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1. Introduction

64QAM modulation is currently used for HSPA downlink (HSDPA) systems as well as in many other wireless standards like, for example, LTE where 64QAM is the maximum modulation order in both UL and DL. From Release 7, the maximum modulation order of HSPA uplink (HSUPA) is 16QAM. A work item for enhancing the maximum uplink modulation format to 64QAM to further boost HSUPA performance, along with introduction of spatial multiplexing (MIMO) was approved in RAN#54 ‎[1].
The 64QAM modulation will allow to increase the maximum HSUPA FDD throughput in a single 5 MHz frequency channel up to 17.2 Mbps from the current 11.5 Mbps (with 16QAM). And in a combination with the dual-stream MIMO mode, the peak throughput can be further doubled to 34.5 Mbps.

It should be noted that for HSUPA systems, constellation modulations are formally defined in the specifications for 1D constellation. The modulated 1D constellation points can be further mapped to either I or Q components of the complex 2D constellation. Currently the BPSK and 4PAM 1D modulations are allowed for HSUPA that in the 2D case are referred to as QPSK and 16QAM. The 64QAM modulation for the 2D constellation corresponds to 8PAM modulation in the 1D case. Constellations having different modulation orders for I and Q branches are not possible because usage of 4PAM is limited by the specifications to mapping to I and Q branches simultaneously and the same is expected for 8PAM/64QAM.

This document makes a specification impact analysis of introducing 64QAM modulation for HSUPA physical layer specifications, and serves as a tool for a CR creation in a later stage of the work item.
2. Specifications Impact Analysis

This section provides an analysis of changes in the 3GPP 25.21x-series specifications that would be needed to introduce the 64QAM modulation for HSUPA. Changes were found to be necessary for TS 25.201 [2], TS 25.211 [3], TS 25.212 [4], and TS 25.213 [5]. TS25.214 ‎[6] is expected not to be impacted. The Release 7 CRs introducing 16QAM modulation for HSUPA to the 25.21x specifications are used as a reference in ensuring that all the necessary changes have been taken into account ‎[7].
2.1. TS 25.201 – Physical Layer – General Description

TS 25.201 is a general description of the WCDMA physical layer. Small changes will need to be made to Section 4.2.3 “Modulation and Spreading” to reflect that 64QAM is a supported modulation scheme for E-DCH.
2.2. TS 25.211 – Physical Channels and Mapping of Transport Channels onto Physical channels (FDD)
3GPP TS 25.211 “Physical channels and mapping of transport channels onto physical channels (FDD)” [3] describes general characteristics of physical channels and a mapping interface between transport and physical channels.

Changes will be needed in Section 5.2.1.3 to define new E-DPDCH slot formats using 64QAM.

The only code combination of 2xSF4+2xSF2 is assumed to be supported for 64QAM (since it is the only combination supported for 16QAM) and, hence, two new E-DPDCH slot formats for 64QAM with spreading factor (SF) equal to 4 and 64QAM with SF equal to 2 will need to be added.
2.3. TS 25.212 – Multiplexing and Channel Coding (FDD)

25.212 “Multiplexing and channel coding (FDD)” [4] describes physical layer processing from the stage the transport block arrives to the physical layer and to the stage when binary data is ready for mapping to QAM constellations. 

For 64QAM introduction in the HSUPA, changes were found necessary for Sections 4.8 and 4.10.

2.3.1. Section 4.2.14 – Multiplexing of different transport channels into one CCTrCH and mapping one CCTrCH onto physical channels

Section 4.2.14 rule 4) defines the limitation for using 4PAM modulation in the uplink and the rule should be extended with 64QAM.

2.3.2. Section 4.8 – Coding E-DCH

Section 4.8 specifies the coding procedure for the E-DCH channel.

Changes will be needed to Section 4.8.4.1 “Determination of SF, modulation scheme and number of PhCHs needed” to specify the rule for the 64QAM 2xSF2+2xSF4 modulation and coding format selection. An additional threshold may need to be introduced for switching between from 2xSF2+2xSF4 16QAM to 2xSF2+2xSF4 64QAM.

