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Introduction
There has been considerable discussion recently on how to handle transmitter measurements including the HS-DPCCH. This paper discusses some of the issues. It is mixture of issues of concern to RAN WG4 in the core requirements and issues for RAN WG5 who is developing the test cases.

Limitations with the current HS-DPCCH power vs. time figure in 25.101
The latest version of 25.101 includes the new figure below showing the power vs. time profile for DPCCH + DPDCH + HS-DPCCH. This is an improvement on the previous figure but is still short of being a complete representation of how the power varies with time.
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Figure 6.6: Transmit power template during HS-DPCCH transmission
The main shortcoming with the current figure is in the representation of inner loop power control. The DPCCH and DPDCH are shown to change power at the DPCCH slot boundaries but these power changes - which were copied from previous figures in the subclause - are confusing since the DPCCH and DPDCH should change power in the same direction and by the same amount unless beta factors are being modified. In this case there is no change of TFC so the beta factors should be constant. The current figure 6.6 continued this casual representation of inner loop power control a stage further by not representing the inner loop power step in the HS-DPCCH.
A more accurate figure is presented below which shows DPCCH and DPDCH under typical inner loop power control with the HS-DPCCH changing in the same sense as the DPCCH/DPDCH at the DPCCH slot boundaries. In the typical case where the DPCCH and HS-DPCCH timeslots are not aligned, this results in a change in HS-DPCCH code power during the HS-DPCCH slot.
(Apologies for the ugly line thicknesses below. Cutting from Office 2000 into Office 2003 has made the boxes thinner and the arrows permanently thick regardless of point size. Life is too precious to figure out why.) 
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Figure 6.6: Transmit power template during HS-DPCCH transmission
This new figure clearly shows the three places where the HS-DPCCH causes a change in the composite power. The other three places where the composite power changes are due to inner loop power control. It remains an open question as to whether or not these power steps are covered by the requirements. There are three possibilities:

1. Subclause 6.4.2 “Inner loop power control in the uplink” applies even though this subclause makes no mention of the presence of the HS-DPCCH.

2. The requirements of the current subclause 6.5.5 also cover the inner loop power control steps. Numerically this is acceptable since the tolerances in tables 6.4 and 6.9A are the same, but it is generally problematic to specify requirements in two places since it would be unclear which subclause took precedence if one set of requirements were to change.
3. There are no requirements for power steps due to inner loop power control when the HS-DPCCH is present.
It would be beneficial to address this lack of clarity. One approach would be to formally extend subclause 6.4.2 to apply to transmissions that include the HS-DPCCH. Alternatively, subclause 6.5.5 could be made explicitly to apply to all changes in composite power rather than it being left to assume that it only applies to the changes due to HS-DPCCH.
Proposal 1 – HS-DPCCH in the presence of inner loop power control
Modify subclause 6.5.5. so that the power step tolerances explicitly apply to all power steps whether caused by changes to the HS-DPCCH or due to inner loop power.

Overlapping requirements

It may also be pertinent to consider how other subclauses such as 6.5.2 “PRACH”, 6.5.3 “Change of TFC” and 6.5.4 “Compressed Mode” should apply in the presence of HS-DPCCH. It would appear from reviewing the tolerances for step sizes that there is a great deal of repetition in the tolerances figures suggesting that the main issue being specified is the power step tolerance of any change in composite power regardless of the cause. If the requirements are not reviewed in this regard we end up with complications caused by combinations of requirements such as compressed mode or change of DPCH TFC during HS-DPCCH transmission. Another example of overlap is the case where the HS-DPCCH is time aligned to the DPCCH. In this case how are the overlapping requirements for inner loop power control in 6.4.2 and the power step due to HS-DPCCH in 6.5.5 to be interpreted? The tolerances are the same but it could be argued that if both requirements apply this means allowing twice the tolerance. If this is the intention then it needs to be stated clearly. If not then the overlap should be addressed.
Proposal 2 – HS-DPCCH in the presence of PRACH, compressed mode and change of TFC
Consider in general how the requirements in sections 6.5.2, 6.5.3 and 6.5.4 should be handled with regard to subclause 6.5.5 in the case where HS-DPCCH is transmitted in conjunction with the PRACH, change of TFC and compressed mode.
Proposal 3 – Providing an example of max power scaling with HS-DPCCH
In addition to the above, more representative, figure 6.6 it may also useful to graph the required behaviour in the case where the transmission of the HS-DPCCH would otherwise take the composite power above the maximum for the power class of the UE. The requirements in 25.214 5.1.2.6 define rules for equally scaling (constant beta factors) the power of all channels at the DPCCH slot boundaries, such that the composite transmitted power remains within the limits for the UE’s power class. Tests in this configuration could also be considered.
Mid-slot power changes and the impact on modulation quality
It can be clearly seen from the new figure 6.6 above that there exists the potential for changes in UE power during the slot of a particular code channel. The two examples are:

