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1 Introduction
RAN#54 started a work item (WI) on MIMO with 64QAM for HSUPA (see [1]). The RAN1 part of the WI is planned for completion at RAN#57 (September, 2012). The WI initialization was a result of extensive studies regarding potential benefits and solutions performed during the study item (SI) phase; see [2] for a summary of the findings.

In this paper, we discuss the remaining aspects related to increasing the highest possible modulation order from 16QAM to 64QAM. Some issues are in the domain of RAN2 and hence might consecutively need to be handled by that WG.
2 Remaining aspects of introduction of 64QAM
At RAN1#68 and RAN1#68bis, the following agreements were made regarding the introduction of 64QAM modulation for UL MIMO: 

· 8PAM modulation is introduced per code to facilitate 64QAM

· Bit-to-symbol mapping of 8PAM as in the table below

Table: Bit-to-symbol mapping of 8PAM
	nk, nk+1, nk+2
	Mapped real value

	000
	0.6547

	001
	0.2182

	010
	1.0911

	011
	1.5275

	100
	-0.6547

	101
	-0.2182

	110
	-1.0911

	111
	-1.5275


· 64QAM can only exist when transmitting with 2xSF2+2xSF4

· A 3rd interleaver is to be introduced for 64QAM as shown in figure below
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Figure: Interleaver structure, based on 3 interleavers.

· Maintain the existing physical slot format of E-DPCCH

· Introduce at least one new E-TFCI table for UL 64QAM, RAN2 to discuss and agree on the details

· Two new E-DPDCH slot formats are introduced for UL 64QAM  as in the table below

Table: New E-DPDCH slot formats.
	Slot Format #i
	Channel Bit Rate (kbps)
	Bits/Symbol
	SF
	Bits/ Frame
	Bits/ Subframe
	Bits/Slot

	
	
	M
	
	
	
	Ndata

	0
	15
	1
	256
	150
	30
	10

	1
	30
	1
	128
	300
	60
	20

	2
	60
	1
	64
	600
	120
	40

	3
	120
	1
	32
	1200
	240
	80

	4
	240
	1
	16
	2400
	480
	160

	5
	480
	1
	8
	4800
	960
	320

	6
	960
	1
	4
	9600
	1920
	640

	7
	1920
	1
	2
	19200
	3840
	1280

	8
	1920
	2
	4
	19200
	3840
	1280

	9
	3840
	2
	2
	38400
	7680
	2560

	10
	2880
	3
	4
	28800
	5760
	1920

	11
	5760
	3
	2
	57600
	11520
	3840


Herein, we discuss some of the remaining aspects related to the introduction of 64QAM, including the need of a new TBS table, the modulation switching point between 16QAM and 64QAM and the power settings.
2.1 Transport block size table

With the introduction of uplink 64QAM, a new TBS table is needed to reach the peak rate allowed by the higher order modulation. The maximum transport block size for uplink 64QAM is derived according to the following formula:
Maximum Transport Block size = no of utilized bits to ensure the maximum peak rate – turbo code blocks* tail bits per code block – CRC
To ensure that the rate matching output of 34560 bits can be utilized, a maximum transport block size of 34508 bits is needed.
34560 – 7(turbo code blocks)* 4(tail bits per code block) -24(CRC) = 34508 bits
Based on the existing formula for deriving TBSes for 16QAM [5], the following extended formula can be used for generating the TBSes for 64QAM:
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(1)
The required received power for all TBSes generated by (1) is represented by the red curve in Figure 1. The blue curve shows the required received power for a more dense set of TBS values. It is seen from Figure 1 that TB size 30156 and 31542 are affected by the turbo decoder performance degradation anomaly, see e.g. [6]. Hence, in order to avoid these two TBSes and only have TBSes not suffering from the turbo decoder anomaly, a slightly modified formula for generating the transport block sizes is proposed:
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(2)
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Figure 1 Impact of coding chain irregularities on TB sizes.
Table 1 shows the exponentially distributed transport block sizes for 2ms TTI generated from (2), ranging from 18 to 34508 bits. 
Table 1 - 2ms TTI E-DCH Transport Block Size Table
	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
	30400

