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1
Introduction
At RAN#54, a new Rel-11 work item MIMO with 64QAM for HSUPA was approved see [1]. The objective of this work item is to specify the support of uplink 2x2MIMO with 64QAM as an additional uplink modulation scheme for HSUPA in FDD, including:

· 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

b. Specification of L2/L3 aspects of uplink 2x2 MIMO with 64QAM HSUPA

c. Specification of Iub/Iur support for uplink 2x2 MIMO with 64QAM HSUPA

d. Specification of Node B and UE requirements for an agreed set of radio conditions/environments

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

· The new UE categories to be introduced shall include at least a category for simultaneous MIMO and 64QAM operation

a. Other UE categories (16QAM MIMO, QPSK MIMO, 64QAM no-MIMO) should be discussed during the WI

· Introducing the functionality in the relevant specifications of

a. UL data channel structure

b. UL and DL control channel structure

· The work should focus on reusing existing structures as much as possible. 

c. L2/L3 protocols

d. UTRAN network interfaces

e. UE RF core requirements with the work task breakdown
With the introduction of MIMO with 64QAM for HSUPA, MAC considerations and UE categories are discussed in this contribution.
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Discussion
Some aspects in MAC layers need to be revisited to handle the introduction of MIMO with 64QAM for HSUPA and the increased peak data rates offered by MIMO with 64QAM.

2.2 MAC Layer Aspects
2.2.1 MAC-i/is
It is expected that MIMO with 64QAM for HSUPA UEs will be transmitting at high data rates since the benefit of using MIMO with 64QAM would be overcome by the extra overhead channels otherwise. However using small fixed RLC PDU sizes would limit the achievable data throughput and impact the performance negatively at high data rates. Therefore it is proposed that only MAC-i/is, which can support flexible RLC PDU sizes, is used in MIMO with 64QAM for HSUPA.

There shall be one HARQ entity per E-DCH transport channel per TTI for both single stream transmission and dual stream transmissions, one HARQ process per TTI for single stream and two HARQ processes per TTI for dual stream transmissions.

In case of dual stream both HARQ processes would share the same TSN space, which is maintained per logical channel.
Proposal 1:  There shall be one HARQ process per TTI for single stream transmission and two HARQ processes per TTI for dual stream transmissions.
2.2.2 Transportblock size table
Since 64QAM with 2ms TTI duration configuration will give higher rate, there is undoubtedly no much benefit to configure the 10 ms TTI duration and consequently, only one new additional E-DCH table for 64QAM with 2ms TTI is needed. The maximum transport block size for 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 the rate matching output of 34560 bits can be utilized, the maximum transport block size of 34508 bits is needed.
34560 – 7(turbo code blocks)* 4(tail bits per code block) -24(CRC) = 34508 bits
The new Table 4 shown below for 2ms TTI contains the exponentially distributed transport block sizes, ranging from 18 to 34508 bits. The E-TFCI values for 
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 in Table 4 are adjusted because of Turbo Coder irregularities in HSDPA, see [2] and [5].
The formula for generating the transport block sizes is the following:
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Table 4 - 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
	
	


Proposal 2: E-TFCI versus E-DCH Transport Block Size values for 2ms TTI are as specified in Table 4. 
2.2.3 E-TFC SelectionThe Serving Grant Update function provides one serving grant (SG) for the E-TFC selection function to determine a suitable transport block size (TBS) for each of the streams. 
For rank1 the E-TFC selection mechanism is as legacy, e.g. uses the SG as is. For Rank 2 transmission, the E-TFC selection for the primary stream shall use the SG value/2 [FFS]. To determine E-TFC selection for the secondary stream the input is half the SG divided by the secondary stream offset parameter Deltaoffset-2nd-stream 
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) parameter is dynamically updated by L1 signalling [FFS]. 