1. The HS-DPCCH has to respond to inner loop power control commands, but unlike the DPCCH/DPDCH these can occur during the code channel’s slot period in those cases when the HS-DPCCH and DPCCH timing are not aligned.

2. The DPCCH and DPDCH may be interrupted during their slot period by either the start of an HS-DPCCH transmission, a change in HS-DPCCH power (due to ΔCQI) or the ending of an HS-DPCCH transmission. These events could have a large effect on the composite power that the UE has to transmit during the DPCCH slot period.

Both of these are new scenarios for the transmission of the uplink signal and subsequent demodulation of it by the Node B. The question then arises as to how to interpret the existing requirements for modulation accuracy in the presence of expected mid-slot power variations. This is important to get right since it will have implications on both the allowed UE behaviour and on the limits of the signal the Node B has to demodulate.
Currently, the only requirement relating to EVM in the presence of power transients is the allowance of a 25μS transition period either side of an expected power change at the DPCCH slot boundaries. The reason for this is practical since it is impossible to fairly measure EVM across a change in power unless the trajectory of the power change is precisely defined. Since the requirements put no such limit on the power trajectory it is not reasonable to measure EVM across the transition either. The result is that when inner loop power control is active, EVM is specified for the slot duration excluding 25μS at each end.
The EVM situation for HSDPA however is much more complex than for a DPCH with inner loop power control. Here are five questions that should be considered:

1. EVM is currently defined over a period of one slot, but it should this be aligned to the DPCCH slot timing or the HS-DPCCH slot timing?
2. How should EVM handle changes during the HS-DPCCH slot in the HS-DPCCH code power due to inner loop power control?

3. How should EVM handle potentially large changes in the composite power during the DPCCH slot due to the start, change or end of an HS-DPCCH transmission?

4. Given items two and three above, does the EVM evaluation period of one slot need to be redefined in order to handle periods during which the composite or code power is expected to change? Periods from 0.1 to 0.9 slots are possible depending on the DPCCH to HS-DPCH timing offset.
5. Is composite EVM still the best way to evaluate a multi-code uplink signal or should code-based EVM (symbol EVM) be considered? This measure more directly indicates the ease with which any individual code channel can be demodulated by the Node B?
Given the above questions It can be seen that the current requirements are at best incomplete, and until the issues have been properly considered, any attempt to define modulation accuracy measurements on signals including the HS-DPCCH are likely to either put constraints on the UE that do not currently exist, or result in a measurement definition that may be unable to detect impairments in the UE. This could compromise the ability of the Node B to demodulate one or more of the uplink codes.
For example in the case of an inter-TTI of 2, then one out of every three DPCCH/DPDCH slots could be affected by the mid-slot addition or removal of the HS-DPCCH from the composite signal. Such a change of power has the potential to disrupt the transmission of the DPCCH/DPDCH. If EVM were to be evaluated across the DPCCH/DPDCH slot then even if the transient period at each end of the HS-DPCCH slot boundary were excluded, it is still possible that undesirable mid-slot changes in DPCCH/DPDCH code power, chip phase, chip timing or frequency could affect the result. Such impairments would have a direct impact on the ability of the Node B to demodulate the DPCCH and DPDCH codes.
It would be possible to split the EVM requirement into two parts either side of the HS-DPCCH slot boundary but this would also require a clear definition of which parameters either side of the HS-DPCCH slot boundary were to be kept constant and which would be allowed to vary. Cleary the presence or absence of the HS-DPCCH itself would have to be considered in the code power definition of the EVM reference signal, but how to handle the other parameters mentioned above is not so obvious.

