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1 Introduction

In the RAN1 meeting #28, there was some discussion on the operation of CQI for TDD. This document notes some issues with CQI reporting for TDD. The issues can be separated into two broad classes.

The first class of issues relate directly to the definition of CQI reporting in 25.224 [1]. If the CQI reporting method remains generally the same as that described in 25.224 (which is also described in TR25.858 [2]), then these issues should be addressed and corrected.

The second class of issues relate to inefficiencies that result from the TDD CQI reporting scheme and misalignments between the TDD and FDD CQI reporting schemes (though it is understood that alignment is only a goal worth striving for when it does not negatively impact one of the UTRA modes).

It is intended that this document will facilitate discussion such that CQI reporting issues can be resolved at the earliest opportunity. 

2 CQI Reporting Procedure Definition (first class)

The CQI reporting procedure is currently defined as follows in 25.224 :

The reporting procedure is as follows:

1.
The UE receives a message on an HS-SCCH telling it which resources have been allocated to it for the next associated HS-DSCH transmission.

2.
The UE reads the HS-DSCH transmission, and makes the necessary measurements to derive a CQI that it estimates would give it the highest throughput for the allocated resources whilst still meeting a specified threshold  BLER of 10%.

3.
The UE reports the most recently derived CQI to the NodeB in the next available HS-SICH.
There are specific issues relating to points 2 and 3 in the above procedure.

1. It needs to be clarified in point 2 that the CQI relates to a probability of block error for an initial transmission of 10%. When there is a retransmission, the current CQI definition is unclear regarding whether the CQI is derived based on the retransmission in isolation or whether it is derived based on the retransmission and previous (re)transmissions already stored in the UE HARQ buffer. 

2. There are timing issues in point 3 that are currently undefined. Due to the fact that there is no specification for the amount of time a UE may take to derive CQI, the Node B is unaware of the HS-PDSCH resources on which the UE derived its most recent CQI. For example, Figure 1 shows a situation where the HS-SICH timeslot immediately follows an HS-PDSCH timeslot. When the Node B receives the CQI report on the HS-SICH in frame 3, it will be unaware of whether that CQI report relates to the HS-PDSCH resource in frame 3 (the UE might be able to derive a CQI report extremely quickly) or the HS-PDSCH resource in frame 2. Thus, if the Node B assigns different HS-PDSCH resources to the UE in frames 2 and 3, the Node B will be unable to demap the CQI report received in frame 3. The conclusion is that the current CQI reporting scheme can only work if timing requirements (known to the Node B) are defined for the UE to generate CQI reports.

A reasonable timing requirement for derivation and transmission of the CQI report for HCR-TDD is 2 timeslots (corresponding to a single timeslot between the end of the last HS-PDSCH resource and the start of the HS-SICH).
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Figure 1 - CQI reporting : timing considerations

3 Inefficiencies and misalignments (second class)

The following inefficiencies and misalignments between TDD and FDD exist with the current CQI reporting scheme :

1. The TDD CQI is reported via a suggested transport block size and modulation. This report covers a small dynamic range compared to the 32dB that can be signaled in FDD.

2. The Node B is unable to offset the CQI measurement report to allow the UE to report exceptionally good channel quality conditions (this can be done in FDD by use of the measurement power offset parameter Γ as defined in 25.214 sec 6A.2).

3. The Node B is required to store details of previous HS-PDSCH allocations to the UE in order to demap future CQI reports. This unnecessarily complicates procedures at Node-B.

4. The HS-SICH upon which the CQI report is returned is a greatly underutilized resource.

5. The Node B does not receive periodic CQI reports on which to make scheduling decisions.

Points 1-3 can be solved by aligning the TDD CQI reporting to that of FDD. The CQI report could be defined to be based on an assumed Node B transmit power available for HS-PDSCH transmission (as per FDD) and assuming a set of timeslots (note that in TDD there is an issue in that ISCP may vary from timeslot to timeslot and this issue will have to be addressed). This solution removes the link between a CQI report and a previous HS-PDSCH allocation, increases the dynamic range of the CQI report and can lead to a smaller number of bits being required to signal the CQI. 

Point 4 can be solved by defining the CQI (and ACK / NACK) to be merely a physical field within a Node B allocated uplink physical channel. This payload of this uplink physical channel could be used to carry uplink data or signalling (there are likely to be RLC status PDUs as well as TCP acknowledgements to be transmitted in the uplink during the time that HS-DSCH is active).

Point 5 could be solved by either allowing the Node B to request a CQI report (in a manner adapted from [3] : the CQI report could be based on an assumed Node B transmit power as described above) or sending the CQI information as a physical field terminated at the Node B on the release-5 specific uplink DPCH. It is noted that the uplink DPCH is currently completely unnecessary for HCR-TDD HSDPA operation and transmission of CQI information on the uplink DPCH would at least make some use of this otherwise wasted resource. Any scheme returning CQI information on the uplink DPCH would have to assume fractionation of the uplink DPCH in order to minimize resource wastage (cf [4]).

4 Conclusion

There are concerns with the current TDD CQI reporting scheme. A first set of concerns relates specifically to areas that need clarifying and correcting now within the current release 5 specifications. A second set of concerns raise more fundamental issues that need further consideration and detailed proposals.  Discussions on these topics would be welcomed.
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