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1 Introduction
At RAN#54 a new work item (WI) on MIMO with 64QAM for HSUPA was started [1]. 
The introduction of MIMO with 64QAM in the UL will allow the peak data rate to reach about 
35 Mbps. To be able to reach the high received signal-to-noise ratios needed for dual stream operation very good channel conditions, low path loss and interference, are needed. In these conditions the UE can get modulation limited and not be able to utilize the available power headroom when single stream transmission is used. This is the main reason why 64QAM is combined with MIMO.
A few high-level design aspects for UL MIMO with 64QAM were discussed in [2]. In this paper we will discuss standardization impacts that come by increasing the highest possible modulation order from 16QAM to 64QAM. Many of these issues will impact both RAN1 and RAN2, hence we will in this contribution discuss subjects that later will be handled by RAN2. 
2 Discussion

2.1 Physical Layer Impact

The introduction of 64QAM in the uplink will mainly affect the physical layer. 

In the following section we outline potential changes due to the introduction of 64QAM.

2.1.1 Coding
The coding steps for E-DCH are illustrated in Figure 1.

The transport blocks arriving from the MAC layer to the CRC attachment could be 1.5 times as large when uplink 64QAM is considered compared to 16QAM. However, this should not affect the CRC attachment, the Code block segmentation, and the Channel Coding blocks. Neither should the Physical Layer HARQ be impacted to any greater extent. However, taking into account that some bits in the 64QAM (8PAM) constellation are more susceptible to errors than others, some additional functionality might be considered in order to improve performance. The changes to the blocks Physical Channel Segmentation and Interleaving & Physical channel mapping are expected to be minor.
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Figure 1
 Transport channel processing for E-DCH [3].

The most straightforward alternative to introduce 64QAM is to extend the steps taken for the introduction of 16QAM in Rel-7. The following issues need to be addressed in order to extend the coding chain for 64QAM:

· The physical layer HARQ functionality and rate matching block may need consideration. It is FFS whether the puncturing functionality needs to be modified, e.g. whether additional puncturing parameters are needed (current parameters are PLnon-max, PLmod_switch and PLmax) or if existing parameters, such as PLmod_switch need to be modified. Also it is FFS whether the fact that some bits in the 64QAM constellation are more susceptible to errors than others should be considered.
· The straightforward way to support 64QAM is to introduce a third R99 interleaver in the Interleaving block; see Figure 2 and [3; Section 4.8.6].

Proposal 1: We propose that a third R99 interleaver is introduced in the Interleaving block according to Figure 2.

[image: image2]
Figure 2
 Possible interleaver structure for E-DCH supporting 64QAM.

2.1.2 Modulation

With the introduction of Enhanced Uplink (EUL) in Rel-6 the maximum number of physical channels, E-DPDCHs, became four; two BPSK modulated physical channels with spreading factor two, and two BPSK modulated physical channels with spreading factor four. With the introduction of 16QAM in Rel-7 this structure was kept with the exception that 4PAM, 2 bits per symbol, could be used instead of BPSK, 1 bit per symbol, for 16QAM operation. In order to support 64QAM in the UL the most straightforward solution is to continue this evolution path and hence introduce 8PAM, 3 bits per symbol, for 64QAM operation; see Figure 3.


[image: image3]
Figure 3
 Illustration of BPSK, 4PAM, and 8PAM signal constellations.
When mapping binary symbols to 8PAM symbols, a set of three consecutive binary symbols nk, nk+1, nk+2 (with k mod 3 = 0) in each binary sequence can be converted to a real valued sequence following the Gray mapping described in Table 1.
Table 1 : Mapping of E-DPDCH with 8PAM modulation

	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


Proposal 2: We propose that 64QAM operation is achieved by the introduction of 8PAM modulated real valued symbol streams which are spread and I/Q multiplexed.

Proposal 3: We propose that 8PAM symbols are Gray mapped according to Table 1.

2.1.3 Power Settings & Grants

The operation of 64QAM will require higher operation points, as seen in Figure 4. 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 to reflect the new higher operating points. 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.