For instance, it is quite reasonable to expect that a phase discontinuity might exist on the DPCCH/DPDCH at the HS-DPCCH slot boundary due to an increase or decrease in HS-DPCCH power. To help avoid a discontinuity it would be necessary for the UE to ensure that changes in output topology to handle the mid-slot composite power change occurred only at the DPCCH slot boundaries where an allowance for phase discontinuity already exists. Assuming this step were taken it may still be felt that it is unreasonable for the phase or any other parameter of the DPCCH/DPDCH to remain constant across the HS-DPCCH slot boundary. If so, any allowance would have to be explicitly defined so that they could be optimized out of the measurement or allowed for. The answers to how to proceed are likely to be tied up with assumptions made in the node B regarding demodulation of the DPCCH/DPDCH in the presence of the HS-DPCCH.

Simple solutions such as splitting the EVM requirement into two independent parts may have unintended consequences on the system. Take for example the situation where at an HS-DPCCH slot boundary the DPCCH and or DPDCH chip phase were to shift or even reverse due to a jump in the composite output power (a phenomenon that has been observed in UE) then if EVM were evaluated independently either side of the transition we would have a situation where the UE chip phase were tightly controlled at the DPCCH slot boundaries for 1 dB changes in power but where no spec would exist in the middle of the slot where the phase might completely invert.
Similar arguments exist for the HS-DPCCH itself which will include small power transients at the DPCCH slot boundaries due to inner loop power control and a potentially larger step at the ACK/NACK to CQI boundary due to ΔCQI. Either one of these can be handled using the pre-existing allowance for transient periods at the slot ends, but with the current measurement definition being one slot long and there being two power changes per slot period, there will always be a situation where a transient will occur in the middle of the measurement period. Consequently, the same arguments regarding which parameters to lock down either side a transient in the middle of the measurement period as discussed for the DPCCH/DPDCH will have to be addressed for the HS-DPCCH as well.

Proposal 4 – Defining modulation quality in the presence of HS-DPCCH
The above issues concerning the definition of modulation quality across an expected power step in the middle of a code channel’s timeslot period need to be considered. Decisions need to e made on the period over which the modulation quality should be assessed and decisions made regarding acceptable parameter variations either side of any transient period which need to be held constant or allowed to vary. These decisions need to be consistent with the expectations of the Node B demodulation capability.

Proposal 5 – Defining code power stability for multi-code uplink signals
Finally it is noted that the current requirements for power vs. time all apply to the composite power. This means that a UE could pass a multi-code test based on composite power measurements that took no account of the beta factors remaining constant. For instance, in the power scaling case at the UE’s maximum power, there are only nominal requirements that cover the scaling of the code powers. So an implementation that reversed the DPCCH/DPDCH and HS-DPCCH code powers during scaling would pass any test on composite power causing considerable difficulty for the Node B.






_1175616519.doc
 

DPCCH 2560 chip�Slot boundaries







Mean�power























HS-DPCCH 2560 chip�Slot boundaries







Up-Link�HS-DPCCH











Up-Link�DPDCH















Up-Link�DPCCH







Mean�power







Mean�power







HS-DPCCH 



timing offset







Power�step







The mean power is evaluated excluding a 25µs transient period either side of any DPCCH or HS-DPCCH slot boundary







Mean�power












_1175617143.doc
 

DPCCH 2560 chip�Slot boundaries







Mean�power







* =	step due to inner loop �	power control�** =	step due to ∆CQI











*







**







*







HS-DPCCH 2560 chip�Slot boundaries







Up-Link�HS-DPCCH







*







Up-Link�DPDCH







*







*







Up-Link�DPCCH







Mean�power







Mean�power







DPCCH to 



HS-DPCCH offset







HS-DPCCH power step







The HS-DPCCH power step is the difference between the mean power measured either side of the indicated HS-DPCCH slot boundaries. The mean power is evaluated excluding a 25μs period either side of any expected power step.







Mean�power







*







*







*







*







*







*







*







*







HS-DPCCH power step







Mean�power







HS-DPCCH power step







Mean�power












