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1 Introduction

At the last RAN plenary, a WI on UL MIMO with 64QAM for HSUPA was approved [1].  The RAN1-related objectives of the Work Item may be summarized as follows:

· Specification of uplink 2x2 MIMO together with 64QAM modulation for E-DCH/HSUPA:

a. Specification of L1 aspects of uplink 2x2 MIMO with 64QAM HSUPA, including applicable channel, code and gain factor combinations

…

e. Existing functionality should be re-used unless non-re-use can be justified by clear benefits.

· MIMO and 64QAM shall be operable together

· The functional specification should not preclude operating MIMO with lower modulation orders than 64QAM

· The functional specification should not preclude operating 64QAM without MIMO

In this contribution we discuss considerations for support of 64QAM on the uplink and we present preliminary simulation results.

2 Discussion

In Release 7 the support for 16QAM was introduced for the E-DCH.  When compared to QPSK, 16QAM doubles the peak data rate.  Likewise, the introduction of 64QAM uplink can increase the peak rate by a factor of 1.5 (from 11.52Mbps with 16QAM to up to 17Mbps or 34Mbps with dual-stream operations).  Clearly 64QAM, and in particular with dual-stream MIMO offers attractive peak rates.  In this contribution we address the support of 64QAM uplink in the general single-stream case; many aspects discussed may also apply to dual-stream operations.  

We first address some considerations for the introduction of 64QAM in the specifications, and then show preliminary simulations results.

2.1 Considerations for 64QAM

The support of 64QAM on the uplink should be relatively simple to introduce in the RAN1 specifications.   The following is a short list of possible impacts to the specifications:

· Impacts to 25.211
· Section 5.2.1.3: need to define a new slot format for 64QAM

· Impacts to 25.212
· Section 4.8.4.1: Need to introduce threshold or rules for transport format selection

· Section 4.8.6: Interleaving for E-DCH will need to be updated to support 64QAM

· Section 4.10.1A: A new absolute grant value table may be needed in case current maximum grant not sufficient for 64QAM

· Impacts to 25.213
· Section 4.2.1: New mapping of E-DPDCH for 8-PAM modulation will be needed

· Section 4.2.1.3: New quantization ratios for E-DPDCH may be needed

· Impacts to 25.214
· Section 5.1.2.5B.1: Calculation of the E-DPCCH gain factor with boosting may need to be revisited

· Section 5.1.2.5B.2: Calculation of the E-DPDCH gain factor may need to be revisited

In addition, RAN2 will need to specify new transport block size tables for E-DCH in the MAC specifications, in addition to specifying the RRC-related procedures and IEs.  In the following we further discuss a few specific aspects that are also relevant to the simulations results shown in Section 2.2.

Constellation mapping

On the E-DCH, the data bits are mapped to symbols on the I and Q phases independently; thus in practice 64QAM is realized by two 8PAM streams mapped on I and Q.  Because of this, there is no need to provide a 2-D constellation but rather a bit to symbol mapping as is the case for 16QAM.  

Table 1 and Figure 1 illustrate the mapping used for the simulations.  Note that the levels are Gray-encoded to provide additional protection; similar mapping could also be used in the specifications.

Table 1: Constellation Mapping for 8PAM

	nk,nk+1,nk+2
	Mapped real value

	000
	0.21822

	001
	0.65465

	010
	1.52752

	011
	1.09109

	100
	-0.21822

	101
	-0.65465

	110
	-1.52752

	111
	-1.09109
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Figure 1
Interleaving for E-DCH

The purpose of the interleaver is to ensure that consecutive bits are not mapped to adjacent E-DPDCH symbols.  In Release 7, a second interleaver was introduced to support 4PAM (16QAM) modulation; the second interleaver was introduced to further avoid clustering of reliable and unreliable bits (see [3]).

