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1. Introduction

Previous papers [1 – 3] have raised the question of what the UE should transmit in CQI fields which are scheduled for CQI transmission, but for which the corresponding reference period (i.e. the 3-slot period which ends 1 slot before the start of the CQI transmission) is wholly or partly within a compressed mode transmission gap. 

We consider first the case when compressed mode is used on both the UL and the DL. In this case, for each transmission gap a maximum of 1 scheduled CQI report may be affected – after the transmission gap. 

Various methods have been suggested:

1. Let the network (RNC) avoid scheduling CQI reports for which the corresponding reference period would be wholly or partly within a transmission gap.

2. Use DTX in such CQI fields.

3. Specify the UE to report a CQI value derived for a reference period before the transmission gap.

4. Let the UE transmit some implementation-specific signal. 

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

The aim should be to make whatever is transmitted be as useful as possible to the Node B, while avoiding ambiguity in the specifications and unnecessary UL interference.

2. Consideration of methods
We consider each method in turn:

Method 1: Let the network (RNC) avoid scheduling CQI reports for which the corresponding reference period would be wholly or partly within a transmission gap

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: Use DTX in such CQI fields

This method solves the ambiguity in the specifications and 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 solves the ambiguity in the specifications, and 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 On the other hand, for longer transmission gaps the information may be too out-of-date to assist the scheduler.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 does not solve the ambiguity of what should be transmitted in CQI fields for which the reference period would be wholly or partly within a transmission gap. However, it does enable the Node B to receive up-to-date CQI information at the earliest opportunity after a transmission gap.

3. Recommendations
From the above discussion, it seems that none of the methods on its own offers an ideal solution. Methods 1 (rely on RNC scheduling) and 4 (transmit implementation-specific signal) seem the least useful. 

When UL and DL compressed mode are used simultaneously, the ambiguity could be solved while also providing the best information for the Node B by specifying a combination of methods 3 and 5. 

When DL-only compressed mode is used, a larger number of CQI reports may be affected by their corresponding reference period being in the transmission gap. In this case, DTX (i.e. method 2) could be used in some CQI fields to reduce the uplink interference. 

We therefore suggest the following for the case when N_cqi_transmit = 1:

· For any scheduled CQI field for which the corresponding reference period would wholly or partly overlap a DL transmission gap, the UE reports the CQI value corresponding to the most recent complete reference period, unless the CQI value corresponding to the most recent complete reference period has already been transmitted, in which case DTX is used. 

· Note that the “most recent complete reference period” is the 3-slot reference period which ends 1+3n slots before the start of the CQI field, where n is the smallest positive integer such that the reference period does not overlap a DL transmission gap. 

· Further, if a scheduled CQI field is DTX’ed or used for a report relating to a reference period ending more than 1 slot before the CQI field (as described above), the UE also transmits a CQI report in the first subsequent CQI field which does not overlap an UL transmission gap and for which the corresponding reference period does not overlap a DL transmission gap. 

· Note that this extra CQI transmission only occurs if the feedback cycle k > 1.

For illustration, some examples are shown in the following Figures.

Figure 1:  Simultaneous UL and DL gaps; CQI feedback cycle k = 1
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Figure 2: Simultaneous UL and DL gaps; CQI feedback cycle k = 4
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Figure 3: Compressed mode gap in DL only; CQI feedback cycle k = 1
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Figure 4: Compressed mode gap in UL only; CQI feedback cycle k = 4
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When N_cqi_transmit > 1, the new provisions obviously only apply if the reference period before the first of each group of N_cqi_transmit subframes; the last (N_cqi_transmit – 1) transmission of each CQI report are simply repeats of the first transmission. 

If a CQI report is derived from an earlier reference period as a result of the usual reference period overlapping a transmission gap, the report derived from the earlier reference period should be transmitted N_cqi_transmit times (except for any CQI fields which overlap a transmission gap), in common with all other CQI reports. Similarly, if DTX is used the DTX should be repeated N_cqi_transmit times. 

The possible extra CQI report after a transmission gap could apply if less than N_cqi_transmit copies of the previous report were transmitted, on the assumption that the Node B may not have been able to decode the previous report accurately due to the reduced number of transmissions. However, the extra CQI report should not be transmitted if it would overlap the start of the next shceduled CQI report. Further, if an extra CQI report is transmitted, it should be a multiple of N_cqi_transmit subframes after the last scheduled CQI report, for simplicity and ease of decoding. 

4. Conclusions

The recommendations described above for specifying CQI reporting behaviour when there are compressed mode transmission gaps occur aim to achieve the following:

· Clear, simple specification with ambiguity removed;

· Low uplink interference as each CQI report is only transmitted N_cqi_transmit times; CQI reports are not transmitted more than N_cqi_transmit times if new complete measurements have not been made due to DL transmission gaps;

· The Node B receives the most up-to-date CQI information available at the earliest opportunity after a transmission gap if any CQI report cannot be transmitted as a result of an UL or DL transmission gap. 

A corresponding CR for TS25.214 is enclosed with this document. 
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