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1. Introduction

Following the discussion at RAN1#30, this contribution gives the text proposal on CQI Enhancement for the TR on HSDPA Enhancements [1]-[9].

2. Reference

[1] Mitsubishi, Lucent, “On Variable Rate CQI Feedback”, R1-02-1215.

[2] Lucent, “Variable Rate Channel Quality Indication”, R1-02-0935.

[3] Lucent, “UL overhead reduction by using DL activity dependent CQI reporting”, R1-02-1069.

[4] Siemens, “CQI Reporting Enhancement”, R1-02-1046.

[5] Mitsubishi, “The performance of Additional CQI Feedback and Text Proposal”, R1-030045.
[6] Philips, “Averaging of CQI measurements”, R1-030089
[7] Philips, “Text Proposal for TR on HSDPA Enhancements”, R1-030090
[8] Philips, “Averaging of CQI measurements for mixed UE velocities”, R1-030127
[9] Siemens, " Improvement of HSDPA throughput and resource consumption using fast CQI messages",
 R1-030006
5 Overview of Technologies considered as Enhancement
5.1 CQI Enhancement

5.1.1 Variable Rate CQI Reporting

 In Release-5, a fixed CQI reporting rate is used that can only be adjusted through higher layer signalling. A slow CQI reporting rate will reduce UL signalling overhead. However, it may also result in outdated CQI being used in scheduling and MCS selection, which will degrade the system performance. In order to improve the accuracy of channel quality estimates, a high CQI reporting rate is desirable. However, higher CQI reporting rates result in larger overheads thus impacting the overall uplink capacity. 

The enhancement described as “Variable Rate CQI Reporting” reduces the UL signalling overhead while ensuring that up-to-date CQI information is available at the time of downlink activity for efficient scheduling and rate selection.  This would result in frequent CQI reports during periods of downlink activity and fewer reports at other times. Due to the bursty nature of the data traffic, UEs are active for only a fraction of the time and therefore, an increased CQI reporting rate during the active periods will not incur significant UL signalling overhead.

5.1.2 On-Demand CQI Feedback
In case a HSDPA packet call is initiated, the most recent CQI transmission may be already outdated and there is no possibility to obtain a more accurate value before the next regular CQI transmission is due. Therefore the technology described as "On-Demand CQI Feedback" extends the Release-5 feedback cycle based CQI scheme by introducing more flexibility through the possibility of requesting additional CQI transmissions on demand, especially prior to the first packet of a packet call. 

The motivation for this technology is to improve in particular the performance of the first packets of a HSDPA packet call and the additional CQI transmissions are triggered by a layer 1 message utilizing the redundant area of the channelization code-set mapping on the HS-SCCH.

5.1.3 Duration of CQI measurement
In Release 5, the reported CQI has been defined to relate to the combination of HS-DSCH transport block size, number of codes and modulation which could be received with a given error probability in one specific 3-timeslot period. 

However, the actual measurements which are used by the UE to determine the reported CQI relating to this 3-timeslot period are not explicitly defined, nor are the time instants at which any such measurements should be made. 

The technology described here as “Duration of CQI measurement” may include one or more of a number of aspects, including:

· Introducing the possibility of deriving a number of successive CQI values as defined by the Release 5 specifications, averaging them at the UE, and reporting the averaged value. The averaging may be carried out in either a linear or a logarithmic manner. 

· Introducing, possibly as an alternative to the currently-specified 3 timeslots, a different length of period to which a CQI report may relate; this is equivalent to reporting a CQI value which relates to some average of the channel conditions over the period.

· Introducing any new signalling which may be necessary to support this technology.

The motivation for this technology is to improve the suitability of the MCSs which are used on the HS-DSCH for the prevailing downlink radio channel conditions, especially when low CQI reporting rates are used. 

At high UE speeds when the channel is subject to fast fading, it may also be advantageous for the UE to base the CQI report on some measure of the average channel quality rather than on the instantaneous quality. 

At the link level, this should reduce the number of HARQ retransmissions which are required for successful packet transmission. At the system level, improvements should be seen in terms of delay and packet throughput. 

This technology may reduce the amount of uplink CQI signalling which is necessary, resulting in reduced UL interference and improved UE battery life. 

6 Details of Technologies 
6.1 CQI Enhancement

6.1.1 Variable Rate CQI Reporting
6.1.1.1 Features
Variable rate CQI operation may be performed in the following ways:

1. Activity-Based CQI Feedback
In this scheme CQI information is sent with every ACK or NACK of HS-PDSCH data in addition to periodic reporting whose period is determined through higher layer signalling. Note that due to the bursty nature of data traffic, when a transmission is performed to a UE, it is likely that more transmissions or HARQ retransmissions will occur to the same UE within a short period of time. Therefore, this method makes up-to-date CQI information available to the Node B for future transmissions to the UE.  
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Figure 1: Diagram illustrating the activity-based CQI feedback scheme. The additional CQI feedbacks that are triggered by downlink activity are shown in red.

