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1. Background

Several recent papers have raised the issue of CQI reporting when some CQI reports (or the associated measurements) overlap compressed mode transmission gaps [1 – 4]. The text proposal in [2] for Release 6 was postponed pending the conclusion of discussions for Release 5.

In [4], a number of possible methods for CQI reporting when compressed mode patterns are active were discussed, as follows:

Method 1: Let the network (RNC) avoid scheduling CQI reports in affected CQI fields

This has the advantage of not requiring any additional specification. However, it would often not be possible to achieve in practice, as the most useful CQI feedback interval would not necessarily have the same periodicity as the compressed mode transmission gaps. Also, with short feedback intervals it would be inevitable that some CQI reference periods would conflict with transmission gaps. 

Method 2: Miss out affected CQI reports

This method reduces the UL interference, but ensures that the Node B does not receive any useful information in the affected CQI fields. 

Method 3: Specify the UE to report a CQI value derived from a reference period before the transmission gap

This method enables the Node B to receive some information which may be useful if the transmission gap is short. On the other hand, for longer transmission gaps the information may be too out-of-date to assist the scheduler. If this method is used, the relevant reference period before the transmission gap should be unambiguously specified in order to enable the Node B to make the best use of the report. 

Method 4: Let the UE transmit some implementation-specific signal

This method specifies that the behaviour is not specified. It has the disadvantage that the Node B would not know what the CQI report related to and would therefore be very unlikely to be able to use it. The UE therefore generates UL interference with virtually no benefit. 

Method 5: Transmit an extra CQI report derived from the earliest complete reference period after the transmission gap

This method enables the Node B to receive up-to-date CQI information at the earliest opportunity after a transmission gap.

At RAN1#33, a CR was approved [5] to remove the previous ambiguity in the Release 5 specifications regarding the UE’s transmission in the CQI fields when the corresponding measurement cannot be made due to downlink transmission gaps. It was agreed to use DTX in such CQI fields – i.e. Method 2 above. Further modifications to address the issue of missing CQI reports due to compressed mode were deferred to Release 6. 

It was explained in [4] that methods 1 (relying on RNC scheduling) and 4 (allowing the UE to transmit an implementation-specific signal) are not considered to be useful. 

At RAN1#33, it was also felt by a number of companies that Method 3 (reporting CQI based on a reference period before the transmission gap) does not provide useful information to the Node B. 

For Release 6 improvements, this therefore only leaves Method 5 (extra CQI report after a transmission gap) as a possibility to consider. 

A brief draft text proposal for TR25.899 is provided below describing the possible technique. Note that this text proposal overlaps with the text proposal in R1-030964. Therefore if R1-030964 is accepted and also the principle of this document is agreed, a revised version of the text proposal below will be prepared.
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---- Start of text proposal ----

5.1 CQI Enhancement for FDD mode

In Release-5, a fixed CQI reporting rate is used and 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. It is desirable that sufficient CQI reports are transmitted to allow effective scheduling and MCS selection for transmissions on the HS-DSCH, while at the same time minimizing the uplink interference due to CQI transmissions on HS-DPCCH.  Hence different enhancements may be considered:

· Use of additional CQI reports, for example during periods of downlink activity and in compressed mode, with periodic reporting only at other times 

· Introduction of CQI requests triggered through a layer 1 message to obtain on demand CQI updates

· Enabling the UE to store its derived CQI values for a defined period, and report an average of those values
The technologies are described in the following sections will be studied separately as well as in combination.
Editor's note : The overview of proposed technology for enhancement shall be described here. The motivation of enhancement shall also be described.

Editor's note : If more than one schemes are proposed in same technology field, all schemes shall be described respectively or as a combination of them.

5.1.1 Variable Rate CQI Reporting

The enhancement described as “Variable Rate CQI Reporting” aims to reduce 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 additional CQI reports being transmitted, for example during periods of downlink activity and after compressed mode transmission gaps, and fewer, periodic reports at other times.

-----------------------------

6 Details of Technologies 

Editor's note : The details of each proposed technology is described in each subclause. Subclause shall be added whenever technology is proposed and approved to be on this document.

6.1 CQI Enhancement for FDD mode

6.1.1 Variable Rate CQI Reporting
Editor's note : The details of proposed schemes including some points changed from Release 5 specification shall be described.

Editor's note : If more than one schemes are proposed in same technology field, all schemes shall be described respectively or as a combination of them.
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.
3. Compressed Mode CQI Feedback
When compressed mode transmission gaps overlap either a scheduled CQI field or the corresponding measurement period, normal CQI reports are not transmitted in Release 5. As a result, for a while after each transmission gap the Node B’s ability to make an accurate estimate of the channel quality is reduced.
In this technique, an additional CQI report is therefore transmitted at the earliest opportunity after a scheduled CQI report has been DTX’ed due to a compressed mode transmission gap. 
A typical example is illustrated in Figure X.
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Figure X:  Example of CQI reporting in conjunction with compressed mode transmission gap

6.1.1.2 Evaluation and Benefits

Editor's note : The performance evaluation results by some analysis (e.g. simulation), the complexity and so on shall be shown. The benefits by the enhancement shall be clearly described.
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.  For the additional CQI reports adjacent to compressed mode transmission gaps, the main benefit is in improved packet scheduling and selection of MCS after compressed mode transmission gaps when the power control loop on the dedicated channels is not converged.  The most useful benefits are expected to be achieved when the CQI feedback cycle, k, is long. 
6.1.1.2.2 Performance Evaluation

Detailed evaluation is FFS.
6.1.1.3 Impacts on other WGs

FFS.
Editor's note : The impacts on other WG specification shall be described if there are.
-------- End of text proposal  --------
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