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1
Introduction

RAN#50 initiated a study item on UL MIMO for HSPA [1]. This contribution presents the performance analysis based on the simulation assumptions that were agreed upon in [2] for this study item.
2
Simulation assumptions
The link simulation settings for UL MIMO are shown in Table 1. All settings agree with the corresponding settings in [2] whenever definite parameters were provided in [2]. Table 1 also mentions the values assumed in this document when they were left as optional or unspecified in [2]. Also note the following clarifications regarding these settings:

Precoding and scheduling delays: The interpretation of these delays is as defined in [2].

Margin loop: The margin loop adjusts the offset to be applied to the receive SNR estimated on the secondary spatial stream before mapping the SNR to a TBS. The offset is increased by 0.0125dB upon successful decoding of a packet sent on the secondary spatial stream at or before the targeted number of HARQ attempts. The offset is decreased by 0.1125dB when such a packet has not decoded at the targeted number of HARQ attempts. The 3 TTI delay for margin loop refers to the decoding delay, i.e., a packet transmitted in TTI index n will be decoded at the end of TTI index n+3. Since the HARQ operating point assumption is targeting a particular BLER after the first HARQ attempt, the margin loop offset update occurs 3 TTI after the first HARQ transmission of every packet sent on the secondary spatial stream (i.e., on S-E-DPDCH).

Precoder selection for unquantized and practical precoding: The unquantized precoder scheme first identifies the temporal channel tap with maximum energy. Energy here is defined as the sum of energies of all the entries of the spatial channel matrix (i.e., across all receive antennas, for both primary and secondary spatial streams). Then, the unquantized precoder is the one corresponding to the SVD of the spatial channel matrix at this temporal tap. For simulations with quantized precoding, this document assumes a 2-bit phase quantized precoder codebook with 4 entries, identical to those of the HSDPA MIMO codebook. The precoder is chosen from this codebook to maximize the post-equalizer SNR on the primary stream assuming only one stream has been transmitted.

Rank adaptation: Rank is based on maximizing sum throughput subject to the ROT constraint.

Transport block size and βed/βc selection: The allowable transport block sizes (TBS) for SIMO and CLTD, and the allowable TBS on each stream for MIMO, are all the TBS corresponding to E-TFCI table 2 in [3], with the exception of the smallest TBS=18 (this is excluded since only Turbo-coding is used for all TBS). Each allowable TBS is associated with a value of DPCCH-boost, which decides the βed/βc value. The scheduler chooses the maximum possible TBS that will meet the ROT constraint. A detailed example illustrating the operation of the scheduler and the setting of the βed/βc value using the table mapping TBS to DPCCH-boost is provided in [4].

Table 1: Performance analysis simulation parameters.

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	Dependent on scheduled grant

	Modulation
	16QAM for TBS ≥ 8105, QPSK otherwise

	Noise rise target [dB]
	15, 10(*), 20(*)

	Number of physical data channels and spreading factor
	 During dual stream transmission: 2xSF2+2xSF4

Otherwise: Based on TBS and rate-matching parameters

	∆T2TP [dB] (Ratio of primary E-DPDCH power to the power of the phase reference for the primary stream)
	10 dB

	20*log10(βed/βc) [dB]
	As per scheduler table

	20*log10(βec/βc) [dB]
	-300dB [E-DPCCH boosting is not explicitly modeled, equivalent boosts are directly applied to DPCCH instead]

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0

	Power ratio between Secondary E-DPDCH and E-DPDCH (if rank 2 transmissions are scheduled) [dB]
	0

	Number of H-ARQ Processes
	8 [all are active]

	Target Number of H-ARQ Transmissions
	4

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



	Number of Rx Antennas
	2, 4

	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)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic : 4 slot FIR filter with one slot non-causal look-ahead, for both precoder selection and data demodulation. 

	Compensation of phase discontinuity
	Channel estimation filtering is performed after eliminating the effect of precoder; for both PCI selection and data demodulation

	Inner Loop Power Control
	ON [based on primary stream SNR]

	Outer Loop Power Control
	ON [based on primary stream decoding status]

	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 %

	Scheduling delay
	3 slots

	Delay for marginal loop 
	3 TTI

	Margin loop stepsizes [dB]
	+0.0125, -0.1125 

	Propagation Channel
	ITU PA3, VA3 (as defined in [2])

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	Precoder 
	Unquantized: SVD of max-energy channel tap. Practical: 2-bit phase quantization, maximize single stream post-equalizer SNR.