2. NACK-Based CQI Feedback
In this scheme, CQI information is sent with negative acknowledgement (NACK) of HS-PDSCH data in addition to periodic reporting whose period is determined through higher layer signalling. Figure 2 outlines the scheme.
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Figure 2. Diagram illustrating the NACK-based CQI feedback scheme. The additional CQI feedbacks that are sent along with NACKs of HS-PDSCH data are shown in red.
6.1.1.2 Evaluation and Benefits
6.1.1.2.1 Benefits

In this section, we discuss the benefits of the variable rate CQI schemes discussed in Section 6.1.1.1.

The main benefits of variable rate CQI are expected to lie in the following areas:

· Reduction of UL signalling overhead due to CQI reporting without degrading system performance. 
· Improved MCS selection and scheduling.
The reduction in UL signalling overhead for the DL activity based reporting scheme depends on the fraction of time downlink transmissions are actually scheduled to a mobile. The improvement in MCS selection would apply to all transmissions except the first transmission of the first packet of a burst. For the NACK based reporting scheme, the reduction in UL signalling overhead will be greater than with DL activity based reporting above. The improvement in MCS selection would apply to all retransmissions. However, the impact of not having CQI feedback with ACKs on system throughput is to be evaluated.  

6.1.1.2.2 Performance Evaluation

Detailed evaluation is FFS.  Some relevant references are as follows:

R1-01-1037

R1-02-0429

R1-030045

R1-02-1069

R1-02-1215

6.1.1.3 Impacts on other WGs

FFS.

6.1.2 On-Demand CQI Feedback

6.1.2.1 Features
This scheme allows the Node B to request additional CQI transmissions on demand and ensures an up-to-date CQI value whenever needed (e.g. prior to the transmission of the first packet of a packet call). 
The technique adds the feature to request a CQI transmission through a layer 1 message on the HS-SCCH. The new layer 1 message, which is signalled on the HS-SCCH utilizes the redundant area of the channelization code-set mapping. Table 1 describes a possible solution and Figure 3 depicts the HSDPA channelization code-set mapping as defined for Release-5.

Table 1. Utilization of Channelization Code-Set Mapping for On-Demand CQI Reporting

	Bits [xccs,1, ..., xccs,7]
	Purpose
	Remarks

	000 0000 … 011 1111
	Used by Release-5
	Defines the Channelization Code-Set used on the HS-DSCH 

	111 0000
	Unused in Release-5, used for Fast CQI Request
	Request an additional CQI report

	111 0001 … 111 0111
	Unused in Release-5
	Reserved for extensions

	111 1000 … 111 1111
	Used by Release-5
	Defines the Channelization Code-Set used on the HS-DSCH 
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Figure 3. Channelization Code-Set Mapping on HS-SCCH

6.1.2.2 Evaluation and Benefits
This scheme adds the feature to request additional CQI transmissions to the Release-5 feedback cycle based operation. Thereby it can be ensured to get an up-to-date CQI value whenever needed (e.g. prior to the first packet of a packet call). The main benefits are expected to lie in the following areas:

· Performance improvement of the first packets of a packet call

· Reduction of uplink interference and saving of UE resources

· Tracking of channel conditions in case a UE is in SHO

· Reduction of radio link reconfiguration messages
More evaluations and details are for FFS.

6.1.2.3 Impacts on other WGs

FFS

6.1.3 Duration of CQI measurement
6.1.3.1 Features
The following methods may be used:

6.1.3.1.1 Reporting averaged CQI 

This method builds on the current Release 5 specifications.  The specification relating to the method of deriving a CQI value would not be changed. However, the current specifications regarding the reporting of CQI values would be enhanced, to enable the network to instruct the UE to store its derived CQI values for a defined period, and to report an average of those values. 

The defined period could be signalled explicitly or implicitly by the network, or predefined. 

The exact method for the averaging and the definition of the averaging period(s) are FFS.

6.1.3.1.2 Reporting CQI relating to average DL conditions over more than 3 timeslots

This method would involve a new definition of CQI, probably as an alternative to the existing definition. The use of the original or new definitions of CQI would be signalled by the network. 

The new definition of CQI would relate to some period longer than 3 timeslots, and would involve some averaging of one or more measures of downlink channel quality over this longer period. 

The exact length of the period could be signalled explicitly or implicitly by the network, or predefined. 

Details of possible schemes are FFS.

6.1.3.2 Evaluation and Benefits
The main benefits of this enhancement are expected to lie in the following areas:

· Improved packet throughput and delay due to more suitable choice of MCS and scheduling.

· Reduced uplink interference from CQI transmissions due to greater ability to use low CQI reporting rates. 

Detailed evaluation is FFS. Some relevant references are as follows:

R1-03-0089

R1-03-0127

6.1.3.3 Impacts on other WGs

FFS

Annex B: Simulation Assumptions
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