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Discussion
1.
Introduction

RAN1 agreed in January meeting #47bis that the 16QAM modulation would only be used with UL E-DPDCH code combination equivalent to 2xSF2 and 2xSF4, and further agreed that the data rates of 4096 kbps and above would use 16QAM modulation and data rates below 4096 kbps would always use BPSK modulation. This corresponds to the puncturing limit of 0.468 to be used as the modulation switching point when 2xSF2+2xSF4 code configuration is used.
The algorithm for modulation selection was introduced to the 06/2007 version of TS25.212 but the algorithm does not behave as agreed under all conditions. In this document the problem in the algorithm is explained and a solution proposal outlined. A CR with the solution is available in [1].

2.
Problem description

The problem points of the algorithm in TS25.212 are highlighted below
4.8.4.1
Determination of SF, modulation scheme and number of PhCHs needed

The maximum amount of puncturing that can be applied is
· 1-PLnon-max if the modulation scheme or the number of code channels is less than the maximum allowed by the UE capability and restrictions imposed by UTRAN.

· 1-PLmax if the modulation scheme and the number of code channels equals to the maximum allowed by the UE capability and restrictions imposed by UTRAN.

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 and N2, M4 and M2  where the index refers to the spreading factor. N refers to BPSK modulation and M to 4PAM 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}.

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}.
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;  and PLmax is equal to 0.44 , except when the Ne,data = 2(N2+2(N4 or 2(M2+2(M4 is allowed by the UTRAN and supported by the UE, in which case PLmax is equal to 0.33:
//
The SET0 contains 16QAM, 2(M2+2(M4, only if the UE supports 16QAM and the UTRAN allows it to be used. The PLnmod,switch = 0.468 selects 16QAM for data rates of 4096 kbps or above.

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 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
//
The SET2 is defined using PLnon-max, which excludes the 2xSF2+2xSF4 BPSK if required data rate need more puncturing than PLnon-max allows. If PLnon-max > 0.468 then 16QAM gets selected already for data rates below 4096 kbps by the while loop. The loop works correctly only if PLnon-max = 0.468.
If Ne,data == 2(N2+2(N4 and Ne,data / Ne,j < PLmod_switch
Ne,data = 2(M2+2(M4
//
The above selects 16QAM even if it did not belong to SET0.
End if
Ne,data,j = Ne,data
Else

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

End if

End if 

3.
Solution proposal

4.8.4.1
Determination of SF, modulation scheme and number of PhCHs needed

The maximum amount of puncturing that can be applied is
· 1-PLnon-max if the modulation scheme or the number of code channels is less than the maximum allowed by the UE capability and restrictions imposed by UTRAN.

· 1-PLmax if the modulation scheme and the number of code channels equals to the maximum allowed by the UE capability and restrictions imposed by UTRAN.

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 and N2, M4 and M2  where the index refers to the spreading factor. N refers to BPSK modulation and M to 4PAM 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}.

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}.

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;  and PLmax is equal to 0.44 , except when the Ne,data = 2(N2+2(N4 or 2(M2+2(M4 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 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
//
The addition above checks if the puncturing required does not meet the need to use 16QAM but 16QAM was anyway selected by the while loop. This branch will be effective when PLnon-max > 0.468.
If Ne,data is equal to 2(N2+2(N4 and Ne,data / Ne,j < PLmod_switch
Ne,data = max SET0
//
The change above checks if puncturing required meets the need to use 16QAM but QPSK was anyway selected by the while loop. This branch will be effective when PLnon-max < 0.468.
End if
Ne,data,j = Ne,data
Else

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

End if

End if 

4.
Conclusion
The problem in the 16QAM modulation selection algorithm was presented for the case when PLnon-max is not equal to PLnmod,switch, or when 16QAM was not allowed to be selected at all. A modification to the modulation selection algorithm was proposed. The proposal can be found in a CR in [1].
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