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Summary

This document proposes a structure for a new requirement for UE phase discontinuity. Actual performance figures are left as TBD until more simulation work can be carried out.

Scope of current the specifications – what is covered and what is not

The first issue is to understand what is already covered in the specifications and where there might be gaps. The existing relevant requirements that contribute to the uplink in-channel signal quality are Frequency Error (25.101 6.3) and Error Vector Magnitude (25.101 6.8.2). On closer examination it can be seen that the EVM measurement process includes the measurement for frequency error. The applicability of these requirements is further elaborated in 25.101 6.4.2 Inner Loop Power Control in the Uplink, which removes any requirement on the transmitted UE power for 25 us either side of the slot boundary. Similar relaxations can be found in 25.101 6.5.2 Transmit ON/OFF time mask, 25.101 6.5.3 Change of TFC and 25.101 6.5.4 Power Setting in Uplink Compressed Mode.

Therefore it can be seen that under normal system operating conditions, where channel fading, inner loop power control, Transport Format Changes and Compressed mode are all employed, there is currently no specification for the UE’s modulation quality for 25 us either side of the slot boundaries. This leads to the current problem that the absolute phase of the UE is not controlled from slot to slot. Observation of mobiles during product development does indeed show that some implementations are prone to phase transients that upset receiver demodulation.

Impact of phase discontinuity on system performance

The impact of phase changes on Node B demodulation is very complex and includes leakage between I and Q as well as loss of code orthogonality resulting in reduced processing gain. An instantaneous 45 degree step would cause QPSK demodulation to completely fail until a new phase reference was established. The potential impact of a phase error will be greater for higher rate channels that have less processing gain. The position of the discontinuity in the slot will effect some methods of demodulation more than others. A continuous process that tracks the phase will be vulnerable to phase discontinuities wherever they are. However, a more computationally intense batch demod process will also be vulnerable if the discontinuity is not near the edge of the batch. Since nothing is specified about the Node B demodulation process, it will be difficult to come up with a robust specification for the UE as any simulations would be based on proprietary demodulation algorithms. As well as the size of any discontinuity, the rate at which it can occur is probably even more significant and needs to be specified.

Suitability of EVM as a measure of phase discontinuity

It has been proposed that EVM would be a suitable measure of UE phase discontinuity. This is certainly the case for the middle of the slot where the power is expected to be stable. Any phase discontinuity during this period will have a major effect on EVM. Whether this measure will accurately predict the impact on specific Node B demodulation algorithms is unclear, however, this is an existing R99 requirement and this proposal does not plan to change it.

The remaining issue is to develop an appropriate measure for phase discontinuity across multi-slot periods. It is not apparent that the direct use of EVM across the slot boundary is useful since it is already the case that EVM is not specified during the transition due to uncertainty in the power. There are problems in defining the phase reference for EVM, which could be before, including, or after a discontinuity. If for instance the EVM of a signal was computed over a two-slot sample using a single estimate of absolute phase and frequency error, the result from the best fit EVM algorithm would be unlikely to correlate well with the impact on demodulation. So although EVM may itself not be a good method to measure phase discontinuities, the EVM process can however be used to directly calculate the relative phase of each timeslot, and it is this method which is proposed in the CR below.

Conditions under which phase discontinuity should be specified

It is necessary to consider under what conditions the UE phase discontinuity should be specified. There may be static mechanisms such as oscillator stability to consider, but the more interesting ones relate to changes in topology of the UE output section, specifically those stimulated by changes in power. It is to be expected that given the large dynamic range over which the UE operates, there will be a need for the switching of gain or attenuation blocks into the signal path. These are likely to influence the output phase as seen by the Node B in ways that are not predicted by the existing channel models.

