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Introduction

In TSG-RAN#50 a new study item, “Uplink MIMO for HSPA”, was approved [1]. In this contribution we provide an initial link analysis of this feature.
2
Simulation assumptions
The simulation framework is described in detail in [2]. Table 1 lists the main simulation parameters.
Table 1: Simulation assumptions for link evaluation of UL MIMO
	Parameter
	Value

	Physical Channels
	E-DPDCH, S-E-DPDCH, DPCCH, S-DPCCH,            E-DPCCH (both streams),

	E-DCH TTI [ms]
	2

	Modulation
	16QAM for TBS ≥ 8105, QPSK otherwise 

	TBS [bits]
	Variable based on NodeB scheduler

	Number of physical data channels and spreading factor on both MIMO streams 
	2xSF2+2xSF4

	Power ratio of E-DPCCH/DPCCH and S-E-DPCCH/S-DPCCH [dB]
	10

	Power ratio between primary and secondary pilot channels (DPCCH/S-DPCCH) [dB]
	0

	Power of channels other than data and pilot (i.e., DPDCH, E-DPCCH, HS-DPCCH)
	Zero 

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	1

	Residual BLER
	10%

	Number of Rx Antennas
	2, 4

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic – 4  slot non-causal filtering

	Inner Loop Power Control
	OFF

	Outer Loop Power Control
	OFF

	Inner Loop PC Step Size
	N/A

	UL TPC Delay (sent on F-DPCH)
	N/A

	UL TPC Error Rate (sent on F-DPCH)
	N/A

	Precoding weight vector determination
	SVD or SNR based.

	Quantization of Precoding vector
	Unquantized and quantized (2bits phase, or 2bits phase and 1 bit amplitude)

	Precoding Feedback delay
	1 slot

	Precoding Feedback error rate
	0

	Precoder update rate
	3 slots

	Scheduling delay
	1 slot

	Propagation Channel
	Single Path 3 km/hr (2x2 MIMO), PA3 (modified), VA3 (modified)

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	NodeB Rx Correlation
	0

	UE DTX
	OFF

	Searcher and Time/frequency tracking loop
	OFF (finger placed at each channel tap for channel estimation)


Additional notes:

Precoder weight vector determination: In SVD based approach, the SVD is performed on the channel path with instantaneous maximum total energy across all tx and rx antennas. SNR based approach computes post-equalizer SNR and from there, the sum throughput as explained in [2] under all allowed hypotheses of precoder as well as number of streams (single or dual), and picks the one maximizing the sum throughput.
Precoding and channel estimation details: The precoder used for 2-bit phase quantization is identical to the HSDPA 2x2 MIMO precoder. The precoder codebook in general is described as the set of precoder matrices of the form 
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are respectively the number of points for phase and amplitude quantization, eg.
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has value (4,1) for 2-bit phase quantization, and (4,2) for 2bits of phase and one bit of amplitude quantization. Both pilots and data are subjected to precoding, as mentioned in [2]. The symmetric implementation of phase quantization and its enhancements, as described in [3], are currently not implemented. However, the channel estimates are first processed to eliminate the effect of the precoder and obtain an estimate of the underlying channel before they are subjected to  4 slot filtering. This can be expected to decrease the need for the symmetric implementation.
Propagation channel power-delay profiles: (delay in chips, power as fraction of total power expressed in dB)


PA3: (0.125, -0.22dB),  (8.125, remaining power)


VA3: (0.125,-3.17dB),  (1.375,-4.07dB),  (2.875,-11.19dB),  (4.25,-13.01dB),  (12.25, remaining power)

3
Link simulation results

3.1
2-Rx Antennas at the NodeB
In the following, SIMO refers to the 1x2 configuration.
3.1.1
Single Path 3km/hr

3.1.1.1
UE Throughput as a function of Rx Ec/No
Table 2: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x2, single path 3km/hr) 

	Rx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	5934
	8527
	10313
	11228

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	6240
5
	8985
5
	10536
2
	11362
1