2.1.4 E-DPDCH Slot Formats
The E-DPDCH slot format table will need to be extended according to Table 2.
Table 2 : E-DPDCH slot formats.
	Slot Format #i
	Channel Bit Rate (kbps)
	Bits/Symbol

M
	SF
	Bits/ Frame
	Bits/ Subframe
	Bits/Slot

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


Proposal 4: We propose that two new E-DPDCH slot formats, 10 and 11, are introduced according to Table 2.
2.2 Higher Layer Impact

The introduction of 64QAM with MIMO will have an impact on higher layers, which will be discussed in this section.
2.2.1 Transport Block Size Table
The Node-B receiver needs to be made aware of the modulation format that it is receiving on the E-DPDCHs. Following the principles used for the introduction of 16QAM it is natural to make the modulation order part of the TB table. Hence, we need to define new TB tables for MIMO with 64QAM capable UEs. One example is given in Table 3. The mapping in the transport block size table is obtained using the formula below [4].
Let k be the chosen E-TFCI, then the corresponding E-DCH transport block size Lk is given by:
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It is noticeable in Figure 4 that E-TFCI 124 with TB size 30155 and coding rate 0,874 seems to be affected by the turbo decoder performance degradation anomaly, see e.g. [5].
Table 3 : 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
	25194

	1
	120
	31
	461
	61
	1778
	91
	6845
	121
	26352

	2
	125
	32
	483
	62
	1860
	92
	7160
	122
	27563

	3
	131
	33
	505
	63
	1945
	93
	7489
	123
	28830

	4
	137
	34
	528
	64
	2034
	94
	7833
	124
	30155

	5
	143
	35
	552
	65
	2128
	95
	8193
	125
	31541

	6
	150
	36
	578
	66
	2226
	96
	8570
	126
	32990

	7
	157
	37
	604
	67
	2328
	97
	8963
	127
	34507

	8
	164
	38
	632
	68
	2435
	98
	9375
	
	 

	9
	171
	39
	661
	69
	2547
	99
	9806
	
	 

	10
	179
	40
	692
	70
	2664
	100
	10257
	
	 

	11
	188
	41
	723
	71
	2787
	101
	10728
	
	 

	12
	196
	42
	757
	72
	2915
	102
	11221
	
	 

	13
	205
	43
	792
	73
	3049
	103
	11737
	
	 

	14
	215
	44
	828
	74
	3189
	104
	12276
	
	 

	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
	16075
	
	 

	21
	294
	51
	1134
	81
	4367
	111
	16814
	
	 

	22
	308
	52
	1186
	82
	4568
	112
	17587
	
	 

	23
	322
	53
	1241
	83
	4778
	113
	18395
	
	 

	24
	337
	54
	1298
	84
	4998
	114
	19241
	
	 

	25
	352
	55
	1358
	85
	5227
	115
	20125
	
	 

	26
	368
	56
	1420
	86
	5468
	116
	21050
	
	 

	27
	385
	57
	1485
	87
	5719
	117
	22017
	
	 

	28
	403
	58
	1554
	88
	5982
	118
	23029
	
	 

	29
	422
	59
	1625
	89
	6257
	119
	24087
	 
	 


2.2.2 UE Categories
The introduction of a new UE category for MIMO and 64QAM support is needed. Another UE category can be introduced for MIMO and 16QAM support.
2.2.3 RLC and MAC Layers
We need to make sure that the RLC and MAC layers can handle the increased peak data rates offered by MIMO+64QAM.

3 Simulation results
When BPSK is applied the maximum TBS is 11484 in Table 0 [4; Section B] and 11478 in Table 1 [4; Section B]. 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 3, where the maximum TBS is set to 34507. Simulations were performed for evaluating the needed amount of data power for the E-TFCIs in the new TBS table, see Figure 4. Simulations were run for each E-TFCI in order to measure the required amount of data (E-DPDCH) power to achieve 10% initial BLER. AWGN channel was used with SISO (1TX and 1RX) antenna configuration. Channel estimation was ideal and PLnon-max was set to 0.66.
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Figure 4 Required data power to achieve 10% initial BLER as a function of TBS.  Dashed vertical lines indicate change of modulation scheme.

Results show that when the UE is configured with 64QAM it is more energy efficient to switch to 8PAM modulation later at a higher coding rate. We also see, as mentioned earlier, that a significant increase in data power is needed to be able to operate at the highest E-TFCIs with 64QAM.
4 Conclusions
This contribution discussed the impact of increasing the maximum supported modulation order from 16QAM to 64QAM in the uplink and gave some proposals on fundamental changes. The introduction of an increased modulation order for MIMO with 64QAM in the uplink can be incorporated in the L1 specifications in a relatively straightforward manner. Also the impact on the higher layer specifications seems to be rather small.
The following are proposed in this paper:

Proposal 1: We propose that a third R99 interleaver is introduced in the Interleaving block according to Figure 2.
Proposal 2: We propose that 64QAM operation is achieved by the introduction of 8PAM modulated real valued symbol streams which are I/Q multiplexed.

Proposal 3: We propose that 8PAM symbols are Gray mapped according to Table 1.

Proposal 4: We propose that two new E-DPDCH slot formats, 10 and 11, are introduced according to Table 2.
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