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Power Control of HS-SCCH for TDD Release 5

Introduction

HS-SCCH power control for TDD release 5 has not been addressed in detail to date.  It is felt that progress on this issue is required in order that proper and complete physical layer procedure specifications may be drafted [1].

This document discusses the issues surrounding power control of HS-SCCH and proposes a way forward that is believed represents a promising approach.
Background

Power control loops are generally split into constituent so-called inner and outer loop components.  This approach is used extensively within release 99/4.  The inner loop is generally a fast loop, compensating for all changes in pathloss and interference as seen at the receiver, whilst the outer loop is usually a quality-driven loop operating at a slower rate, and is responsible for compensating for varying channel statistics and geometry (UE speed, degree of multipath, envelope statistics over time).

For purposes of clarity this document shall consider inner and outer loops separately.

Inner loop control of HS-SCCH

Direct closed-loop control (such as employed on DL-DPCH) using binary TPC feedback on uplink is inhibited for two reasons:

Firstly, the UE does not have complete knowledge of whether a particular HS-SCCH was scheduled for itself.  The UE is therefore only able to make an SIR measurement after successfully detecting an HS-SCCH with the appropriate UE ID.  This carries the following penalties:

1. SIR measurements can only be made on “good” HS-SCCH thereby introducing a bias into the TPC reports generated.  However, this can be compensated for by the node-B by looking for missing HS-SICH.
2. SIR measurements and corresponding TPC feedback updates can only be made during scheduling of HS-SCCH to that UE.  Other arrangements must then be adopted for transmission pauses, thereby complicating the overall scheme.

3. Due to the potential transmission pauses, the binary feedback (TPC) may be inadequate and unable to track all but the slowest SIR changes in the channel.  This requires that other mechanisms must be in place at the node-B to compensate for this.
Secondly, closed-loop TPC schemes require that an appropriate SIR target value producing the desired quality is used to generate the TPC commands.  The problem here is that the UE is not able to distinguish between an erroneous HS-SCCH that was transmitted, and a lack of HS-SCCH transmission to that UE.  As such the UE is unable to measure HS-SCCH error statistics.  As such it can be concluded that the outer-loop power control entity for HS-SCCH cannot be located within the UE.
In light of the above problems it would seem that the following conclusions can be drawn;

1. A direct closed-loop TPC scheme is not applicable for HS-SCCH.

2. A direct closed-loop TPC scheme in any case has to rely on other methods of power control during transmission pauses.  Mechanisms must be put in place within the specifications that enable accurate power control of HS-SCCH during transmission pauses in the case that a direct closed-loop TPC scheme is adopted.

3. The UE is not capable of correctly autonomously adjusting its SIR target for HS-SCCH.  Other methods of providing outer-loop control must therefore be considered (see later outer-loop section).

4. Multi-level feedback should be considered as a means to better adjust to quickly-changing channel SIR conditions on the HS-SCCH timeslot, as opposed to binary (TPC) feedback.  Binary feedback is only appropriate when the feedback rate is sufficiently faster than the profile it is attempting to track.

Proposal – Alternative Inner Loop Power Control of HS-SCCH
It is proposed that mechanisms be put in place that allow inner-loop power control for HS-SCCH to be driven off the following parameters:-

· PCCPCH RSCP (from which a pathloss estimate may be derived)

· Possibly both long-term mean, and most-recently-measured P–CCPCH RSCP should be included here and this is FFS.
· ISCP as measured by the UE on HS-SCCH timeslots

Note, this does not specify a node-B procedure for HS-SCCH power control, it merely enables one that circumvents the problems associated with the TPC scheme.  Inclusion of TPC bits on HS-SICH may be used to provide further information, although noting the issues raised above with the TPC scheme, the methods of generating TPC commands in the UE must be carefully considered, and the inclusion of TPC bits on HS-SICH should be made optional.

Using these measurement parameters, the node-B is able to calculate an appropriate transmission power for the HS-SCCH, in order to achieve a desired received SIR for the HS-SCCH.  The SIR that it is attempted to achieve is may be set by means of the outer-loop power control operation for HS-SCCH as proposed in the outer-loop power control section.

It is further proposed to use the HS-SICH itself to feedback P-CCPCH RSCP and HS-SCCH timeslot ISCP values, or other values derived thereof.  Although this increases the data rate of HS-SICH, at least for HCR TDD, the HS-SICH is currently greatly under-utilised in terms of the amount of information one HS-SICH carries.  Normally this is advantageous in terms of being able to reduce the power of HS-SICH, but for very low information rates further power reduction gains may not be had due to the fact that the received SIR must be at least sufficient to enable extraction of a usable channel estimate (hence the current working assumption is to use burst type 1 for HCR TDD HS-SICH).  It is believed that for the current amount of data carried on HS-SICH, performance is midamble- as opposed to data-redundancy- limited, (certainly when Rx diversity is employed at the node-B), with the result that the data is over-protected and hence there is spare capacity on HS-SICH.  It is believed that using HS-SICH to carry additional measurement report information for the purposes of HS-SCCH power control does not therefore carry any penalties in terms of system interference on UL for HCR TDD.

