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1. Introduction

At RAN1#29 it was decided to have a draft TR on HSDPA Enhancement for Release 6, describing all HSDPA enhancement technologies in the L1. These enhancements are to achieve system performance gain and/or other beneficial advantages. This tdoc referes to UTRAN TDD mode for dynamic range extension of CQI. The TDD CQI scheme for HSDPA is specified in [1] and is  considered to be complete. The principle of the TDD CQI scheme is that the UE reports the transport block size and modulation format that it believes would have maximised the throughput of the previous HS-DSCH transmission, if decoded in isolation. Since, under this definition, no UE can report a coding rate greater than unity with 16-QAM modulation, some concern has been expressed in offline comments that the current scheme does not distinguish between UEs experiencing very good quality (i.e. able to support uncoded transmissions using 16-QAM modulation) for the purposes of scheduling.

This is obviously true, though it is considered extremely unlikely that these conditions will arise very often in practice. However, when they do, clearly it will be of benefit to the NodeB to be able to determine at which UEs these conditions are likely to be maintained. It is expected that UEs experiencing a higher SIR will be more likely to continue experiencing an SIR capable of supporting uncoded 16-QAM transmissions than a UE experiencing a lower SIR. Hence techniques for extending the dynamic range of the CQI report are considered in this document.

2. Techniques for TDD CQI Dynamic Range Extension

2.1 Use of a Gamma Parameter

For the FDD CQI scheme [3], a reference power adjustment parameter, (, is signalled to the UE. This is the difference that the UE should assume between the measured received power (the power of the P-CPICH for FDD) and the total received power that the UE should assume for the HS-PDSCHs. It has been suggested in [5] that parameter ( can be used to shift the range of the CQI report, such that a low or negative ( value would be used in good conditions and a high value in poor conditions. This forces the UE to consider not the conditions it is actually receiving, but rather a better or worse set of conditions.

A similar scheme could be applied to the TDD CQI scheme, where ( would represent the power adjustment between the HS-PDSCH power that the UE actually received, and that which the NodeB wishes it to consider. Where channel conditions were sufficiently good that several UEs were reporting that they could support uncoded 16-QAM transmissions, a negative value of ( could be used to force the UEs to consider a lower SIR, and hence possibly report a CQI that corresponds to coded transmissions.

Such a scheme would allow differentiation of UEs that would otherwise have reported their highest possible CQI value. The scheme has the following advantages  :

· It is similar to the scheme being used by FDD.

However, there are a number of significant disadvantages with such a scheme, which are as follows :

· There is no obvious mechanism for dynamically signalling the value of ( to the UE. Indeed, it is expected that this would have to be signalled to the UE via a RADIO BEARER SETUP command, in the same way as for FDD. Since this signalling has to go to the UE via the RNC, and must be acknowledged, it is unlikely that the NodeB will be able to change it sufficiently quickly in the event that two or more UEs are reporting that they can support uncoded 16-QAM transmissions.

· When the UE reports that it does require some coding for HS-DSCH transmissions (which will be the normal case), the ( parameter serves no purpose. Indeed, it will make the job of the NodeB harder, since it must undo whatever value of ( is being used by the UE to convert the CQI to a value appropriate for the transmit power that the NodeB is using to that UE. Since, as noted above, the ( parameter cannot be readily changed by the NodeB, it is more than likely that the incorrect value will be being used.

· The UE will be effectively forced to use CQI derivation techniques based on received SIR, since the actual received waveform will no longer be representative of the conditions that the NodeB wishes to be evaluated. Hence the CQI report itself may be more inaccurate.

Consequently, the use of the ( parameter to allow an extension of the dynamic range of the CQI report for TDD cannot be recommended.

2.2 Use of unused CQI values

The definition of the CQI [1,2] means that the UE cannot report CQIs that correspond to a code rate greater than unity (since the probability of a transport block error when the HS-DSCH is decoded in isolation would be unity). Since resource-independent transport block size values have been adopted for TDD [4], this means that the full range of available transport block sizes cannot be signalled for most resource allocations. Indeed, the only case where the full range can be used is if resources that would allow the maximum throughput for the UE class are being used.

It is proposed that these unused CQI values be used to extend the dynamic range of the CQI report. Each transport block size step above that which corresponded to uncoded transmissions (or as near as is allowed by the granularity of available transport block sizes) would represent a step of ( dB less receive power that the UE could tolerate whist still supporting uncoded transmissions, where ( is either signalled by the network, or fixed at some appropriate value. Note that the transport block size corresponding to no coding will be different depending on whether QPSK or 16-QAM is recommended by the UE.

An example would be as follows. A 2.0 Mb/s capability UE has received a HS-DSCH transmission consisting of 40 codes. The SIR is sufficiently high that it believes that an uncoded 16-QAM transmission could have been supported for that transmission and would have given the highest throughput. The UE would therefore normally report a RTBS index of 56 (corresponding to 6681 bits) and a RMF of 16-QAM, which actually corresponds to a code rate of 0.949. If instead, however, it reported a RTBS index of 57 (7098 bits), this would be interpreted by the NodeB as meaning that uncoded 16-QAM transmissions could be supported with a HS-DSCH power reduction of 0 dB. Similarly, a RTBS index of 58 would be interpreted as meaning uncoded 16-QAM transmissions could be supported with a power reduction of ( dB, a RTBS index of 59 corresponding to a reduction of 2( dB, and so on.

