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1. Introduction
In the recent concluded RAN Plenary (RAN #34, Budapest, Hungary, 28 Nov – Dec 1, 2006)[1], a work items to include 64QAM in HSDPA was approved. In this contribution, in order to facilitate the discussion and progress the topic quickly, we provide our view on some of the important necessary changes to the core specifications – 25.211, 25.213, 25.214, 25.306, etc. 
The text extracted from the specifications is indicated in italics with black colour, and the modifications to the Release-6 specifications are indicated with blue colour.  
2. Necessary Changes in the Specifications for 64QAM Inclusion
2.1. Changes to 25.211
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
5.3.1.1
Open loop transmit diversity

5.3.1.1.1
Space time block coding based transmit antenna diversity (STTD)

…

For 16QAM, STTD operates on blocks of 8 consecutive symbols b0, b1, b2, b3, b4, b5, b6, b7 as shown in figure 8A below.
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Figure 8A: Generic block diagram of the STTD encoder for 16QAM

For 64QAM, STTD operates on blocks of 12 consecutive symbols b0, b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11 as shown in figure 8A below.
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Figure 8B: Generic block diagram of the STTD encoder for 64QAM

>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<<<
The above text change defines the STTD encoder for 64QAM. The STTD encoder for 64QAM can be defined, assuming the constellation given in Section 6.1, in the following manner – 

Antenna 1 – 
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The place-holder shown in the above text change must be replaced with a block diagram for this encoder.
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<EQ \x \to(P)   

  

5.3.3.13
High Speed Physical Downlink Shared Channel (HS-PDSCH)

…

An HS-PDSCH may use QPSK, 16QAM or 64QAM modulation symbols. In figure 26B, M is the number of bits per modulation symbols i.e. M=2 for QPSK, M=4 for 16QAM and M=6 for 64QAM. The slot formats are shown in table 26.

Table 26: HS-DSCH fields

	Slot format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ HS-DSCH subframe
	Bits/ Slot
	Ndata

	0(QPSK)
	480
	240
	16
	960
	320
	320

	1(16QAM)
	960
	240
	16
	1920
	640
	640

	2(64QAM)
	1440
	240
	16
	2880
	960
	960


All relevant Layer 1 information is transmitted in the associated HS-SCCH i.e. the HS-PDSCH does not carry any Layer 1 information. 
>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
In the above text change, a new slot format has been defined with 64QAM modulation.

2.2. Changes to 25.212
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<

4.5.4.3
HARQ Second Rate Matching Stage

HARQ second stage rate matching for the HS-DSCH transport channel shall be done with the general method described in 4.2.7.5 above with the following specific parameters. Bits selected for puncturing which appear as ( in the algorithm in 4.2.7.5 above shall be discarded and are not counted in the streams towards the bit collection.
The parameters of the second rate matching stage depend on the value of the RV parameters s and r. The parameter s can take the value 0 or 1 to distinguish between transmissions that prioritise systematic bits (s = 1) and non systematic bits (s = 0). The parameter r (range 0 to rmax-1) changes the initial error variable eini in the case of puncturing. In case of repetition both parameters r and s change the initial error variable eini. The parameters Xi, eplus and eminus are calculated as per table 10 below.

…

Note that rmax varies depending on the modulation mode, i.e. for 16QAM and 64QAM rmax = 2 and for QPSK rmax = 4.

>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
In the above text change, rmax for 64QAM has been set to 2. This will enable 64QAM to be used in both Chase Combining mode and Incremental Redundancy mode as is the case with 16QAM.
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
4.5.4.4
HARQ bit collection

The HARQ bit collection is achieved using a rectangular interleaver of size
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where Ndata is used as defined in 4.5.4.3.

Data is written into the interleaver column by column, and read out of the interleaver column by column starting from the first column.

Nt,sys is the number of transmitted systematic bits. Intermediate values Nr and Nc are calculated using:
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If Nc=0 and Nr > 0, the systematic bits are written into rows 1…Nr.
Otherwise systematic bits are written into rows 1…Nr+1in the first Nc columns and, if Nr > 0, also into rows 1…Nr in the remaining Ncol-Nc columns.