Summary of proposal enabling alternative HS-SCCH power control
· The UE is able to (optionally) convey P-CCPCH RSCP and HS-SCCH timeslot ISCP, or other parameters derived thereof, in HS-SICH.  It is for further study whether both long-term mean, and the latest unfiltered values of both P-CCPCH RSCP and HS-SCCH timeslot ISCP values should be used.  It is likely that inclusion of this data on HS-SICH carries little or no penalty in terms of increased uplink interference due the fact that HS-SICH is currently under-utilised given the processing gain available from the burst-type 1 512-chip midamble.  A detailed analysis of this remains FFS.
· The node-B may use this information to calculate HS-SCCH transmit power based upon the known P-CCPCH reference transmit power (PP-CCPCH), the reported measurements, and the SIR target level (SIRT_HS-SCCH)  set by the outer-loop control entity.  An example of this is given below, although this procedure need not be standardised:-
· PHS-SCCH = ISCPHS-SCCH + (PP-CCPCH – RSCPP-CCPCH) + SIRT_HS-SCCH {1}

· TPC bits on HS-SICH should not be mandatory.
· The method of generating TPC bits in the UE requires a degree of standardisation and this is FFS.
Outer-Loop Power Control
Location of outer-loop power control for DL-DPCH is located in the UE for release 99/4.  This is advantageous since the UE has explicit knowledge of the transport block failures on DCH.  The action of the loop is effected implicitly via the binary TPC feedback on uplink.

However, the same cannot be said of HS-SCCH.  The problem as stated previously is that the UE is not able to distinguish between an erroneous HS-SCCH that was transmitted, and a lack of HS-SCCH transmission to that UE.  As such the UE is unable to measure HS-SCCH error statistics and it can be concluded that the outer-loop power control entity for HS-SCCH cannot be located within the UE.
In contrast, it is noted that the node-B is able to infer the HS-SCCH error rate.  This is achievable due to the one-to-one association between a transmitted HS-SCCH and the corresponding HS-SICH.  A lack of reception of an HS-SICH is therefore a good indicator of an HS-SCCH detection failure at the UE.  It is noted however, that consideration must also be given to the probability that HS-SICH was transmitted but not detected by the node-B.
As such the conclusion here is that the best location for the outer-loop power control entity for HS-SICH is in the node-B.  If the measurement-report method of inner-loop power control of HS-SCCH is used (residing in node-B) there is no need for additional signalling of SIR target values to the UE.  However, if closed-loop TPC schemes are employed, the SIR target value for HS-SCCH must be transferred in some way to the UE.
Summary of Issues on HS-SCCH Outer Loop Power Control

· HS-SCCH error statistics cannot be accurately determined by the UE.  This precludes allowing the UE to autonomously change the SIR target values for purposes of setting TPC bits on HS-SICH.

· HS-SCCH errors may be detected by node-B via inference.  The absence of the associated HS-SICH is a good indicator of HS-SCCH error.
· An SIR target appropriate for HS-SCCH (SIRT_HS-SCCH) may be derived by the node-B based on the estimated HS-SCCH error statistics and the target error rate for HS-SCCH.  If a measurement-report-based power control scheme is used for HS-SCCH, these adjustments can be made locally within the node-B and may be used by the node-B to directly adjust the HS-SCCH power via the inner-loop (equation {1}).  If TPC-based power control of HS-SCCH is in operation, the SIR target value would need to be signalled in some way to the UE.
Conclusion
Firstly it has been determined via inspection that TPC-based closed-loop power control of HS-SCCH, similar in nature to that used in release 99/4 for DL-DPCH cannot be applied directly to HS-SCCH.
Secondly, it has been determined that the UE is not capable of directly measuring HS-SCCH error statistics, thereby precluding the positioning of the HS-SCCH outer-loop control entity in the UE.
Thirdly, it has been noted that other means of performing HS-SCCH power control are required in the case of initial HS-SCCH transmissions and following transmission pauses.

In response to these issues, a node-B-centric method of performing HS-SCCH inner-loop power control based on measurement feedback from the UE has been identified as having potential value.  Furthermore, a method of performing outer-loop power control for HS-SCCH in the node-B has been identified thereby facilitating a complete HS-SCCH power control scheme without the need for TPC bits on HS-SICH.
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