Factors to take into account in considering the conditions under which to specify phase discontinuity include:

· The size of the discontinuity

· The frequency of occurrence of the discontinuity

· The data rate of the channel

· The characteristics of the Node B demodulation algorithm

Factors that will influence the rate of occurrence include:

· The propagation conditions

· The use of hysteresis in the level around switching points that cause phase discontinuities

· The extent to which compressed mode and TFC changes occur

· Power control step size

Proposal

It is proposed in the appended CR that the UE phase discontinuity should be specified as being the difference in average phase between adjacent slots or across a compressed mode gap. The phase is measured by performing an EVM measurement (excluding the transient periods) across each timeslot and then comparing the absolute phase computed for each timeslot. It will also be necessary to ensure that every individual EVM measurement also results in a frequency error that is within the 0.1 PPM requirement otherwise very large linear phase shifts across the timeslot could be missed.

The existing frequency error spec of 0.1 PPM applied at 2 GHz across a 667 us slot width would allow for 48 degrees of phase shift across the burst. The EVM of such a signal would be nominally 0% as the EVM algorithm removes carrier frequency as part of the method. It is therefore essential to perform frequency error and EVM measurements from the same sample to ensure that both requirements are simultaneously met.

Notes on conformance testing

A conformance test could be developed using inner loop power control to step up and down the UE power range checking for phase discontinuities. Using different combinations of fading rates and depths, a requirement for hysteresis around points of major phase discontinuity could be derived which would simulate UE phase behaviour under various propagation conditions. This would represent a simplified environment that would lend itself to the measurement of phase discontinuity.
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6.8
Transmit modulation

6.8.1
Transmit pulse shape filter

The transmit pulse shaping filter is a root-raised cosine (RRC) with roll-off =0.22 in the frequency domain. The impulse response of the chip impulse filter RC0(t) is:
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Where the roll-off factor =0.22 and the chip duration is 
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6.8.2
Error Vector Magnitude

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Both waveforms pass through a matched Root Raised Cosine filter with bandwidth 3,84 MHz and roll-off =0,22. Both waveforms are then further modified by selecting the frequency, absolute phase, absolute amplitude and chip clock timing so as to minimise the error vector. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. The measurement interval is one timeslot.
6.8.2.1
Minimum requirement

The Error Vector Magnitude shall not exceed 17.5 % for the parameters specified in Table 6.15.

Table 6.15: Parameters for Error Vector Magnitude/Peak Code Domain Error

Parameter
Unit
Level

UE Output Power
dBm
( –20

Operating conditions

Normal conditions

Power control step size
dB
1

6.8.3
Peak code domain error

The Peak Code Domain Error is computed by projecting power of the error vector (as defined in 6.8.2) onto the code domain at a specific spreading factor. The Code Domain Error for every code in the domain is defined as the ratio of the mean power of the projection onto that code, to the mean power of the composite reference waveform. This ratio is expressed in dB. The Peak Code Domain Error is defined as the maximum value for the Code Domain Error for all codes. The measurement interval is one timeslot.
The requirement for peak code domain error is only applicable for multi-code transmission. 

3.1
Minimum requirement

6.8.3.1 The peak code domain error shall not exceed -15 dB at spreading factor 4 for the parameters specified in Table 6.15 . The requirements are defined using the UL reference measurement channel specified in subclause A.2.5.
6.8.4
Phase discontinuity
Phase discontinuity is the change in phase between any two adjacent timeslots or between the timeslots either side of a compressed mode gap. The EVM for each timeslot (excluding the transient periods of 25 us 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 first timeslot, and the absolute phase used to calculate EVM for the second timeslot.
6.8.3.1
Minimum requirement

For the conditions give in table 6.15a, the rate of occurrence of any phase discontinuity shall be no greater than that specified in table 6.15b. 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 6.15a: Parameters for Phase discontinuity

Parameter
Unit
Level

UE Output Power
dBm
( –20

Propagation conditions
-
Any

Power control step size
dB
Any

TFC step size
dB
Any

Compressed mode step size
dB
Any

Table 6.15b: Phase discontinuity minimum requirement

Information data rate
Phase discontinuity in degrees
Maximum allowed rate of occurrence in Hz

12.2 kbps
[<= 30]
[1500]

12.2 kbps
[> 30 to <=60]
[100]

12.2 kbps
[> 60]
[0]

64 kbps
[TBD]
[TBD]

144 kbps
[TBD]
[TBD]

384 kbps
[TBD]
[TBD]
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