One option of the MIMO E-TFC selection procedures assuming that the E-DPDCH power extrapolation formula is configured as below: 
Rank 1 on single stream: 
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Rank 2 on primary stream:  
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Rank 2 on secondary stream: 
[image: image8.wmf]ú

ú

ú

û

ú

ê

ê

ê

ë

ê

D

×

×

×

÷

ø

ö

ç

è

æ

×

D

stream

-

2nd

-

offset

10

/

2

,

,

,

,

,

10

 

2

ant

Serving_Gr

 

harq

m

ed

m

ref

e

m

ref

e

A

L

K


Note that corresponding changes are required for the interpolation formula.

In order to mitigate the inter-stream interference, different quantized amplitude ratio, 
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, will be utilised dependent whether it is Rank 1 or Rank 2 transmission [FFS]. 
If Rank 1, then
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Else if Rank 2 and on both stream, then 
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These quantized amplitude ratio values shall be set by higher layer signalling [FFS]. 
The transmission format and data allocation requirement on the primary stream and the secondary stream:

· The transmission format and data allocation in case of single stream transmission would be the same as in the case of a non-MIMO case.
· If Rank 2 is configured the primary transport block is carried over 4 E-DPDCHs and the secondary transport block is carried over 4 S-E-DPDCHs.

Proposal 3:  In case of rank 2 transmission, primary data stream E-DPDCH and secondary data stream S-E-DPDCH use equal power. 

Proposal 4: The procedure of Serving Grant Update function (i.e. section 11.8.1.3
of 25.321 [4]) remains same as legacy. 

Proposal 5: Serving Grant used in the E-TFC selection for rank 2 transmission shall be reduced by 3dB.  

Proposal 6: Serving Grant used in the E-TFC selection for secondary stream shall be subjected of a reducing factor, 
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Proposal 7: Different quantized amplitude ratio, 
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, are utilised dependent whether it is Rank 1 or Rank 2. 
Proposal 8: The transmission format and data allocation for the primary stream would be the same as in the case of a non-MIMO case.
Proposal 9: The configured E-TFCI table should match TBS that fit channelization code of 2xSF2+2xSF4. Otherwise, do not use the secondary stream

2.3 UE categories

The uplink UE categories need to be extended to include more new UE categories, see [3] the following categories are proposed:

1. MIMO with 16QAM 

2. 64QAM (without MIMO)

3. MIMO with 64QAM

The maximum transport block size for single stream with 16QAM is 22996 bits. The maximum transport block size of MIMO with 16QAM is 22996 bits for each streams, the maximum transport block size of 64QAM is 34508 bits and the maximum transport block size of MIMO with 64QAM is 34508 bits for each stream.
Proposal 10: Three new UE categories are proposed:

1. MIMO with 16QAM 

2. 64QAM (without MIMO)
3. MIMO with 64QAM

3
Conclusion
RAN2 is asked to discuss and agree on the proposals:

Proposal 1:  There shall be one HARQ process per TTI for single stream transmission and two HARQ processes per TTI for dual stream transmissions.
Proposal 2: E-TFCI versus E-DCH Transport Block Size values for 2ms TTI are as specified in Table 4.
Proposal 3:  In case of rank 2 transmission, primary data stream E-DPDCH and secondary data stream S-E-DPDCH use equal power. 

Proposal 4: The procedure of Serving Grant Update function (i.e. section 11.8.1.3
of 25.321 [4]) remains same as legacy. 

Proposal 5: Serving Grant used in the E-TFC selection for rank 2 transmission shall be reduced by 3dB.  

Proposal 6: Serving Grant used in the E-TFC selection for secondary stream shall be subjected of a reducing factor, 
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Proposal 7: Different quantized amplitude ratio, 
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, are utilised dependent whether it is Rank 1 or Rank 2. 
Proposal 8: The transmission format and data allocation for the primary stream would be the same as in the case of a non-MIMO case.

Proposal 9: The configured E-TFCI table should match TBS that fit channelization code of 2xSF2+2xSF4. Otherwise, do not use the secondary stream

Proposal 10: Three new UE categories are proposed:

1. MIMO with 16QAM 

2. 64QAM (without MIMO)
3. MIMO with 64QAM
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