Like for HSDPA with 64QAM, this concept should be extended for 8PAM (64QAM) by adding a third interleaver, as shown in Figure 2.  This approach was used in the simulations.
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Figure 2: Extended Interleaver Structure for 64QAM E-DCH

Slot Format 

Extending the current slot format to 64QAM is straightforward; with 64QAM the E-DPDCH slot format has to be extended to support up to 3 bits per modulation symbol (i.e. M=3 in Section 5.2.1.3 of TS25.211).  Like 16QAM, the transport format supporting 64QAM can be limited to 2xSF2 + 2xSF4.  This approach was used as well in our simulations.

Proposal 1: 
Adopt a fixed transport format of 2SF2 + 2SF4 for 64QAM transmission.
TBS Table

With 64QAM on the uplink the UE supports up to 34560 bits on a 2ms TTI with the 2SF2+2SF4 E-DPDCH transport format.  To support the larger data rates, new transport block size tables will need to be defined in the MAC specifications.  For the purpose of simulations, we derived one transport block size table based on the exponentially distributed TBS approach, as described in [2].  Using this approach, the TBS are exponentially distributed between the minimum and maximum TBS value.

The maximum transport block size is calculated such that the rate matching output of 34560 is fully used.  Using the formulation in [2] with 7 codeblocks, 4 tail bits per codeblock and 24 bits CRC, this results in:


TBSmax = 34560-7*4-24 = 34508.
(1)

And the minimum TBS is set to 120bits as in the existing tables (although the actual minimum value is 18 bits it is not used in the exponential distribution).

The resulting entries are shown in Table 2 in the Appendix.  We note that entries with E-TFCI above 117 are only supported with 64QAM modulation.  Similar to R7 work on 16QAM, it is likely more efficient to use 64QAM for some E-TFCI values below that, as the code rate would be lower.  The objective of the preliminary simulations, as it was done for 16QAM uplink in R7, is to determine at what data rate it is more advantageous to use 64QAM over 16QAM.

2.2 Preliminary simulation results

We generated link level results to investigate the potential benefits of 64QAM in HUSPA.  Our initial analysis was performed in UL SIMO with a MMSE receiver and compared the throughput of QPSK, 16QAM, and 64QAM modulations in a PA3 multipath fading channel. The constellation mapping for 64QAM was presented in Table 1 and the model estimated the amplitude used in the 16QAM and 64QAM demodulators. In addition, the interleavers were updated to the structure shown in Figure 2 and the E-DCH slot format of 2xSF2+2xSF4 for all TBS. Note the simulations used fixed E-DCH beta factors and hence they have not been optimized for the transport block sizes. The remaining simulation assumptions including the MCS table are given in Section 5.2.  The results from the simulations are shown in Figure 3.
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Figure 3: HSUPA Link Level Analysis of QPSK/16QAM/64QAM in PA3 Channel

From Figure 3 we observe the following:

· Both 16QAM and 64QAM have better throughput than QPSK above 0dB;
· Above 5dB, 64QAM shows throughput gains over 16QAM;
· At higher levels of Rx Ec/No, 64QAM has over a 50% gain in throughput over 16QAM, as expected.
· 64QAM starts to have a throughput gain over 16QAM for transport blocks larger than 16,000 bits (approximately 8Mbps).
To summarize, in near cell center conditions 64QAM demonstrates significant performance gains over QPSK and 16QAM.