The advantages of this scheme are as follows :

· Where the UE is reporting a CQI that corresponds to a code rate other than the highest possible code rate, then the ( parameter does not need to be factored in by the NodeB. In the event that the NodeB wishes to continue using the current transmit power, it does not have to re-interpret the reported CQI. Any existing scheme for deriving the CQI is thus unaffected. Since this will be the normal case, this is a significant advantage over the scheme using the ( parameter, described above.

· If it is desired to power control the HS-DSCH, the reported tolerable power offset can be used directly for this, rather than the NodeB having to interpret the reported CQI for the signalled value of (.

· Most likely, a value for ( (e.g. 1 dB) can be specified rather than being signalled. Hence the NodeB would not have to determine what would be an appropriate value for the current channel conditions.

The disadvantages are as follows :

· Where the full throughput of the UE class is being utilised, then no spare RTBS values remain to allow power offsets to be signalled.

Consequently, this scheme is to be preferred.

3. Conclusions

The desire has been expressed offline to extend the dynamic range of the TDD CQI report in the event that uncoded 16-QAM transmissions can be supported. It is not considered that this will be a common requirement, but two schemes that achieve this end have been analysed. It is concluded that a scheme be preferred where unused RTBS values are used to signal the power offset that could be tolerated by the UE whilst still supporting uncoded transmissions. It is proposed to consider this technique as an extension for Release 6 after further discussion and evaluation.
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5
Overview of Technologies considered as Enhancement

5.1

Dynamic Range Extension for the TDD CQI Report
The principle of the TDD CQI scheme is that the UE reports the transport block size and modulation format that it believes would have maximised the throughput of the previous HS-DSCH transmission, if decoded in isolation. This report covers a small dynamic range compared to the 32dB that can be signaled in FDD. Since, under this definition, no UE can report a coding rate greater than unity with 16-QAM modulation, the current scheme does not distinguish between UEs experiencing very good quality (i.e. able to support uncoded transmissions using 16-QAM modulation) for the purposes of scheduling. Athough it is considered extremely unlikely that these conditions will arise very often in practice; however, when they do, clearly it will be of benefit to the NodeB to be able to determine at which UEs these conditions are likely to be maintained. It is expected that UEs experiencing a higher SIR will be more likely to continue experiencing an SIR capable of supporting uncoded 16-QAM transmissions than a UE experiencing a lower SIR. Hence techniques for extending the dynamic range of the CQI report are considered here.
6
Details of Technologies

6.1 Dynamic Range Extension for the TDD CQI Report
6.1.1 Features
6.1.1.1
Use of unused CQI values
UE cannot report CQIs that correspond to a code rate greater than unity (since the probability of a transport block error when the HS-DSCH is decoded in isolation would be unity). Since resource-independent transport block size values have been adopted for TDD, this means that the full range of available transport block sizes cannot be signalled for most resource allocations. Indeed, the only case where the full range can be used is if resources that would allow the maximum throughput for the UE class are being used.

It is proposed that these unused CQI values be used to extend the dynamic range of the CQI report. Each transport block size step above that which corresponded to uncoded transmissions (or as near as is allowed by the granularity of available transport block sizes) would represent a step of ( dB less receive power that the UE could tolerate whist still supporting uncoded transmissions, where ( is either signalled by the network, or fixed at some appropriate value. Note that the transport block size corresponding to no coding will be different depending on whether QPSK or 16-QAM is recommended by the UE.

6.1.2 Evaluation and Benefits
6.1.2.1
Example
As an example the following case can be considered:

A 2.0 Mb/s capability UE has received a HS-DSCH transmission consisting of 40 codes. The SIR is sufficiently high that it believes that an uncoded 16-QAM transmission could have been supported for that transmission and would have given the highest throughput. The UE would therefore normally report a RTBS index of 56 (corresponding to 6681 bits) and a RMF of 16-QAM, which actually corresponds to a code rate of 0.949. If instead, however, it reported a RTBS index of 57 (7098 bits), this would be interpreted by the NodeB as meaning that uncoded 16-QAM transmissions could be supported with a HS-DSCH power reduction of 0 dB. Similarly, a RTBS index of 58 would be interpreted as meaning uncoded 16-QAM transmissions could be supported with a power reduction of ( dB, a RTBS index of 59 corresponding to a reduction of 2( dB, and so on.
6.1.2.2
Advantages
The advantages of this scheme are as follows:
· Where the UE is reporting a CQI that corresponds to a code rate other than the highest possible code rate, then the ( parameter does not need to be factored in by the NodeB. In the event that the NodeB wishes to continue using the current transmit power, it does not have to re-interpret the reported CQI. Any existing scheme for deriving the CQI is thus unaffected. Since this will be the normal case, this is a significant advantage over a scheme using the equivalent FDD “(” parameter.

· If it is desired to power control the HS-DSCH, the reported tolerable power offset can be used directly for this, rather than the NodeB having to interpret the reported CQI for the signalled value of (.

· Most likely, a value for ( (e.g. 1 dB) can be specified rather than being signalled. Hence the NodeB would not have to determine what would be an appropriate value for the current channel conditions.

6.1.2.3
Disadvantages

The disadvantages are as follows:
· Where the full throughput of the UE class is being utilised, then no spare RTBS values remain to allow power offsets to be signalled.
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