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Introduction

This document discusses CQI enhancements proposed in TR 25.899. In general these schemes aim to support maximum downlink capacity, but with lower uplink interference than the current UMTS specification allows.   

A framework is proposed for comparing the benefits of reduced uplink interference resulting from various types of CQI enhancement scheme.  

Some results are presented and conclusions drawn.

Calculation of uplink capacity with HSDPA

As a starting point for this evaluation we assume that the highest possible performance for HSDPA is obtained under the condition that every UE reports CQI in every sub-frame. 

Thus, one of the main motivations for improvement to CQI reporting is to achieve similar performance to the maximum possible, but with less frequent CQI reports, thus reducing the uplink interference. This in turn allows a higher capacity on the uplink (e.g. more users or higher throughput per user). Here we present a simple model of uplink interference which can be used to compare different proposals.

We propose to compare the UL interference generated by the different proposals by estimating the limit imposed by the uplink on the maximum number of HSDPA users which could be supported in a single cell. We make a number of assumptions, as follows:

· Each HSDPA user transmits one DPCCH continuously

· There are no errors in HS-SCCH reception

· Each user transmits either ACK or NACK in response to each HS-DSCH sub-frame for that user

· Each user transmits CQI regularly and/or according to the particular scheme under consideration

· There are no other uplink transmissions from the HSDPA users, and no non-HSDPA users

· Effects of HS-DPCCH transmission errors are not considered 

· Compressed mode is not considered here

For the purposes of this analysis it is useful to characterise the uplink capacity in terms of the maximum number simultaneous of DPCCH’s (or equivalent) which could be supported with no other uplink channels present. Then the maximum received power at the Node B can be expressed as:
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where 
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 is the average power needed to correctly receive a DPCCH at the Node B

Considering the operation of HSDPA, where the duration of CQI is double that of ACK or NACK, the total average uplink power received at the Node B can be expressed as:-
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where 
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 is the number of uplink DPCCH’s (equal to the number of HSDPA users)
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 are the average number of ACK’s, NACK’s and CQI’s transmitted per subframe respectively (including repetitions)
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 are the required receive power levels of ACK, NACK and CQI respectively.

If we set 
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, we can write the maximum number of HSDPA users, NHSDPA, which can be supported in the uplink as
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If the average number of HSDPA downlink transmissions per subframe is
[image: image10.wmf]SCCH

HS

N

-

, there are no repetitions of ACK/NACK or CQI (i.e. N_acknack_transmit = N_cqi_transmit = 1), and the average HS-DSCH block error rate (including both first transmissions and retransmissions) is
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If we assume that the reporting rate for CQI depends on whether the UE is in soft handover, then this becomes
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where
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 is the fraction of UE’s in SHO, 
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 are the average CQI reporting rates per UE for UE’s in SHO and non-SHO respectively. 

This leads to:
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We can use this expression to model some typical HSDPA configurations and the proposals for improvement of CQI reporting, for example:

1) Regular CQI reporting. In SHO reporting every subframe may be needed in order to provide an up-to-date channel quality estimate. The reporting period could be longer in non-SHO, where channel quality can be tracked by monitoring downlink DPCCH power.  The power levels for ACK, NACK and CQI can be set to reflect any offset with respect to uplink DPCCH power.

2) Activity based reporting. If additional CQI reports are sent when there is a downlink transmission, then this can be modelled by increasing the effective power levels of ACK and/or NACK to take account of the fact that a CQI report is also sent. 

Note that the effective power levels for ACK, NACK and CQI could also be increased to take into account repetitions.

So the maximum number of HSDPA users can be expressed as


[image: image17.wmf](

)

(

)

CQI

SHO

NSHO

CQI

SHO

SHO

CQI

NACK

ACK

SCCH

HS

MAX

DPCCH

HSDPA

F

R

F

R

BLER

BLER

N

N

N

a

a

a

)

1

(

2

3

.

)

1

(

3

-

+

+

+

-

-

=

-

-

-

-



(7)

Where 
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  are the effective power levels of ACK, NACK and CQI, respectively relative to the DPCCH.

Let us assume for example that
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Comparison of different CQI reporting schemes

Using equation (8) we can now compare the effect on uplink capacity for various CQI reporting schemes:

A. Reporting CQI every subframe. This is expected to give the best possible downlink performance.

B. Reducing the reporting rate in non-SHO.  Here channel quality is tracked using downlink DPCCH power. This reporting rate reduction can be applied in non-SHO without loss of downlink throughput. We assume that reducing the reporting rate in SHO is generally undesirable since the downlink DPCCH power does not give a good indication of channel quality. 