The remaining space is filled with parity bits. The parity bits are written column wise into the remaining rows of the respective columns. Parity 1 and 2 bits are written in alternating order, starting with a parity 2 bit in the first available column with the lowest index number.

In the case of 16QAM for each column the bits are read out of the interleaver in the order row 1, row 2, row 3, and row 4. In the case of QPSK for each column the bits are read out of the interleaver in the order row1, row2. In the case of 64QAM for each column the bits are read out of the interleaver in the order row 1, row 2, row 3, row 4, row 5 and row 6.

>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
The changes shown in the above text change follow from an obvious extension of the HARQ bit-collection algorithm to 64QAM.

>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
4.5.6
Interleaving for HS-DSCH

The interleaving for FDD is done as shown in figure 18 below, separately for each physical channel. The bits input to the block interleaver are denoted by 
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, where p is PhCH number and U is the number of bits in one TTI for one PhCH. For QPSK U = 960 and for 16QAM U = 1920. The basic interleaver is as the 2nd interleaver described in Section 4.2.11. The interleaver is of fixed size: R2=32 rows and C2=30 columns.

PLACE HOLDER FOR INTERLEAVER STRUCTUREINCLUDING 64QAM

Figure 18: Interleaver structure for HS-DSCH

For 16QAM, there are two identical interleavers of the same fixed size R2×C2 = 32×30. The output bits from the physical channel segmentation are divided two by two between the interleavers: bits up,k and up,k+1 go to the first interleaver and bits up,k+2 and up,k+3 go to the second interleaver. Bits are collected two by two from the interleavers: bits vp,k and vp,k+1are obtained from the first interleaver and bits vp,k+2 and vp,k+3 are obtained from the second interleaver, where k mod 4=1.

For 64QAM, there are three identical interleavers of the same fixed size R2×C2 = 32×30. The output bits from the physical channel segmentation are divided two by three between the interleavers: bits up,k and up,k+1 go to the first interleaver, bits up,k+2 and up,k+3 go to the second interleaver and bits up,k+4 and up,k+5 go to the third interleaver. Bits are collected two by two from the interleavers: bits vp,k and vp,k+1 are obtained from the first interleaver, bits vp,k+2 and vp,k+3 are obtained from the second interleaver and bits vp,k+4 and vp,k+5 are obtained from the third interleaver, where k mod 6=1.

>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
The channel interleaver is be extended to 64QAM using an additional 32x30 interleaver for the additional 2 bits per symbol. 
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
4.5.7
Constellation re-arrangement for 16 QAM and 64QAM 
This function only applies to 16 QAM and 64QAM modulated bits. In case of QPSK it is transparent.

The following tables describe the operations that produce the different rearrangements.

In table 11 (16QAM constellation), the bits of the input sequence are mapped in groups of 4 so that vp,k, vp,k+1, vp,k+2, vp,k+3 are used, where k mod 4 = 1.

Table 11: Constellation re-arrangement for 16 QAM

	constellation version parameter b
	Output bit sequence 
	Operation

	0
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	None 

	1
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	Swapping MSBs with LSBs
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	Inversion of the logical values of LSBs
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	Swapping MSBs with LSBs and inversion of logical values of LSBs


In table ab (64QAM constellation), the bits of the input sequence are mapped in groups of 6 so that vp,k, vp,k+1, vp,k+2, vp,k+3, , vp,k+4, , vp,k+5  are used, where k mod 6 = 1.

Table ab: Constellation re-arrangement for 64 QAM

	constellation version parameter b
	Output bit sequence 
	Operation

	0
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	None

	1
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	Swapping MSBs and LSBs. Inversion of Middle SBs

	2
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	Left circular shift of pair of SBs. Inversion of Middle SBs

	3
	
[image: image20.wmf],,1,2,3,4,5

pkpkpkpkpkpk

vvvvvv

+++++


	Inversion of Middle SBs


>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
The number of possible constellation re-arrangements b has been restricted to 4 for 64QAM – even though many more re-arrangements are possible – due to signaling limitations. The constellation re-arrangement table shown in the above text change was chosen based on simulations shown in Appendix - A.
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
4.6.2.1
Redundancy and constellation version coding