The E-DCH interleaving scheme in Section 4.8.6 will need to be extended to the 64QAM case to use three parallel interleavers in the case of 64QAM instead of two interleavers for 16QAM and a single interleaver for QPSK.
2.3.3. Section 4.10 – Coding for E-AGCH

Section 4.10 specifying coding for the E-AGCH channel will need to be extended to include a third table defining mapping of absolute grant values to a 5 bit index signaled by the E-AGCH channel. That table will be used for UEs supporting up to 64QAM modulation in addition to Table 16B and Table 16B.1 currently defined by the specification for QPSK-only and QPSK-16QAM UEs. The same design approach may be adopted that was used for defining Table 16B.1 from Table 16B. In this case several smallest entries of Table 16B.1 will have to be dropped and the same number of higher transmission grants will need to be added. The exact details of the required changes are FFS. Two higher grant levels were introduced to Table 16B.1 at the 16QAM extension over QPSK and the maximum grant was extended from 28.8 dB to 34.0 dB. Similar changes may be expected for 64QAM extension over 16QAM.

Selection of a particular table out the three available tables will be done by higher layer signaling as it is done now for the two tables Table 16B and Table 16B.1.

2.4. TS 25.213 – Spreading and Modulation (FDD)

Modifications will be necessary for Section 4.2 “Spreading”.

Changes will be required to Section 4.2.1 “Dedicated physical channels” to add a new table  (after Table 0A) defining a mapping rule for 8PAM modulation for real and imaginary branches of the signal constellations.

Then Subsection 4.2.1.3 “E-DPDCH/E-DPCCH” will require changes for Table 1B.0A defining quantization levels for βec/βc ratio to add higher βec/βc that would be needed to support 64QAM. Higher βec/βc ratios will be required to maintain the needed traffic-to-total-pilot (T2TP) ratio (e.g., -10 dB) at higher E-DPDCH power levels of 64QAM E-TFCs.
For E-DPDCH channel power setting, TS 25.213 defines two tables for specification of the mapping between the (E-DPDCH indices signaled by higher layers for reference E-TFCs and the corresponding Aed = βed/βc ratios. The two tables are for the cases of the E-TFC Index (E-TFCI) being below (Table 1B.1) and above (Table 1B.2A) the threshold E-TFCIec, boost set by higher layers. Table 1B.1 will likely not require modifications. But Table 1B.2A will need to be updated to include support for higher grant values. The table modification should be aligned with the new grant tables of TS 25.321 (Section 9.2.5) and TS 25.212 (Section 4.10). The limitation for no more than 32 entries of the table may follow from the requirement for the (E-DPDCH index to be signaled by 5 bits.

In addition, two tables 1B.2 and 1B.2B of TS 25.213 define quantization levels for the actual βed/βc ratios for the cases of E-TFCI being below or above the threshold E-TFCIec, boost respectively. In order to support higher E-DPDCH power for 64QAM, Table 1B.2B will need to be extended for support of higher grant values and be aligned with Table 1B.2A of TS 25.213 and also corresponding sections of TS 25.212 and TS 25.321 as discussed above.
3. Conclusion

This report considered introduction of the 64QAM modulation to the WCDMA HSUPA system from the specifications impact analysis point of view. Analysis of the specifications impact from introducing 64QAM was completed with the main changes identified to be as follows. It should be mentioned that the introduction of 64QAM to SIMO is very straight forward for the physical layer specifications, but only after the details of the UL MIMO have been decided, the impact of MIMO introduction and integration of MIMO and 64QAM can be assessed.
For 25.200 series of the specification, essential changes were found to be necessary for TS 25.212 and TS 25.213 with smaller changes also for TS 25.201 and TS 25.211. No change needs were identified for TS25.214. The changes to 25.212 should update the modulation and spreading code selection rule for E-DCH and include the 2xSF2+2xSF4 64QAM combination and then extend the E-DCH interleaving to the 64QAM case. Also the E-AGCH format specified in TS 25.212 will need to be updated to add a third set of the grants for E-TFCs up to 64QAM. The changes necessary for TS 25.213 are related to support of higher βec/βc and βed/βc ratios for higher E-DPDCH and E-DPCCH power levels needed for 64QAM E-TFCs.
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