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1. Introduction

This paper proposes the use of CPICH Ec/No measurement for uplink channel quality indication (CQI) in conjunction with an “Outer Loop TFRC Control” (OL-TC) technique. The main benefits of this approach are:

1. It reduces the UE complexity by “re-using” the R99 CPICH Ec/No measurement. 

2. It imposes no restrictions on the Node B packet scheduler in terms of transmission power and number of multi-codes. 

3. It imposes no restrictions on the use of advanced UE receiver techniques. 

4. It simplifies UE type approval testing.

The method is summarized in the following sections.

2. Inner Loop and Outer Loop TFRC Control

The link adaptation mechanism assumed by RAN1 for HSDPA can be seen as a closed loop TFRC adaptation. Enhancements to this basic closed loop control have been presented [1-4] and possible benefits were identified.  Here we interpret these techniques as an Outer Loop Control mechanism collaborating with the inner loop TFRC adaptation as shown in Figure 1 (follow the red and blue arrow for inner and outer loop control respectively). Here we assume CPICH Ec/No as the CQI measurement rather than CPICH SNR. The inner loop selects the TFRC by comparing the reported CPICH Ec/No with a set of switching thresholds provided by the outer loop. (Note that conceptually, one can simply switch off the outer loop by setting fixed TFRC switching levels, obtained by off-line calibration of UE BLER performance. However this entails practical difficulties which OL-TC allows us to avoid).
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Figure 1: System Diagram of Outer and Inner Loop TFRC Control

OL-TC is analogous to R99 Outer Loop power control. In R99 Outer Loop power control, the SIR Target is slowly adjusted in order to maintain a target BLER. In OL-TC, the CPICH Ec/No thresholds at which each TFRC is selected are slowly adjusted in order to maintain a target BLER. This adaptation is performed independently for each UE. An example of OL-TC is given in the Appendix.

We should also note that this is somewhat similar performance requirement as specified in current RAN1 uplink CQI reporting based on target BLER [5] 

Although the OL-TC can be implemented at either node B or UE, we propose that OL-TC is located at the node B for the following reasons.

· The node B has additional information  such as DL-DPCH TX power and PDSCH TX power (see Figure 2), and we wish to allow the node B freedom to make use of this information for TFRC selection.

· We wish to avoid restricting the number of codes allocated by the node B scheduler
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Figure 2: Detailed functional interface of inner and outer loop TFRC control 

3. Choice of Uplink Signaling

So far, two alternatives for uplink signaling have been considered from the RAN1 and RAN4 perspectives. 

· TFRC + power offset. We presented simulation results showing that TFRC reporting with power offset does not provide significant gain. 

· SNR measurement. This imposes restrictions on the UE implementation such as identical finger assignment for both CPICH and PDSCH. 

We prefer to re-use the current R99 CPICH Ec/No UE measurement as far as possible, instead of introducing new measurements. 

A recent proposal [6] identified that CPICH SNR and CPICH Ec/No are linearly associated to each other
. However the unknown linear mapping between PDSCH SNR and CPICH Ec/No is difficult to obtain in practice for the following reasons: 

· It depends on UE implementation, e.g. finger assignment for CPICH and PDSCH or implementation dependent channel estimation quality.

· It depends on the Channel Impulse Response.

Without knowledge of the mapping of CPICH Ec/No to SNR, inner loop TFRC selection based on CPICH Ec/No is not practical. OL-TC enables us to automatically learn this mapping for each UE. For example, if two UEs, one using RAKE and one using an ‘advanced’ receiver, both report the same value of CPICH Ec/No, the Inner Loop will select appropriate TFRC level for each UE based on the UE-specific OL-TC adjustment. In other words, the node B learns the performance of each UE at a given DSCH transmission power regardless of the UE implementation. An example is shown in Figure 3.
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Figure 3: Ec/No domain Optimum Threshold Estimation by Outer Loop Control 

4. Conclusion

In this contribution, we have shown the benefits of adopting Outer Loop TFRC Control (OL-TC) in the node B which we summarise as follows. 

· We avoid introducing new CQI measurements for R5 by reuse of R99 CPICH Ec/No UE measurement.

· We simplify UE type approval testing by using an ‘open’ measurement for CQI.

· We avoid restricting the TFRC selection algorithm

· The node B adapts automatically to different UE receiver implementations, without the need for complex calibration.
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6. Appendices

6.1. An example of Outer Loop TFRC Control

Outer loop control adjusts TFRC  switching levels to maintain a target TTI block error rate (PNACK). The algorithm increases the TFRC switching level by Up when a NACK is received and decreases it by Down when an ACK is received. An illustration of outer loop control based threshold adjustment is shown below in Figure 4. 

A condition for selecting suitable value of Up and Down is shown in what follows: 
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This equilibrium condition implies the expected threshold adjustment is zero when the target PNACK is achieved. 
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Figure 4: Adaptive Learning Process of Outer Loop TFRC Control

6.2. Appendix B Comparison of reporting schemes based on Operator requirement criteria.

	Requirements from operator point of view
	TFRC Reporting
	SNR Reporting
	Ec/No Reporting


	Re-use of R99 Measurement
	No
	No
	Yes

	Consistent and deterministic behaviour of UE
	Yes
	Yes
	Yes

	Exploitable independency of feedback information
	No
	Yes (limited?)
	Yes

	HSDPA terminals testing
	Complicated and infeasible if multiple mapping table exists
	UE Implementation dependency


	Re use of R99 testing procedure. 

	Restriction on Node B scheduler
	?
	No
	No

	Signalling UE specific info
	Not required
	May be required 

(e.g. Turbo coding iteration number)
	No
































� Please refer [6] Eq 2.11 and Eq. 2.13


� Note that 200 ms measurement period of Ec/No was specified in R99 for the purpose to the higher layer. This measurement period was chosen to average out the fast fading whereas a shorter measurement period, e.g. sub-frame based, is required for the purpose of HS-DSCH CQI uplink signaling.
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