	Precoding Codebook Size
	2 [only applies for practical precoder simulations]

	Precoding Feedback Error Rate
	0

	Precoding Feedback Update Rate
	3 slots

	Precoding Feedback Delay
	3 slots

	Pilot channel design
	All control and data channels have same precoding vector as DPCCH, except for S-DPCCH and S-E-DPDCH (if transmitted), which have an orthogonal precoding vector.


3
Performance Analysis Results
3.1 
Results with 2 receive antennas at Node-B, PA3 channel
Table 2: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x2, PA3) 

	Rx Ec/No per Rx antenna [dB]
	5
	10
	15
	20

	SIMO baseline
	4786 
	7273
	8907
	9557

	CLTD unquantized PCI 

throughput gain %
	5274

10
	8075

11
	9480

6
	9973

4

	MIMO unquantized PCI
   throughput gain%
	5302
11
	8923
23
	12045
35
	13719
44

	CLTD 2-bit phase PCI
   throughput gain %
	5125
7
	7842
8
	9276
4
	9645
1

	MIMO 2-bit phase PCI
    throughput gain%
	5194
9
	8149
12
	10776
21
	12641
32


Table 3: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x2, PA3) 

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO baseline
	3728 
	6277
	8387
	9310

	CLTD  unquantized PCI
    throughput gain %
	5684

52
	8417

34
	9563

14
	10014

8

	MIMO unquantized PCI
   throughput gain%
	5700
53
	8775
40
	11802
41
	13505
45

	CLTD 2-bit phase PCI
    throughput gain %
	5199
39
	7898
26
	9301
11
	9647
4

	MIMO 2-bit phase PCI
   throughput gain%
	5229
40
	7864
25
	10419
24
	12351
33


3.2 
Results with 2 receive antennas at Node-B, VA3 channel
Table 4: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x2, VA3) 

	Rx Ec/No per Rx antenna [dB]
	5
	10
	15
	20

	SIMO baseline
	4290 
	6322
	7696
	8303

	CLTD  unquantized PCI
      throughput gain %
	4201

-2
	6084

-4
	7280

-5
	7786

-6

	MIMO unquantized PCI
      throughput gain%
	4219
-2
	6855
8
	9057
18
	10187
23

	CLTD 2-bit phase PCI
       throughput gain %
	4158
-3
	5986
-5
	7231
-6
	7765
-6

	MIMO 2-bit phase PCI

      throughput gain%
	4186
-2
	6755
7
	8909
16
	10099
22


Table 5: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x2, VA3) 

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO baseline
	3969 
	5990
	7527
	8220

	CLTD  unquantized PCI
      throughput gain %
	4499

13
	6296

5
	7403

-2
	7829

-5

	MIMO unquantized PCI 
    throughput gain%
	4494
13
	6807
14
	8971
19
	10136
23

	CLTD 2-bit phase PCI 
     throughput gain %
	4346
9
	6128
2
	7312
-3
	7804
-5

	MIMO 2-bit phase PCI
     throughput gain%
	4376
10
	6691
12
	8817
17
	10045
22


3.3 
Results with 4 receive antennas at Node-B, PA3 channel
Table 6: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x4, PA3)

	Rx Ec/No per Rx antenna [dB]
	5
	10
	15

	SIMO baseline
	6973
	9234
	9924

	CLTD  unquantized PCI
throughput gain %
	7159

3
	9344

1
	10033

1

	MIMO unquantized PCI
throughput gain%
	8932
28
	13845
50
	16955
71

	CLTD 2-bit phase PCI

throughput gain %
	7038
1
	9238
0
	9934
0

	MIMO 2-bit phase PCI
throughput gain%
	8577
23
	13395
45
	17030
72


Table 7: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x4, PA3)

