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Introduction
This paper summarizes a number of issues in the area of uplink in-channel signal quality from R99 through to Rel-6 and suggests a new way forwards for future requirements based on code power accuracy and code EVM.
1. R99

In release 99 there were several issues relating to in-channel signal quality that have been discussed and variously resolved in recent times:

· Applicability of requirements beyond the 12.2k RMC

In R99 an interpretation of the transmitter requirements (clause 6.1) was that they only applied to the 12.k RMC configuration. This meant it was not possible to develop tests for PRACH in R99. This ambiguity was removed in Rel-5.

· Code power accuracy

For most R99 signals there are only two codes and so although this is a gap in the requirements, it is less significant than for later releases where the number of codes and rules for setting relative levels become much more complex. The simple requirements and diagrams for the various power on/off requirements were adequate although the change of TFC requirements could still have been passed with significant errors in beta factors. For Rel-6 and beyond this issue is being addressed by Agilent at this meeting in R4-060201/2.

· EVM range

The power range over which EVM is specified does not go below -20 dBm even though the system is expected to operate down to -50 dBm. This issue also becomes more significant with multiple codes and larger differences between code powers. There are currently no initiatives to address this however it is noted that the requirements and test for phase discontinuity do extend down to -50 dBm and are based on the phase difference between two EVM measurements.

· Relevance of Peak Code Domain Error

This requirement has received very little attention and its value seems questionable. It only applies in the multi-code DPDCH case, and given that in the uplink each UE has its own scrambling code, the orthogonality provided by the system would mitigate against code spurs being a problem for other users. This is quite different from the downlink where the code domain is shared amongst all users in the cell. Despite the uplink becoming more complex with HSDPA and HSUPA, the use of PCDE has not been extended so that it would not even apply in an eight code HSUPA uplink.

· Phase discontinuity

The problems caused to the network of discrete phase changes in the uplink due primarily to output topology circuit changes were not covered in R99. This issue was spotted in the early IS-95 specification and was later covered in Rel-5.

· PRACH measurements

In R99 there were no test covering the PRACH, partly due to the interpretation of clause 6.1. This was fixed in Rel-5 with the introduction of PRACH EVM in Rel-5 and most recently, PRACH burst timing in Rel-6.

2. Rel-5
With the introduction of HSDPA in Rel-5 a third code was added to the uplink, which has the potential to be discontinuous and offset from the DPCCH timeslot structure. This puts further stress on the UE design and highlighted new areas for requirements in order to ensure reliable system performance.
.

· HSDPA EVM

The existing EVM definition did not automatically cover the introduction of the HS-PDCCH although it might have been applied in the case where all three codes were time aligned and the power constant. However the more interesting scenario was in the offset timing case with a discontinuous HS-DPCCH which has implications for AM/PM distortion. Investigation of this has held up making progress on the simpler case. At this meeting in order to make progress on EVM a separation of this issue from phase discontinuity has been proposed in R4-060194/5.

· HSDPA phase discontinuity

It has been known for some time that typical uplink HSDPA signals will contain significant power transients during the DPCCH slot due to the turning on and off of the HS-DPCCH. It has also been shown that this type of signal is a much more difficult one to transmit linearly due to the consequences of AM/PM conversion in the UE output amplifier. The HSDPA signal also provides more complication to the original reason for adding phase discontinuity to cover behaviour around circuit topology changes in the UE’s ~70dB transmitter operating range. Progress in this area has been harder to achieve. The issue is discussed at this meeting by Ericsson in R4-060075 and Agilent in R4-060194 but further work appears to be needed before a requirement can be agreed. The extent to which this new stress on the UE caused by HSDPA will actually impact Node B demodulation performance is unclear, but to leave the issue unresolved seems unwise.
· Code power accuracy

The introduction of the discontinuous and time-offset HS-DPCCH made the specification of requirements for power on/off much more difficult as can be seen from 25.101 figure 6.6. The potential for passing such a composite power requirement with errors in beta factors increased from the much simpler R99 case.

· Susceptibility to IQ code leakage

The definition of HSDPA where the HS-DPCCH in the Q domain must occupy the same spreading code as the start of the DPDCH in the I domain means that any modulator quadrature distortion or signal noise will result in leakage of one signal to the other. There is no opportunity for the orthogonality of the code domain to help and when the difference in power between the HS-DPCCH and DPDCH increases so does the impact of the leakage on the quality of the weaker signal. This tyupe of distortion will not show up in the average code power but will result in noise on the symbol position. This issue is discussed further by Agilent in this meeting in R4-060198.