C. Activity based CQI reporting for every downlink transmission: We assume that close-to-optimum downlink throughput can be obtained by sending one extra CQI in the uplink whenever HS-SCCH is sent in the downlink. For the schemes proposed so far we assume this would be in addition to regular reporting at the slowest supported rate.

D. Activity based CQI reporting for every uplink NACK: We assume that close-to-optimum downlink throughput can be obtained by sending one extra CQI in the uplink whenever the downlink HS-SSCH transmission requires a negative acknowledgement. For the schemes proposed so far this would likewise be in addition to regular reporting at the slowest supported rate.

For schemes C and D, the uplink interference caused by the activity based reporting is modelled by increasing the effective power of ACK and/or NACK to include the extra energy of the associated CQI report. 

Note that the schemes defined here are not necessarily identical to those in the TR, but will have similar uplink interference characteristics.  For example, schemes for CQI transmission in response to downlink signalling (“CQI on-demand”) may generate uplink interference levels similar to activity based schemes. Other schemes can easily be modelled and compared using a similar approach. 

To represent typical conditions, let us assume no power offset for ACK, NACK and CQI relative to DPCCH. This gives the results in Table 1.

	Scheme
	CQI reporting method
	Regular reporting period (Non-SHO)
	Regular reporting period (SHO)
	ACK (effective ACK power

relative to DPCCH)
	NACK (effective NACK power (relative to DPCCH)
	CQI (effective CQI power relative to DPCCH)
	Maximum number of HSDPA users 

	A
	Regular report
	1
	1
	1
	1
	1
	299

	B’
	Regular report
	10
	1
	1
	1
	1
	400

	B’’
	Regular report
	80
	1
	1
	1
	1
	413

	C
	Activity based: Every HS-SCCH
	80
	80
	3
	3
	1
	491

	D
	Activity based: Every NACK 
	80
	80
	1
	3
	1
	494


Table 1: Maximum HSDPA users “Typical case”

For worst case conditions lest us assume 6dB power offset for ACK, NACK and CQI relative to DPCCH. This gives the results in Table 2.

	Scheme
	CQI reporting method
	Regular reporting period (Non-SHO)
	Regular reporting period (SHO)
	ACK (effective ACK power

relative to DPCCH)
	NACK (effective NACK power relative to DPCCH)
	CQI  (effective CQI power relative to DPCCH)
	Maximum number of HSDPA users 

	A
	Regular report
	1
	1
	4
	4
	4
	134

	B’
	Regular report
	10
	1
	4
	4
	4
	248

	B’’
	Regular report
	80
	1
	4
	4
	4
	271

	C
	Activity based: Every HS-SCCH
	80
	80
	12
	12
	4
	468

	D
	Activity based: Every  NACK 
	80
	80
	4
	12
	4
	476


Table 2: Maximum HSDPA users “Worst case”

The results in Tables 1 and 2 suggest that the number of HSDPA users per cell would typically not be limited by the uplink interference resulting from operation of HS-DPCCH. However, in some cases there would be a significant impact on the total uplink capacity, so it is worthwhile to consider schemes to reduce uplink interference from HS-DPCCH. The activity based approach seems most promising here.

When the Node B tracks changes in DL channel quality using the DL DPCCH power, the use of CQI averaging has been shown to give some additional benefit [1] for high speed UE’s in non-SHO, and does not reduce performance for other UE’s. This additional benefit will also be available if CQI averaging is used in conjunction with any activity based CQI reporting scheme.

We assume that activity based schemes can be applied in SHO. Thus it seems likely that any activity based reporting schemes will not contribute significantly to the uplink interference, even with more transmissions or higher powers than considered here. Therefore it may be preferable to evaluate them on the basis of their performance with respect to downlink throughput, particularly in SHO.  

Conclusions

· Reducing the CQI reporting rate in non-SHO can reduce average uplink interference significantly.

· Provided they can be applied in SHO, activity based CQI reporting techniques can allow further reduction in average uplink interference.

· Activity based schemes should be assessed on the basis their downlink throughput, particularly in SHO.

· CQI averaging can be combined with activity based schemes to increase downlink throughput without increasing uplink interference.
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