The redundancy version (RV) parameters r, s and constellation version parameter b are coded jointly to produce the value Xrv. Xrv is alternatively represented as the sequence xrv,1, xrv,2, xrv,3 where xrv,1 is the MSB. This is done according to the following tables according to the modulation mode used:

Table 12: RV coding for 16 QAM and 64QAM
	Xrv (value)
	s
	r
	b

	0
	1
	0
	0

	1
	0
	0
	0

	2
	1
	1
	1

	3
	0
	1
	1

	4
	1
	0
	1

	5
	1
	0
	2

	6
	1
	0
	3

	7
	1
	1
	0


Table 13: RV coding for QPSK

	Xrv (value)
	S
	r

	0
	1
	0

	1
	0
	0

	2
	1
	1

	3
	0
	1

	4
	1
	2

	5
	0
	2

	6
	1
	3

	7
	0
	3


>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
The RV coding for 64QAM has been kept the same as that of 16QAM so that both Chase Combining and IR RVs are given coverage similar to that of 16QAM.
In addition to the changes mentioned above, additional changes related to HS-SCCH signaling to support the introduction of 64QAM in HSDPA are described. These can be achieved by a) extending the Part 1 payload, or b) re-interpreting the TBS field in the HS-SCCH. Options for this aspect are discussed in a detailed manner in a related document [2].
2.3. Changes to 25.213

