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1. Introduction

In Tdoc R4-050478 various options were put forward for how to specify modulation accuracy in the presence of HS-DPCCH. However it is reasonable to ask why it is necessary to specify EVM with HS-DPCCH and to consider the impact of in-channel signal distortion on system performance.
In-channel signal quality for DPCH aligned to HS-DPCCH

In the case where the DPCH and HS-DPCCH are time aligned it would seem reasonable to measure the in-channel signal quality, primarily because the addition of the HS-DPCCH will increase the PAR of the signal and a trade-off has to be made between maximum power, ACLR and in-channel quality. We already have requirements for the new reduced maximum power and also for ACLR and so it is natural to want to check in-channel performance under the same conditions. However, with the reduction in the maximum power, it would be expected that an R99 PA should have no difficulty with the higher PAR signal. So in principle, measuring EVM with the HS-DPCCH present at the new reduced maximum power will be no more stressful than measuring EVM on a DPCH at the original maximum power.

2. In-channel signal quality for DPCH not aligned to HS-DPCCH

One of the challenges of HSDPA for the UE is the fact that the HS-DPCCH is bursty in nature and it can be offset in time from the DPCH. This creates the situation where during a DPCH timeslot there may be large changes in the code power of the HS-DPCCH. The corner case is when the HS-DPCCH changes from being off to fully on resulting in a 7 dB change in the composite power of the uplink signal.
The HSDPA requirements were specified in 25.101 with the inclusion of a 12.2 RMC. The purpose of this was to ensure that the introduction of the HS-DPCCH did not otherwise upset the existing operation of the system. It is therefore relevant to model the worst case uplink scenario and try to predict ways in which the signal may be affected.
Consider an uplink signal consisting of a DPCH plus HS-DPCCH. The worst case power steps occur when the DPDCH is off and the HS-DPCCH is four times the power (+6.02 dB) of the DPCCH. This creates a rounded up power step of 7 dB. For the CQI the HS-DPCCH power could reduce to one third that of the DPCCH (-9.54 dB) which creates a step of 0.45 dB rounded down to 0 dB. With an inter-TTI of 1 and the CQI repetition factor set to one subframe this creates a power profile (in the non-limited case) where two out of every three DPCH slots have a composite power step of 7 dB up or down. Such a profile is shown below in figure 1.
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The most likely mechanism in the UE that would be affected by such a power profile would be AM to PM distortion or a discrete phase discontinuity caused by a change in output topology. The consequence of such a repetitive power needs to be considered and the existing phase discontinuity measurement is ideally suited.

Figure 2 below shows the phase discontinuity performance of a UE transmitting a DPCH for a 5 up four down sequence of 1 dB power steps per slot. The green trace shows the variation in power and the blue trace shows the phase discontinuity between each slot. It can be seen from this example that this UE displays almost no variation in output phase as a result of the composite power changes.
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Figure 2: Mobile #1 Phase discontinuity of from 7 dBm to 20 dBm

It can reasonably be concluded that a mobile such as #1 above would have no difficulty handling a 7 dB power step either at the DPCCH slot boundary or during the DPCCH slot boundary and thus the in-channel modulation quality of the DPCH would not be affected by the presence of the HS-DPCCH. Such a signal would present no additional difficulty to the Node B to demodulate.

Figure 3 below shows an example of a UE which has some gain switching (without hysteresis) around 10.5 dBm. The figures are well inside the 30 degree limits. This is the kind of effect that the phase discontinuity measurement was originally intended to check for. The lack of hysteresis would be a problem if the discrete step exceeded 30 degrees.
[image: image3.png]Measurement /Instrument Screen

axis
control

arker

12

Tndex|

Table

0

Column

Trace
show/hide |

(Cell Pover
~75.00
dBn/3.84 Tihz|

(Channel Tupe
12.2¢ AIC

[Paging Service
AR Uoice

DL Channel
10700

[Uplink Channel
futo

[Uptink Separation

Return Ol
[Active Cell [5us Tupe: UTRA FOD
Connected [Loagino: Ho Conn.
[Inthef|0ffse] 1of3





Figure 3: Mobile #2 Small phase discontinuity around 10 dBm without hysteresis
In figure 4 below is an example of a UE which displays considerable AM to PM effects. The clear relationship between the phase discontinuity and output power suggest some kind of analogue effect on the output amplifier. It was not the original intention to detect this type of signal degradation using the phase discontinuity measurement but it does show that this technique is useful in detecting distortions that would cause problems for the Node B in the phase continuous W-CDMA system.  In this example, when the output power approaches the maximum the UE is outside the single slot 30 degree phase discontinuity spec. as seen by the >45 degree phase change just after the power drops from 20 dBm for the first time in response to a -1 dB power step. But since the discontinuity is <60 degrees and the surrounding discontinuities are <30 degrees, this UE is compliant.
 
Figure 4: Mobile #3 Phase discontinuity of from 11 dBm to 20 dBm

Figure 5 shows the Mobile #3 when it has reached maximum power.
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Figure 5: Mobile #3 Phase discontinuity oscillating around maximum power
At maximum power Mobile #3 will sometimes exceed the 30 degree per slot phase discontinuity spec but these occur less often than once per 5 slots so the UE is still compliant.
The above measurements cover power variations of 5 dB over 5 slots. It can be seen that the phase is changing roughly 60 degrees over a 5 dB power variation or roughly 12 degrees per dB albeit with a large variance. If we extrapolate this to the case where an HS-DPCCH is transmitted and the power could change by 7 dB per slot as in figure 1, it is not unreasonable to expect a phase discontinuity of around 85 degrees in the middle of a DPCCH timeslot at the HS-DPCCH timeslot boundary. This is in addition to the phase discontinuities already measured at the DPCCH slot boundaries due to inner loop power control. A projected phase vs. time might look something like figure 6.
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Figure 6: Example of possible phase discontinuity with offset HS-DPCCH
Given that there already exists a requirement for DPCH phase discontinuity at the DPCCH slot boundaries of 30 degrees per slot or 60 degrees per 5th slot, the above projection of possible UE behaviour when adding the HS-DPCCH to a UE that was on the edge of the non-HSDPA requirement should be considered as justification for wanting to control the uplink signal quality. Otherwise the Node B may be disadvantaged by potential large mid-slot phase changes in the DPCH that exceed those currently allowed for at the DPCCH slot boundaries. In the case where the DPCCH and HS-DPCCH are aligned, it would seem likely that a UE similar to Mobile #3 above would easily fail the existing 30 degree requirement were this assumed to apply to the case where the HS-DPCCH is also present.
3. Conclusion

In order to ensure reliable system performance it is proposed that EVM is specified for DPCCH+DPDCH+HS-DPCCH across the DPCCH timeslot.  The expected change in HS-DPCCH code power would be modelled and an allowance is proposed for an additional phase discontinuity at the HS-DPCCH slot boundaries. Any phase allowance represents a reduction in signal quality however it is felt that having no allowance would be unreasonable for some UE. It is proposed to set an interim allowance for phase discontinuity at the HS-DPCCH slot boundary of the same value as that currently allowed at the DPCCH slot boundary i.e. 30 degrees. It would however be pertinent to simulate the impact of such a signal on typical Node B demodulation performance and verify this conclusion.
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Figure 1: Worst case power time profile for DPCH + HS-DPCCH