	5
	143
	35
	552
	65
	2128
	95
	8193
	125
	31600

	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
	
	


2.2 Modulation switching point

During RAN1#68bis, the point for when to switch from 16QAM to 64QAM, which is determined by the new parameter 
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, was discussed.  It was proposed in [7] that 
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 should be equal to 0.3858. This value was deduced from AWGN link-level simulations, where different TBSes for both 16QAM and 64QAM were simulated. This optimal value of  
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 is also supported by the results presented in [8]. The optimal switching point could be further analyzed by studying the impact of the BLER target. However, the deviation is expected to be very small and can therefore be neglected [10]. Hence, as in [7], we propose to use 
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= 0.3858.
Proposal 1: The switching point from 16QAM to 64QAM modulation is set to 
[image: image9.wmf] 
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= 0.3858.
2.3 Power Settings & Grants

The introduction of 64QAM will require higher operation points, as seen in Figure 2. The figure shows a significant increase in required Ec for the highest operation point. Hence, it is likely that the uplink power setting procedures need to be revisited. For example, 

· The beta-value tables may need to contain larger values. 

· 64QAM operation may require improved channel estimates compared to 16QAM. Hence, the boosting procedures may need to be revisited.
· The E-AGCH needs to be extended to be able to grant larger powers to UEs supporting MIMO with 64QAM, e.g. by re-designing the AG tables associated with UE categories supporting MIMO with 64QAM.
When 4PAM is applied, the maximum TBS is 22995 in Table 2 [4; Section B] and 22996 in Table 3 [4; Section B]. In the case of 8PAM, an example table is shown in Table 1, where the maximum TBS is set to 34508. A numerical evaluation was performed to evaluate the needed amount of data power for the TBSes in the new TBS table, see Figure 2. Simulations were run for the highest TBS’s in order to measure the required amount of data (E-DPDCH) power to achieve 10% initial BLER. An AWGN channel was used with SISO (1TX and 1RX) antenna configuration. The channel estimation was ideal.
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Figure 2 Required data power to achieve 10% initial BLER as a function of TBS.
From the results it can be observed that a significant increase in data power is needed to be able to operate at the highest TBS with 64QAM. Consequently, it is very likely that new grant values and new ( values ((ed and (ec) are needed. The detailed investigation is FFS.
3 Conclusion
This contribution discussed the remaining aspects of increasing the maximum supported modulation order from 16QAM to 64QAM in the uplink.
The following proposal is made:
Proposal 1: The switching point from 16QAM to 64QAM modulation is set to 
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= 0.3858.
4 References

[1] RP-111642, “MIMO with 64QAM for HSUPA”, NSN 
[2] TR 25.871, “Uplink Multiple Input Multiple Output (MIMO) for 
High Speed Packet Access (HSPA)”
[3] R1-120343, ”Design Aspects for Uplink MIMO with 64QAM”, Ericsson/ST-Ericsson
[4] 3GPP TS 25.212, “Multiplexing and channel coding (FDD)”
[5] 3GPP TS 25.321, “Medium Access Control (MAC) protocol specification”

[6] R1-030421, “Turbo Coder Irregularities in HSDPA”
[7] R1-121738, “Extension of SF, modulation scheme and number of PhCHs selection algorithm to 64QAM “,  NSN
[8] R1-120342, “Design Aspects for Uplink Higher Order Modulation“, Ericsson/ST-Ericsson

[9] R1-121678, “Simulation results with Uplink 64QAM”, Huawei
[10] R1-071163, “Further Results on the Remaining Issues of 16QAM for HSUPA”, Motorola
_1398283464.unknown

_1398293258.unknown

_1398268705.unknown

_1398268733.unknown