>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
5.1.1.2
16QAM

Table 3B: 16 QAM modulation mapping

	i1q1i2q2
	I branch
	Q branch

	0000
	0.4472
	0.4472

	0001
	0.4472
	1.3416

	0010
	1.3416
	0.4472

	0011
	1.3416
	1.3416

	0100
	0.4472
	-0.4472

	0101
	0.4472
	-1.3416

	0110
	1.3416
	-0.4472

	0111
	1.3416
	-1.3416

	1000
	-0.4472
	0.4472

	1001
	-0.4472
	1.3416

	1010
	-1.3416
	0.4472

	1011
	-1.3416
	1.3416

	1100
	-0.4472
	-0.4472

	1101
	-0.4472
	-1.3416

	1110
	-1.3416
	-0.4472

	1111
	-1.3416
	-1.3416


5.1.1.3. 64QAM 

Table 3C: 64 QAM modulation mapping

	i1q1i2q2i3q3
	I branch
	Q branch

	000000
	0.6547
	0.6547

	000001
	0.6547
	0.2182

	000010
	0.2182
	0.6547

	000011
	0.2182
	0.2182

	000100
	0.6547
	1.0911

	000101
	0.6547
	1.5275

	000110
	0.2182
	1.0911

	000111
	0.2182
	1.5275

	001000
	1.0911
	0.6547

	001001
	1.0911
	0.2182

	001010
	1.5275
	0.6547

	001011
	1.5275
	0.2182

	001100
	1.0911
	1.0911

	001101
	1.0911
	1.5275

	001110
	1.5275
	1.0911

	001111
	1.5275
	1.5275

	010000
	0.6547
	-0.6547

	010001
	0.6547
	-0.2182

	010010
	0.2182
	-0.6547

	010011
	0.2182
	-0.2182

	010100
	0.6547
	-1.0911

	010101
	0.6547
	-1.5275

	010110
	0.2182
	-1.0911

	010111
	0.2182
	-1.5275

	011000
	1.0911
	-0.6547

	011001
	1.0911
	-0.2182

	011010
	1.5275
	-0.6547

	011011
	1.5275
	-0.2182

	011100
	1.0911
	-1.0911

	011101
	1.0911
	-1.5275

	011110
	1.5275
	-1.0911

	011111
	1.5275
	-1.5275

	100000
	-0.6547
	0.6547

	100001
	-0.6547
	0.2182

	100010
	-0.2182
	0.6547

	100011
	-0.2182
	0.2182

	100100
	-0.6547
	1.0911

	100101
	-0.6547
	1.5275

	100110
	-0.2182
	1.0911

	100111
	-0.2182
	1.5275

	101000
	-1.0911
	0.6547

	101001
	-1.0911
	0.2182

	101010
	-1.5275
	0.6547

	101011
	-1.5275
	0.2182

	101100
	-1.0911
	1.0911

	101101
	-1.0911
	1.5275

	101110
	-1.5275
	1.0911

	101111
	-1.5275
	1.5275

	110000
	-0.6547
	-0.6547

	110001
	-0.6547
	-0.2182

	110010
	-0.2182
	-0.6547

	110011
	-0.6547
	-0.6547

	110100
	-0.6547
	-1.0911

	110101
	-0.6547
	-1.5275

	110110
	-0.2182
	-1.0911

	110111
	-0.2182
	-1.5275

	111000
	-1.0911
	-0.6547

	111001
	-1.0911
	-0.2182

	111010
	-1.5275
	-0.6547

	111011
	-1.5275
	-0.2182

	111100
	-1.0911
	-1.0911

	111101
	-1.0911
	-1.5275

	111110
	-1.5275
	-1.0911

	111111
	-1.5275
	-1.5275


>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
The table for 64QAM constellation using the bit sequence to symbol mapping shown in Figure 1 below. 

[image: image21.emf]
Figure 1 – 64QAM Constellation

2.4. Changes to 25.214

>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
Table 7D: CQI mapping table for UE category 10.
	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment (
	NIR
	XRV

	0
	N/A
	Out of range

	1
	137
	1
	QPSK
	0
	28800
	0

	2
	173
	1
	QPSK
	0
	
	

	3
	233
	1
	QPSK
	0
	
	

	4
	317
	1
	QPSK
	0
	
	

	5
	377
	1
	QPSK
	0
	
	

	6
	461
	1
	QPSK
	0
	
	

	7
	650
	2
	QPSK
	0
	
	

	8
	792
	2
	QPSK
	0
	
	

	9
	931
	2
	QPSK
	0
	
	

	10
	1262
	3
	QPSK
	0
	
	

	11
	1483
	3
	QPSK
	0
	
	

	12
	1742
	3
	QPSK
	0
	
	

	13
	2279
	4
	QPSK
	0
	
	

	14
	2583
	4
	QPSK
	0
	
	

	15
	3319
	5
	QPSK
	0
	
	

	16
	3565
	5
	16-QAM
	0
	
	

	17
	4189
	5
	16-QAM
	0
	
	

	18
	4664
	5
	16-QAM
	0
	
	

	19
	5287
	5
	16-QAM
	0
	
	

	20
	5887
	5
	16-QAM
	0
	
	

	21
	6554
	5
	16-QAM
	0
	
	

	22
	7168
	5
	16-QAM
	0
	
	

	23
	9719
	7
	16-QAM
	0
	
	

	24
	11418
	8
	16-QAM
	0
	
	

	25
	14411
	10
	16-QAM
	0
	
	

	26
	17237
	12
	16-QAM
	0
	
	

	27
	21754
	15
	16-QAM
	0
	
	

	28
	23370
	15
	16-QAM
	0
	
	

	29
	24222
	15
	16-QAM
	0
	
	

	30
	25558
	15
	16-QAM
	0
	
	


Table 7F: CQI mapping table for UE category 13

.

PLACE HOLDER FOR UE Category 13 CQI Table

Table 7G: CQI mapping table for UE category 14.

PLACE HOLDER FOR UE Category 14 CQI Table
>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<
The CQI tables of UE categories 9 and 10 can be used for the new UE categories 13 &14 respectively. With the addition of 64QAM to the set of modulations, the range of SNRs represented by the CQI report might have to be increased
. The SNR range extension can be achieved through simple modifications of the CQI tables of the existing UE categories 9 and 10 and without increasing the number of feedback bits, by increasing the granularity of CQI Report in the high SNR region (for example, to 2dB). There are two possible ways of accomplishing this – 

1. The TBSs are chosen to satisfy the pre-defined SNR granularity

2. The TBSs are chosen to satisfy 1dB granularity. Then, appropriate values for reference power adjustments can be chosen such that the pre-defined SNR granularity is satisfied.
2.5. Changes to 25.306
>>>>>>>>>> BEGIN TEXT CHANGE <<<<<<<<<<<<<<<
Table 5.1a: FDD HS-DSCH physical layer categories
	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
	Total number of soft channel bits


