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1. Introduction 
In RAN1#68 the following agreements were achieved regarding UL MIMO with 64QAM:

· 8PAM modulation is introduced per code to facilitate 64QAM.
· 64QAM can only exist when transmitting with 2xSF2+2xSF4.
· Two new slot formats for E-DPDCH need to be introduced for 8PAM SF4 and 8PAM SF2.
· E-DPCCH design, whether the existing encoding is kept, or a new one is introduced is FFS.
Based on these agreements, we present the 64QAM simulation results which indicate the switch point between 16QAM and 64QAM. 
2. Simulation Results
In order to obtain the switch point between 16QAM and 64QAM, we simulate the 16QAM and 64QAM performance separately with different TBSs as shown in Table 1 Appendix A. The simulation assumptions as agreed in [1], are shown in Table 2 in Appendix B. The simulated TB sizes are {16076, 16815, 19241, 21050, 22018}.
Figure 1 shows the throughput as a function of Rx Ec/N0 for different channel models (AWGN and PA3). The different points on each curve denote different TB sizes whose throughputs are 90% of the maximum achievable. We can observe that 16QAM outperforms 64QAM at low RxEc/No, and that 64QAM provides higher throughput than 16QAM as the RxEc/No increases. The switching point occurs approximately between 8 Mbps and 9 Mbps. From the simulated TB sizes, the switching point occurs for a TBS equal to 19241 bits, which corresponds to a coding rate of 0.557. A new parameter PL64mod_switch needs to be introduced as mentioned in [2]. For the TBS of 19241, PL64mod_switch would be equal to 0.398. For the definition of the PL parameter we would likely require further evaluation with more TB sizes.
Proposal: The switching point from 16QAM to 64QAM occurs for a TBS of approximately 19000 bits. 
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Figure 1: Throughput vs RxEc/No for 16QAM and 64QAM
3. Conclusion
In this contribution, we presented simulation results and performance analysis for the UL with 64QAM. Simulations show that UL 64QAM provides higher throughput than 16QAM at high RxEc/N0 in AWGN and PA3 channels, and the switch point between 64QAM and 64QAM relative performance occurs at approximately 8-9 Mbps. From the simulated TB sizes in Figure 1, the switching point occurs for a TBS equal to 19241 bits, which corresponds to a coding rate of 0.557. The corresponding PL64mod_switch would be equal to 0.398.
Proposal: The switching point from 16QAM to 64QAM occurs for a TBS of approximately 19000 bits. 
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1 Appendix A
Table 1: 2ms TTI E-DCH Transport Block Size Table for 64QAM 
	E-TFCI
	TB size
(bits)
	E-TFCI
	TB size
(bits)
	E-TFCI
	TB size
(bits)
	E-TFCI
	TB size
(bits)
	E-TFCI
	TB size
(bits)

	0
	18
	30
	441
	60
	1700
	90
	6544
	120
	25195

	1
	120
	31
	461
	61
	1778
	91
	6845
	121
	26353

	2
	125
	32
	483
	62
	1860
	92
	7160
	122
	27564

	3
	131
	33
	505
	63
	1945
	93
	7489
	123
	28831

	4
	137
	34
	528
	64
	2034
	94
	7833
	124
	30156

	5
	143
	35
	552
	65
	2128
	95
	8193
	125
	31542

	6
	150
	36
	578
	66
	2226
	96
	8570
	126
	32991

	7
	157
	37
	604
	67
	2328
	97
	8964
	127
	34508

	8
	164
	38
	632
	68
	2435
	98
	9376
	
	

	9
	171
	39
	661
	69
	2547
	99
	9806
	
	

	10
	179
	40
	692
	70
	2664
	100
	10257
	
	

	11
	188
	41
	723
	71
	2787
	101
	10729
	
	

	12
	196
	42
	757
	72
	2915
	102
	11222
	
	

	13
	205
	43
	792
	73
	3049
	103
	11737
	
	

	14
	215
	44
	828
	74
	3189
	104
	12277
	
	

	15
	225
	45
	866
	75
	3335
	105
	12841
	
	

	16
	235
	46
	906
	76
	3489
	106
	13431
	
	

	17
	246
	47
	948
	77
	3649
	107
	14048
	
	

	18
	257
	48
	991
	78
	3817
	108
	14694
	
	

	19
	269
	49
	1037
	79
	3992
	109
	15369
	
	

	20
	281
	50
	1084
	80
	4176
	110
	16076
	
	

	21
	294
	51
	1134
	81
	4368
	111
	16815
	
	

	22
	308
	52
	1186
	82
	4568
	112
	17587
	
	

	23
	322
	53
	1241
	83
	4778
	113
	18396
	
	

	24
	337
	54
	1298
	84
	4998
	114
	19241
	
	

	25
	352
	55
	1358
	85
	5228
	115
	20125
	
	

	26
	368
	56
	1420
	86
	5468
	116
	21050
	
	

	27
	385
	57
	1485
	87
	5719
	117
	22018
	
	

	28
	403
	58
	1554
	88
	5982
	118
	23030
	
	

	29
	422
	59
	1625
	89
	6257
	119
	24088
	
	


2 Appendix B

Table 2: Simulation parameters for UL 64QAM

	Parameter
	Value

	Physical Channels
	E-DPDCH, DPCCH, E-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	Fixed in each simulation:{16076, 16815, 19241, 21050, 22018}

	Modulation
	16QAM or 64QAM; switch point between 16QAM and 64QAM should be described.

	20*log10(βed/βc) [dB]
	4.09

	20*log10(βec/βc) [dB]
	-9.54

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

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

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	PLmax
	0.33

	PLnon,max
	0.66

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON    

	ILPC Update Rate
	once per slot 

	Outer Loop Power Control
	OFF 

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	AWGN, PA3

	NodeB Receiver Type
	LMMSE
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