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1. Introduction

In HSDPA, one of the challenges in the implementation of Adaptive Modulation and Coding (AMC) is selection of MCS levels, and different methods have been investigated. This contribution discusses drawbacks and possible enhancements of the methods.

2. Methods for selection of MCS levels
    As methods for selection of MCS levels, at least the following solutions have been investigated [1]:

(1) CPICH based method: UE estimates downlink channel quality (e.g. CPICH Ec/Nt) and reports it to Node-B, and Node-B selects a MCS level.
(2) DL DPCH based method: Node-B selects a MCS level based on downlink transmit power of associated DPCH.
    The following method can be also considered:

(3) CRC based method: Node-B selects a MCS level based on ACK/NACK signalling from UE. (For example, Node-B lowers the MCS level if NACK is received, and increases the MCS level if ACK is received successively for a certain number of TTI.)

It might be also possible for UE to select a MCS level based on estimation of downlink channel quality or ACK/NACK signalling. However, this method seems unsuitable for UTRAN to fully control the radio resource management.

3. Comparison of methods
    In CPICH based method, it is possible to select MCS levels based on the measurement results that are directly related to DL channel quality. However, measurement inaccuracy and reporting delay may decrease the throughput as described in TR25.848 (Section 6.2) [1]. In addition, optimization of thresholds to be used for the selection of MCS levels is another challenge due to the following reasons:

· Optimum MCS levels depend on Doppler frequency and multi-path conditions.

· There will be some performance differences among receivers of UE. The difference will be large if advanced technologies such as interference canceller and equalizer are introduced to some of the receivers.

    In DL DPCH based method, it is possible to change MCS levels instantaneously in response to the change of DL channel quality. However, optimisation of thresholds is a challenge as in CPICH based method. In addition, correction of MCS levels is needed because DL DPCH power is not directly related to the DL channel quality when UE is in soft handover regions.

    In ACK/NACK based method, it is possible to avoid drawbacks of the other methods. However, the delay to raise MCS levels may decrease the throughput because the same MCS level is maintained for a certain number of TTI.

Table 1 summarizes the advantages and drawbacks of the three methods. 

Table 1:  Summary of advantages and drawbacks

	Method
	Advantages
	Drawbacks

	CPICH based method
	· It is possible to select MCS levels based on the measurement results that are directly related to DL channel quality.
	· Measurement accuracy

· Reporting delay

· Optimisation of thresholds

	DL DPCH based method
	· It is possible to change MCS levels instantaneously in response to the change of DL channel quality.
	· Optimisation of thresholds

· Correction in SHO regions

	ACK/NACK based method
	· It is possible to avoid drawbacks of the other methods.
	· Delay to raise MCS levels


4. Possible enhancements
(a) Optimisation of thresholds

    In CPICH based method and DL DPCH based method, threshold adjustment may be a solution to improve the selection of MCS levels. For example, the following algorithm is considered as an example of threshold adjustment:

· If NACK is signaled, Node-B increases thresholds by S1 [dB].

· If ACK is signaled, Node-B decreases thresholds by S2 [dB].
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In the algorithm, the thresholds are adjusted in some constraints and, for example, the differences among thresholds may be fixed for simplicity. The ratio of S1 and S2 may be determined based on the target error rate. 
Figure 1: Threshold adjustment based on ACK/NACK 

(‘o’ denotes ACK, and ‘x’ denotes NACK.)
(b) Correction of MCS levels in SHO regions

In DL DPCH method, the correction of MCS levels in SHO regions might  not have a big impact on the throughput with maximum C/I scheduler and with FCS according to [2]. However, the drawback in SHO regions should be improved even when RR scheduler is used or even when FCS is not used. The solution to the drawback would allow making the most of the inherent ability to change MCS levels instantaneously in response to the change of DL channel quality.
In DL DPCH method, the correction of MCS levels in SHO regions is also possible with the algorithm described in (a) because the thresholds are adjusted in response to the relation of DL DPCH power and DL channel quality.

The following may be another solution in the example shown in Figure 2:

· The sum of DL DPCH power and an offset value is compared with thresholds.

· The offset value is equal to (PCPICH1 + PCPICH2 )/ PCPICH1.
where PCPICH1 and PCPICH2 denote CPICH RSCP. With this solution, it is possible to reduce the influence of SHO in the selection of MCS levels because the offset value is almost equal to the decrease of DL DPCH power due to the SHO between BS1 and BS2. 
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Figure 2: Calculation of offset values

5. Conclusion
In this contribution, CRC based method is described as a possible solution for the selection of MCS levels. It is also described a possible enhancements to other solutions such as CPICH based method and DL DPCH based method. It is proposed that mechanisms of AMC should be investigated considering the possible solutions with the possible enhancements.
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