	Category 1
	5
	3
	7298
	19200

	Category 2 
	5
	3
	7298
	28800

	Category 3
	5
	2
	7298
	28800

	Category 4
	5
	2
	7298
	38400

	Category 5 
	5
	1
	7298
	57600

	Category 6
	5
	1
	7298
	67200

	Category 7
	10
	1
	14411
	115200

	Category 8
	10
	1
	14411
	134400

	Category 9
	15
	1
	20251
	172800

	Category 10
	15
	1
	27952
	172800

	Category 11
	5
	2
	3630
	14400

	Category 12
	5
	1
	3630
	28800

	Category 13
	15
	1
	30570
	259200

	Category 14
	15
	1
	42196
	259200



UEs of Categories 11 and 12 support QPSK only.
UEs of Categories 1 to 10 support QPSK and 16QAM only. 
>>>>>>>>>> END TEXT CHANGE <<<<<<<<<<<<<<<

Two new categories - 13 and 14 - have been added. The parameters for these new categories were derived based on the general principles that were used to arrive at the original categories. 
3. Changes to 25.321

The required changes to this specification are given in a companion document [2] which describes changes to transport block size signaling based on an algorithm that does not require additional signaling bits. 
4. References

[1] RP-060846, “Proposed WID for 64QAM for HSDPA”, Ericsson, Nokia, Qualcomm Europe, 3, TeliaSonera, Nortel, Cingular, Lucent, Telefónica, O2, KPN, SFR, Vodafone Alcatel, NTT DoCoMo, Siemens, T-Mobile, RAN #34, Nov 2006,  Hungary
[2] R1-070024, “64QAM in HSDPA – Modulation Format Indication”, RAN1#47 BIS, 15-19 January 2007, Sorrento, Italy.
5. Appendix – A

The possible 64QAM constellation re-arrangements are shown in Table 1 below.
	CoRe Index
	CoRe

	0
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Table 1 – Possible Constellation Re-arrangements with 64QAM

A subset of 4 constellation re-arrangements (CoRe’s) must be chosen from the set of possible CoRe’s (assuming a 2 bit CoRe parameter b is used for 64QAM). Figure 2, Figure 3 and Figure 4 below show successive optimization of CoRe choice for the second, third and fourth transmissions respectively. The simulation parameters are shown in Table 2. Based on the simulation parameters, we propose that the CoRe’s with CoRe indices 0, 18, 14 and 2 must be used – as indicated in the text proposal in this document.
[image: image46.emf]Parameter Value

Decoder Max Log MAP

Number of Turbo Decoding Iterations 8

Channel AWGN

Transport block size (TBS) 2568

Physical resource size 3456

CRC length 24

Modulation 64-QAM

Code Rate 0.75


Table 2 – Simulation Parameters.
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Figure 2 – Second Transmission Optimization
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Figure 3 – Third Transmission Optimization
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Figure 4 – Fourth Transmission Optimization

















































































































































































































































































































































































































































































� The maximum sum of per-code symbol SNR supported by existing CQI tables is around 27dB. This might require extension to 30dB.  






_1230361536.unknown

_1230361763.unknown

_1230390597.unknown

_1230455058.vsd

_1230455198.unknown

_1230390682.unknown

_1230361860.unknown

_1230361914.unknown

_1230362016.unknown

_1230362031.unknown

_1230362080.unknown

_1230361959.unknown

_1230361895.unknown

_1230361803.unknown

_1230361836.unknown

_1230361782.unknown

_1230361631.unknown

_1230361686.unknown

_1230361742.unknown

_1230361666.unknown

_1230361622.unknown

_1230361623.unknown

_1230361537.unknown

_1229435041.unknown

_1230361242.unknown

_1230361412.unknown

_1230361535.unknown

_1230361394.unknown

_1229530445.unknown

_1230361184.unknown

_1229530430.unknown

_1079337488.unknown

_1086015825.unknown

_1086015870.unknown

_1086015888.unknown

_1227075691.unknown

_1086015851.unknown

_1079339394.unknown

_1079337375.unknown

_1079337424.unknown

_1075206925.unknown

_1075629619.unknown

_1075101611.unknown