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	6252
5
	10180
19
	15624
52
	19185
71

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	6161
4

	8815
3
	10184
-1

	10904
-3

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	6163

4
	9893
16
	14782
43
	18618
66

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	6220

5
	8909
4
	10154
-2
	10855
-3

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	6224
5
	10000
17
	15072
46
	18736
67


3.1.1.2
UE Thoughput as a function of Tx Ec/No

Table 3: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x2, single path 3km/hr)

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	5963
	8516
	10302
	11225

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	7442

25
	9665

13
	11025

7
	11470

2

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	7584

27
	11456

35
	15856

54
	19229

71

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	7016

18
	9277
9
	10423
1

	11034
-2

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	7142

20
	10774
27
	15017
46
	18666
66

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	7239
21
	9392
10
	10305
0
	11022
-2

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	7346

23
	10969
29
	15240
48
	18769
67


3.1.2
PedA 3km/hr
3.1.2.1
UE Throughput as a function of Rx Ec/No
Table 4: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x2, Ped-A mod 3km/hr) 

	Rx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	5843
	8399
	10130
	11126

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	6103
4
	8806
5
	10270
1
	11177
0

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	6135

5 
	9879
18
	14796
46
	17892
61

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	6024

3
	8618
3
	9952
-2

	10661
-4

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	6027

3
	9515
13
	13977
38
	17220
55

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	6087

4
	8718
4
	9979
-1
	10638
-4

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	6093

4 
	9646
15
	14302
41
	17375
56


3.1.2.2
UE Throughput as a function of Tx Ec/No

Table 5: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x2, Ped-A mod 3km/hr)

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	5829
	8395
	10139
	11127

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	7196

23
	9424

12
	10747

6
	11361

2

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	7371

26 
	11086

32
	14927

47
	17891

61

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	6834

17
	9063
8
	10170
0

	10789
-3

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	6917

19 
	10331
23
	14205
40
	17221
55

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	7045

21
   
	9183
9
	10179
0
	10760
-3

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	7132

22
	10569
26
	14464
43
	17371
56


3.1.3
VehA
3km/hr

3.1.3.1
UE Throughput as a function of Rx Ec/No
Table 6: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x2, VehA mod 3km/hr) 

	Rx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	5194


 
	7281
	8684
	9232

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	5142

-1
	7136
-2
	8383
-3
	8888
-4

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	5143

-1
	7571
4
	11256
30
	13093
42

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	4978

-4
	6909
-5
	8223
-5

	8729
-5

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	4975
   -4
	7475
3
	11005
27
	12722
38

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	5024
   -3 
	6964
-4
	8238
-5
	8716
-6

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	5004
   -4 
	7469
3
	11070
27
	12846
39


3.1.3.2
UE Throughput as a function of Tx Ec/No

Table 7: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x2, VehA mod 3km/hr)

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	5177


 
	7270
	8681
	9239

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	5627

9 
	7495

3
	8585

-1
	8947

-3

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	5650

9 
	8282

14
	11381

31
	13097

42

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	5353

3 
	7201
-1
	8399
-3

	8765
-5

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	5372

4 
	7979
10
	11103
28
	12731
38

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	5475

6
	7291
0
	8417
-3
	8744
-5

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	5458

5
	8082
11
	11239
29
	12863
39


3.2
4-Rx Antennas at the NodeB

In the following, SIMO refers to the 1x4 configuration.
3.2.1
Single Path 3km/hr

3.2.1.1
UE Throughput as a function of Rx Ec/No
Table 8: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x4, single path 3km/hr) 

	Rx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	7915

	9847
	11148
	11437

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	8166

3
	10034
2
	11215
1
	11434
0

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	8985

14 
	16679
69
	20360
83
	22090
93

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	8092

2
	9978
1
	11108
0
	11437
0

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	9313

18 
	16345
66
	20215
81
	22299
95

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	8162

3
	10009
2
	11204
1
	11446
0

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	9296

17 
	16339
66
	20246
82
	22278
95


3.2.1.2
UE Throughput as a function of Tx Ec/No

Table 9: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x4, single path 3km/hr)

