TRUE

    ELSE Done_hysteresis_check = FALSE

Label NEXT;

Next UE_Power

And the procedure for the upward direction could look like this:

Label START;

Perform standard call set-up using power control algorithm 2 and 1 dB per step

Set UE to min power

LET Done_hysteresis_check = FALSE

FOR UE_Power = Min_Power TO Max_Power Step 1

    Send one “up” TPC command 

    IF PHASE_DISCONTINUITY <= 30 degrees THEN jump to Label NEXT

    IF PHASE_DISCONTINUITY > 60 THEN FAIL

    IF Done_hysteresis_check = FALSE THEN

        For Hysteresis_Count = 1 to 5

            Send one “down” TPC command

            IF PHASE_DISCONTINUITY > 30 degrees THEN FAIL

            IF UE_Power > Min_Power THEN UE_Power = UE_Power - 1

        NEXT Hysteresis_Count

        LET Done_hysteresis_check = TRUE

    ELSE Done_hysteresis_check = FALSE

Label NEXT;

Next UE_Power

5.
Applicability

Due to restrictions on changes to R99, the UE phase discontinuity was only added to release 5 even though it is clearly a fundamental requirement for operation of any network. It is therefore proposed that the test for UE phase discontinuity be considered as release independent.

6.
Proposal

If the above test design can be agreed, the a CR can be raised to 34.121 to add the UE phase discontinuity test based on a downwards and upwards sweep with a 5 dB hysteresis check
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