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1. Introduction
In the recently concluded RAN Plenary (RAN #34, Budapest, Hungary, 28 Nov – Dec 1, 2006)[1,2], work items for inclusion of 16-QAM in uplink were approved. In this contribution, we propose an approach to including 16QAM in HSUPA with minimal changes in the current E-DPCCH channel.  We list the necessary changes to 25.212 and 25.321 in order to facilitate 16QAM inclusion, and also explain in detail the rationale and advantage of the proposed approach.  The key advantages of the proposed approach include:

1. The modulation information is implicitly indicated by the existing E-TFCI, and thus there is no need for significantly modified E-DPCCH signalling.
2. Backward compatibility – there is no impact to legacy UE’s.  In addition, the Node-B does not need to change the decoding module of the E-DPCCH. 
The key ideas behind the proposed approach include:
1. The QPSK and 16QAM share the same modified TBS table, which is still indexed by the existing 6bit E-TFCI. 

2. For each TBS size, only one modulation format is allowed. This allows the 6-bit E-TFCI to indicate not only the TBS size, but also the modulation format.
3. For a particular TBS size where both QPSK and 16QAM is possible, an algorithm is used to select the optimal modulation format. The optimal switching point in this algorithm is obtained from link-level simulations [3].
2. Changes to 25.212

>>>>>>>>>>>>>>>>> START OF TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
4.8.4.1
Determination of SF and number of PhCHs needed and modulation format

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

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

4.8.4.1.1. UEs without 16QAM capability or with16QAM not activated
If the UE is not 16QAM capable, or if 16QAM transmission is not activated by higher layers, the number of available bits per TTI of one E-DPDCH for all possible spreading factors is denoted by N256, N128, N64, N32, N16, N8, N4 and N2, where the index refers to the spreading factor.

>>>>>>>>>>>>>>>>> END OF TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
>>>>>>>>>>>>>>>>> START OF TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
4.8.4.1.2. UEs with 16QAM capability and 16QAM  activated

If the UE is 16QAM capable, and 16QAM transmission is activated by higher layers, the number of available bits per TTI of one E-DPDCH for all possible spreading factors is denoted by N256, N128, N64, N32, N16, N8, N4 and N2, M4 and M2, where the indices (M and N) refer to the spreading factor, N refers to QPSK and M refers to 16QAM.

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(M4+2(M2}.

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(M4+2(M2}.

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 and PLmax is equal to 0.44 , except when the Ne,data = 2(N2+2(N4  or Ne,data =2(M4+2(M2 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==2(N2+2(N4  and  Ne,data/ Ne,j< PL1

Ne,data=2(M4 +2(M2
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 

PL1 determines the switching point between 2(N2+2(N4  and 2(M4+2(M2 . PL1 is equal to 0.47. While E‑DCH TTI length is 10 ms, if an initial transmission occurs in a compressed frame, or a retransmission occurs in a compressed frame, or a retransmission occurs in a non‑compressed frame for which initial transmission was compressed, the number of available bits per TTI of one E‑DPDCH for all possible spreading factors denoted by N256, N128, N64, N32, N16, N8, N4, N2 ,  M4 and M2   used in the algorithm above is replaced by k×N256, k×N128, k×N64, k× N32, k× N16, k× N8, k×N4 , k×N2 , k×M4 and k×M2  . The parameter k is equal to ntx1/15 and ntx1 is defined in 4.4.5.1.
>>>>>>>>>>>>>>>>> END OF TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
2.1. Further Discussion
1.  The algorithm above effectively results in a unique modulation format for a given TBS size (which is indicated by E-TFCI).  Therefore, the E-TFCI also implicitly indicates the modulation format of this particular transmission, and no additional control signal is needed to indicate modulation format.  Note hat   the mapping between the E-TFCI and TBS size is given in 9.2.5.4 of 25.321.
2.  The determination of PL1. From simulation results in [4], the optimal switching point from 2(N2+2(N4 to 2(M4+2(M2 is when the data rate is 4096 kbps, or equivalently at a code rate of  0.71 for the 2(N2+2(N4 format. Now, assuming a 1/3 mother code rate and knowing that the codeword length is Ne,j, we know that the payload information size is Ne,j/3. Therefore, the codeword length after puncturing is Ne,data,sw= (Ne,j/3)/(0.711) at the optimal switching point. Consequently, the PL1 value is:

PL1=Ne,data,sw/ Ne,j=(Ne,j/3)/(0.711)/( Ne,j ) = 0.47. 
3. Changes to 25.321
>>>>>>>>>>>>>>>>> START OF TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
9.2.5.4
Transport block size

9.2.5.4.1  UEs without 16QAM capability or with16QAM not activated

If the UE is not 16QAM capable, or if 16QAM transmission is activated by higher layers, RRC can configure the MAC-e to use one of two Transport block size sets for each TTI duration. The normative description of the mapping between the E-TFC index and the corresponding transport block size is provided in Annex B:

-
If the UE is configured with E-TFCI table 0 (see [7]) and 2ms TTI, it shall use the mapping defined in Annex B.1.1
-
If the UE is configured with E-TFCI table 1 (see [7]) and 2ms TTI, it shall use the mapping defined in Annex B.2.1
-
If the UE is configured with E-TFCI table 0 (see [7]) and 10ms TTI, it shall use the mapping defined in Annex B.3.1
-
If the UE is configured with E-TFCI table 1 (see [7]) and 10ms TTI, it shall use the mapping defined in Annex B.4.1
The mapping in Transport block size table 0 for 2ms TTI (see table in Annex B.1.1) can also be obtained using the formula below.

Let k be the chosen E-TFC index, then the corresponding E-DCH transport block size Lk is given by the following formula (informative):
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The mapping in Transport block size table 0 for 10ms TTI (see table in Annex B.3.1) can also be obtained using the formula below.

Let k be the chosen E-TFC index, then the corresponding E-DCH transport block size Lk is given by the following formula (informative):
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9.2.5.4.2 UEs with 16QAM capability and 16QAM activated

If the UE is 16QAM capable, and 16QAM transmission is activated by higher layers, RRC can configure the MAC-e to use one of two Transport block size sets for each TTI duration. The normative description of the mapping between the E-TFC index and the corresponding transport block size is provided in Annex B:

-
If the UE is configured with E-TFCI table 0 (see [7]) and 2ms TTI, it shall use the mapping defined in Annex B.1.2

-
If the UE is configured with E-TFCI table 0 (see [7]) and 10ms TTI, it shall use the mapping defined in Annex B.3.2


The mapping in Transport block size table 0 for 2ms TTI (see table in Annex B.1.2) can also be obtained using the formula below.

Let k be the chosen E-TFC index, then the corresponding E-DCH transport block size Lk is given by the following formula (informative):
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The mapping in Transport block size table 0 for 10ms TTI (see table in Annex B.3.2) can also be obtained using the formula below.

Let k be the chosen E-TFC index, then the corresponding E-DCH transport block size Lk is given by the following formula (informative):
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>>>>>>>>>>>>>>>>> END OF TEXT CHANGE <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

Note that the normative tables Annex B.1.2 and B.3.2 can be generated from these above formulae.
4. Conclusion

In this contribution, we discuss an approach to indicate the modulation format without any additional control bit for 16QAM inclusion for HSUPA.  The key advantages of the proposed approach include:

1. The modulation information is implicitly indicated by the existing E-TFCI, and thus there is no need for significantly modified E-DPCCH signalling.

2. Backward compatibility – there is no impact to legacy UE’s.  In addition, the Node-B does not need to change the decoding module of the E-DPCCH. 
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