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	7883
	9797
	11140
	11437

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	8843

12
	10493


    7
	11347


    2
	11432

0

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	10265

30
	16673

70
	20318

82
	22089

93

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	8566

9
	10302

    5
	11271

    1
	11448
0

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	10206


29 
	16301
66
	20184
81
	22298
95

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	8721

11
	10433
6
	11342
2
	11450
0

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	10266

30 
	16362
67
	20257
82
	22259
95


3.2.2
PedA 3km/hr
3.2.2.1
UE Throughput as a function of Rx Ec/No
Table 10: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x4, Ped-A mod 3km/hr) 

	Rx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	7910
	9900
	11087
	11440

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	8073

2
	9938
0
	11004
-1
	11211
-2

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	9111

15
	16301
65
	19782
78
	21729
90

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	8005

1
	9851
0
	10957
-1
	11377
-1

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	9067

15 
	16082
62
	19725
78
	22034
93

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	8058

2
	9923
0
	11063
0
	11439
0

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	8937

13 
	16130
63
	19739
78
	21930
92


3.2.2.2
UE Throughput as a function of Tx Ec/No

Table 11: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x4, Ped-A mod 3km/hr)

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	7852

	9897
	11091
	11440

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	8707

11
	10365

5
	11066

0
	11274

-1

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	10304

31 
	16243

64
	19740

78
	21719

90

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	8456

8
	10111
2
	11170
1
	11382
-1

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	9926

26
	16017
62
	19712
78
	22034
93

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	8582

9
	10267
4
	11265
2
	11450
0

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	10075

28
	16120
63
	19721
78
	21921
92


3.2.3
VehA 3km/hr

3.2.3.1
UE Throughput as a function of Rx Ec/No
Table 12: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x4, VehA mod 3km/hr) 

	Rx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	7175





 
	8893
	9561
	9728

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	7032

-2
	8735
-2
	9500
-1
	9614
-1

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	8185

14 
	13911
56
	16798
76
	17946
84

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	6974

-3
	8740
-2
	9528
0
	9733
0

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	8010

12 
	14165
59
	17073
79
	18395
89

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	7062

-2
	8793
-1
	9560
0
	9732
0

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	7869

10
	14182
59
	17033
78
	18346
89


3.2.3.2
UE Throughput as a function of Tx Ec/No

Table 13: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x4, VehA mod 3km/hr)

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO
	7153 
	8887
	9560
	9728

	CLTD (SVD based)  unquantized feedback               gain % over SIMO
	7346

3
	8925


    0
	9561


    0
	9611

-1

	MIMO (SVD based) unquantized feedback              gain% over SIMO
	8842

24
	13875

56
	16765

75
	17922

84

	CLTD (SNR based)    2 bit phase feedback               gain % over SIMO
	7194

1
	8905
0
	9582
0

	9750
0

	MIMO (SNR based)   2 bit phase feedback              gain% over SIMO
	8569

20

	14147
59
	17053
78
	18393
89

	CLTD (SNR based)    2 bit ph.+1bit amp. FB               gain % over SIMO
	7400

3
	8983
1
	9621
1
	9744
0

	MIMO (SNR based)   2 bit ph.+1bit amp. FB              gain% over SIMO
	8589

20
	14148
59
	17042
78
	18346
89


4
Conclusions

In this contribution, an initial link analysis was provided for the UL MIMO for HSPA feature. It was shown that this feature can deliver substantial throughput gains. Especially when the NodeB uses 4 receive antennas, the increased receive diversity causes the gains from additional diversity provided by CLTD to diminish, whereas the diversity improvement experienced by the weak eigenmode of the 2xN mimo channel is much more substantial as N increases from 2 to 4, giving substantial MIMO throughput gains. 
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