3 Conclusion

In this contribution, we discussed the required updates to the specifications related to the introduction of 64QAM.  .  In view of the existing transport format configurations for HSUPA, we also proposed:

Proposal 1: 
Adopt a fixed transport format of 2SF2 + 2SF4 for 64QAM transmission.
In addition, we presented initial single stream 64QAM link level simulation results which demonstrated the advantage of 64QAM over 16QAM when the transport block size is larger than 16,000 bits.
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5 Appendix

5.1 64QAM TBS table

Table 2: 2ms TTI E-DCH table used for 64QAM simulations
	E-TFCI
	TB Size

(bits)
	E-TFCI
	TB Size

(bits)
	E-TFCI
	TB Size

(bits)
	E-TFCI
	TB Size

(bits)

	0
	18
	32
	483
	64
	2034
	96
	8570

	1
	120
	33
	505
	65
	2128
	97
	8964

	2
	125
	34
	528
	66
	2226
	98
	9376

	3
	131
	35
	552
	67
	2328
	99
	9806

	4
	137
	36
	578
	68
	2435
	100
	10257

	5
	143
	37
	604
	69
	2547
	101
	10729

	6
	150
	38
	632
	70
	2664
	102
	11222

	7
	157
	39
	661
	71
	2787
	103
	11737

	8
	164
	40
	692
	72
	2915
	104
	12277

	9
	171
	41
	723
	73
	3049
	105
	12841

	10
	179
	42
	757
	74
	3189
	106
	13431

	11
	188
	43
	792
	75
	3335
	107
	14048

	12
	196
	44
	828
	76
	3489
	108
	14694

	13
	205
	45
	866
	77
	3649
	109
	15369

	14
	215
	46
	906
	78
	3817
	110
	16076

	15
	225
	47
	948
	79
	3992
	111
	16815

	16
	235
	48
	991
	80
	4176
	112
	17587

	17
	246
	49
	1037
	81
	4368
	113
	18396

	18
	257
	50
	1084
	82
	4568
	114
	19241

	19
	269
	51
	1134
	83
	4778
	115
	20125

	20
	281
	52
	1186
	84
	4998
	116
	21050

	21
	294
	53
	1241
	85
	5228
	117
	22018

	22
	308
	54
	1298
	86
	5468
	118
	23030

	23
	322
	55
	1358
	87
	5719
	119
	24088

	24
	337
	56
	1420
	88
	5982
	120
	25195

	25
	352
	57
	1485
	89
	6257
	121
	26353

	26
	368
	58
	1554
	90
	6544
	122
	27564

	27
	385
	59
	1625
	91
	6845
	123
	28831

	28
	403
	60
	1700
	92
	7160
	124
	30156

	29
	422
	61
	1778
	93
	7489
	125
	31542

	30
	441
	62
	1860
	94
	7833
	126
	32991

	31
	461
	63
	1945
	95
	8193
	127
	34507


5.2 Simulation assumptions

Table 3: Link Level Simulation Assumptions

	Parameters
	Values

	Physical Channels
	DPCCH, E-DPDCH, E-DPCCH

	E-DPDCH Beta Factor [dB]
	10

	E-DPCCH Beta Factor [dB]
	7

	T2TP
	10dB

	E-DCH TTI [ms]
	2

	TBS
	See Table 4

	E-DPDCH format
	2xSF2 + 2xSF4

	Number of H-ARQ processes
	8

	Maximum Number of Transmissions
	4

	H-ARQ operating point
	10% BLER after 1st TX

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Receiver
	LMMSE

	Channel estimation
	Ideal

	Inner loop power control
	On

	Outer loop power control
	On

	Channels
	PA3

	QAM Demodulators
	Realistic


Table 4: MCS Table

	MCS
	TBS
	Coding Rate (QPSK/16QAM/64QAM)

	1
	8000
	(0.70/0.35/0.23)

	2
	9000
	(0.78/0.39/0.26)

	2
	11000
	(0.95/0.47/0.32)

	3
	13000
	(X/0.56/0.37)

	4
	16000
	(X/0.69/0.46)

	5
	18000
	(X/0.78/0.52)

	6
	22000
	(X/0.95/0.63)

	7
	24000
	(X/X/0.69)

	8
	27000
	(X/X/0.77)

	9
	30000
	(X/X/0.86)

	10
	33000
	(X/X/0.95)

	11
	34500
	(X/X/0.99)


· X signifies case is not simulated due to high coding rate
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