3. Rel-6
Release 6 brought with it HSUPA and the E-DCH which was a significant increase in complexity with between two and five more codes being added to the uplink.

· HSUPA EVM

Much the same issues that exist today for HSDPA EVM exist for HSUPA which also has the potential for higher power steps at slot boundaries. One new factor however is the consequence of the big increase in the number of uplink codes. This is offset by the allowance for maximum power reduction but even then it is now very probable that Node B techniques of baseband clipping will now be applied to the UE in an attempt to trade off in-channel and out of channel performance against battery life. This likelihood means that care needs to be taken to ensure that the conditions under which EVM are specified and measured are sufficient to ensure no overall impact on system performance. The first contributions on HSUPA EVM are presented by NEC to this meeting in R4-060050/1. These cover the essential need to include the new E-DCH beta factors but otherwise do not address the ongoing issues with HSDPA and the increased complexity of HSUPA.


· HSUPA phase discontinuity

The issues here are similar to HSDPA phase discontinuity except that the power steps at slot boundaries are likely to be higher which puts more stress on the UE amplifier’s linearity. Once this issue has been resolved for HSDPA it should be possible to look at what makes sense for HSUPA
· Code power stability

The first contributions on HSUPA power on/off requirements are presented by NEC to this meeting in R4-060052/3/4. The approach taken is to treat HSUPA independently from HSDPA and replace the HS-DPCCH in the existing requirements with the E-DPCCH and E-DPDCH. This is certainly valid although does not represent the more likely scenario where the HS-DPCCH is active also. In more general terms, the usefulness of defining the accuracy of composite code power steps should be questioned when it is only the accuracy of the individual code powers themselves that are related to system performance.
4. A new approach to in-channel signal quality

To ensure adequate system performance it is necessary to put limits on the extent to which the actual uplink signal can deviate from the ideal signal. The only purpose in determining in-channel limits is so that the Node B is able to demodulate the code channels within the uplink. In R99, the uplink signal was typically very simple comprising just two time-aligned codes, whose amplitudes were primarily stable. By the time we get to HSDPA + HSUPA the complexity of the uplink has changed beyond all recognition and it is time to consider simpler more effective ways of specifying in-channel signal quality.
In the uplink the UEs are separated by differ scrambling codes and in the first instance for the AWGN case, there are only two in-channel uplink parameters that define system performance, these being code power and code EVM. However, our specifications are defined in terms of composite EVM and composite power. In a simple system with two codes, the difference is certainly less important, but for HSDPA+HSUPA, trying to define what matters to the system using composite measures results in complicated requirements that are difficult to test and do not provide sufficient insight into system performance than might be obtained by much simpler requirements.
If we were to specify uplink in-channel signal quality in terms of code power and code EVM, all of our current composite “requirements” would look after themselves and not need to be tested (apart from max power of course). Using this approach means that regardless of the signal composition in terms of numbers of codes, relative power levels, time offsets etc. each and every code would have a defined code power accuracy and code EVM. Such a signal after having been descrambled and despread by the Node B would have a defined probability (ignoring the channel for now) of being demodulated successfully, which is what all these specifications are intended to deliver. Using this approach we would not need to continually revise our composite requirements as the uplink becomes more complex.
A Node B can make nothing of a composite power profile or composite EVM requirement since neither measure gives any indication of code power accuracy or code symbol quality. In either or both cases, there could be codes within the signal that are severely distorted which would have little or no degradation on the composite measures.

The effort to rethink our in-channel requirements may not be that significant and will likely lead to simpler requirements, simpler and more meaningful tests and much less uncertainty of the type we are dealing with just now related to the increasingly complex power on/off requirements and the complications over EVM and phase discontinuity.

5. Proposal
The aspect of this new approach relating to code power accuracy is already being progressed at this meeting and so it remains to be proposed that RAN WG4 should not elaborate existing requirements for composite EVM and composite power on/off and instead define signal quality at the code level.

As a first suggestion, the existing 17.5% composite requirement could simply be applied per code. Whether allowances need to be made for different relative code power levels is unclear since if a code is set to be low this does not make its demodulation any easier in the node B hence relaxations on EVM for lower signals would degrade demod performance.
RAN WG4 are asked to continue supporting the efforts for code power accuracy and support new investigations into specifying code EVM for HSUPA and beyond.






































































































