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1. Introduction

The introduction of 64QAM in the WCDMA HSUPA system requires the corresponding modifications of the SF, modulation and number of PhCHs selection algorithm described in 3GPP TS 25.212 [1], section 4.8.4.1.
The legacy spreading factor, modulation scheme and number of PhCHs set includes 11 schemes: {N256, N128, N64, N32, N16, N8, N4, 2xN4, 2xN2, 2xN2+2xN4, 2xM2+2xM4}, where the index refers to the spreading factor. N refers to the BPSK modulation and M to the 4PAM modulation. The even numbers of BPSK channels correspond to QPSK and the even numbers of 4PAM correspond to 16-QAM. The scheme used for the current transmission is to be selected depending on the TBS according to the considered algorithm.

The introduction of 64QAM requires the extension of the spreading factor and modulation scheme set and the addition of the 12th scheme with the 64QAM modulation and the 2xSF2+2xSF4 code and physical channel structure.
2. 64QAM Switching Point Selection
The optimal switching point between a pair of modulations depends on the transmitter and receiver structure and the FEC coder and decoder algorithms performance. The optimization criterion is to provide maximum throughput in the same SNR point or, equivalently, to provide lower required SNR for the same throughput (TBS).
Link-level simulations in the AWGN channel have been performed to obtain BLER vs. SNR curves for a set of TBSs with a small step in TBS for both 16-QAM and 64-QAM modulations. A summary of the simulation assumptions is provided in Table 1.
Table 1. Simulation assumptions
	Parameter
	Value

	E-DCH TTI [ms]
	2

	Modulation
	16QAM, 64QAM 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	Inner loop power control
	Off

	Outer loop power control
	Off

	Propagation Channel
	AWGN


The simulation results are provided in Figure 1. In Figure 1 , two curves (one for 16QAM and one 64QAM) are highlighted demonstrating the switching point of the modulations. For TBSs corresponding to the curves to the left of the highlighted ones, the 16QAM modulation should be preferred, and to the right – the 64QAM modulation provides superior performance.

Therefore, the highlighted TBS 19906 is selected as an optimal modulation switching point. The corresponding optimal code rate switching point is from 0.864 (16QAM) to 0.576 (64QAM).
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Figure 1. BLER vs. SNR curves for 4PAM and 8PAM modulations for optimal switching point selection
3. Extended Spreading Factor and Modulation Scheme Selection Algorithm
The SF, modulation and number of PhCHs selection algorithm described in 3GPP TS 25.212, section 4.8.4.1 is proposed to be extended to support the 16-QAM-to-64-QAM switching. A new threshold PLmod_,switch, 2 = 0.3858 was introduced for optimal switching between 16-QAM and 64-QAM. The value of the parameter was selected according to the optimal switching point in terms of TBS.
The extended algorithm is formulated below (modifications relative to the existing procedure are highlighted).
The number of available bits per TTI of one E-DPDCH for all possible spreading factors and modulation schemes is denoted by N256, N128, N64, N32, N16, N8, N4, N2, M4 and M2  where the index refers to the spreading factor. N refers to BPSK modulation and M to 4PAM modulation, L to 8PAM modulation.
The possible number of bits available to the CCTrCH of E-DCH type on all PhCHs, Ne,data, then are {N256, N128, N64, N32, N16, N8, N4,  2(N4, 2(N2, 2(N2+2(N4, 2(M2+2(M4, 2(L2+2(L4 }.

SET0 denotes the set of Ne,data values allowed by the UTRAN and supported by the UE, as part of the UE’s capability. SET0 can be a subset of {N256, N128, N64, N32, N16, N8, N4, 2(N4, 2(N2, 2(N2+2(N4, 2(M2+2(M4, 2(L2+2(L4 }.

The total number of bits in a TTI before rate matching with transport format j is Ne,j. The total number of bits available for the E‑DCH transmission per TTI with transport format j, Ne,data,j, is determined by executing the following algorithm, where PLnon-max is signalled from higher layers, PLmod_,switch is equal to 0.468, PLmod_,switch2 is equal to 0.3858  and PLmax is equal to 0.44 , except when the Ne,data = 2(N2+2(N4 or 2(M2+2(M4 or 2(L2+2(L4 is allowed by the UTRAN and supported by the UE, in which case PLmax is equal to 0.33:

SET1 = { Ne,data in SET0 such that Ne,data – Ne,j is non negative }

If SET1 is not empty and the smallest element of SET1 requires just one E-DPDCH then

Ne,data,j = min SET1

Else

SET2 = { Ne,data in SET0 without 2(N2+2(N4, 2(M2+2(M4 and 2(L2+2(L4 such that Ne,data – PLnon-max × Ne,j is non negative }

If SET2 is not empty then

Sort SET2 in ascending order

Ne,data = min SET2

While Ne,data is not the max of SET2 and the follower of Ne,data requires only one E-DPDCH do

Ne,data = follower of Ne,data in SET2

End while

If Ne,data is equal to 2(M2+2(M4 and Ne,data / Ne,j ( PLmod_switch
Ne,data = 2(N2+2(N4

End if
If Ne,data is equal to 2(N2+2(N4 and Ne,data / Ne,j < PLmod_switch
Ne,data = max SET0
End if
Ne,data,j = Ne,data
Else

Ne,data  = 2(N2+2(N4

If Ne,data / Ne,j < PLmod_switch
Ne,data = 2(M2+2(M4
End if
If Ne,data is equal to 2(M2+2(M4 and Ne,data / Ne,j < PLmod_switch2
Ne,data = 2(L2+2(L4

End if
If Ne,data,j - PLmax × Ne,j is non negative

Ne,data,j = Ne,data
End if

Ne,data,j = max SET0 provided that Ne,data,j - PLmax × Ne,j is non negative
End if

End if

The extended algorithm was verified by simulations to perform the same switching for the schemes other than 2xSF2+2xSF4 and the modulation switching within 2xSF2+2xSF4 by the optimal thresholds (QPSK/16-QAM switching point was inherited from the existing algorithm).
The verification was performed for different PLnon-max values since according the specifications this parameter can take an arbitrary value in the predefined range. A plot showing the scheme index as a function of TBS and PLnon-max is provided in Figure 2.
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Figure 2. Illustration of the SF, modulation and number of PhCHs selection algorithm operation for different PLnon-max values.
4. Conclusion

In this paper, the optimal switching point in the code rate between 16QAM and 64QAM modulations was proposed based on the simulation results. Then an extension of the SF, modulation scheme and number of PhCHs selection algorithm was suggested to include the new 2xSF2+2xSF4 scheme with the 64QAM modulation.
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