	Tx Ec/No [dB]
	5
	10
	15

	SIMO baseline
	6400
	8955
	9812

	CLTD  unquantized PCI
throughput gain %
	7667

20
	9503

6
	10147

3

	MIMO unquantized PCI

throughput gain%
	8845
38
	13566
51
	16797
71

	CLTD 2-bit phase PCI
throughput gain %
	7333
15
	9366
5
	9992
2

	MIMO 2-bit phase PCI
throughput gain%
	8341
30
	13032
46
	16859
72


3.4 
Results with 4 receive antennas at Node-B, VA3 channel
Table 8: UE Throughput [kbps] as a function of Rx Ec/No: UL CLTD and UL MIMO (2x4, VA3) 

	Rx Ec/No per Rx antenna [dB]
	5
	10
	15
	20

	SIMO baseline
	6168 
	8069
	8922
	9205

	CLTD  unquantized PCI
      throughput gain %
	5994

-3
	7793

-3
	8697

-3
	9005

-2

	MIMO unquantized PCI

     throughput gain%
	7769
26
	11580
44
	14312
60
	15735
71

	CLTD 2-bit phase PCI
      throughput gain %
	5987
-3
	7841
-3
	8751
-2
	9085
-1

	MIMO 2-bit phase PCI

     throughput gain%
	7763
26
	11532
43
	14281
60
	15790
72


Table 9: UE Throughput [kbps] as a function of Tx Ec/No: UL CLTD and UL MIMO (2x4, VA3) 

	Tx Ec/No [dB]
	5
	10
	15
	20

	SIMO baseline
	5971
	7929
	8883
	9191

	CLTD  unquantized PCI
    throughput gain %
	6272

5
	7978

1
	8758

-1
	9026

-2

	MIMO unquantized PCI
   throughput gain%
	7766
30
	11493
45
	14250
60
	15713
71

	CLTD 2-bit phase PCI

    throughput gain %
	6207
4
	7995
1
	8801
-1
	9099
-1

	MIMO 2-bit phase PCI
   throughput gain%
	7669
28
	11449
44
	14206
60
	15752
71


3.5 
RxEcNo 90th percentile
The scheduler chooses packet sizes that ensure that the maximum RxEcNo constraint is not violated. However, limited scheduling opportunities due to packet retransmissions and effects of power-control and channel variations in between the scheduling instants cause the instantaneous RxEcNo to have a distribution which may include values exceeding the RxEcNo constraint. Table 10 shows the difference between the 90th percentile of RxEcNo measured per pilot-symbol (256 chips) and the RxEcNo constraint.

Table 10: Difference between 90th percentile RxEc/No [dB] and the max RxEc/No [dB] constraint. 

	Channel, #RX
	PA3, 2RX
	VA3, 2RX
	PA3, 4RX
	VA3, 4RX

	Average RxEcNo per Rx antenna (dB)
	5
	10
	15
	20
	5
	10
	15
	20
	5
	10
	15
	 
	5
	10
	15
	20

	SIMO
	2.8
	2.7
	2.5
	2.4
	2
	2
	1.8
	1.7
	2.2
	1.7
	1.8
	 
	1.8
	1.5
	1.4
	1.4

	CLTD unquantized
	2.1
	1.8
	1.6
	1.4
	1.9
	1.9
	1.8
	1.7
	1.7
	1.4
	1.2
	 
	1.7
	1.6
	1.4
	1.4

	MIMO, svd
	2.1
	2.1
	1.9
	2
	1.9
	1.9
	1.9
	1.9
	2
	1.5
	1.7
	 
	1.7
	1.7
	1.5
	1.4

	CLTD, 2bit Phase
	2.2
	1.9
	1.7
	1.8
	1.9
	1.9
	1.8
	1.8
	1.9
	1.4
	1.4
	 
	1.7
	1.5
	1.4
	1.4

	MIMO, 2bit Phase
	2.2
	2.4
	2.3
	2.3
	1.8
	1.9
	1.9
	1.9
	2.1
	1.8
	1.7
	 
	1.7
	1.7
	1.5
	1.4


4
Conclusions

We have presented a performance analysis for the UL-MIMO study item following the agreed-upon simulation assumptions in [2]. At 15 dB RxEc/No per Rx antenna, throughput gain percentages for UL-MIMO and UL-CLTD with respect to the SIMO baseline can be summarized as follows:
	Channel, #RX
	PA3, 2RX
	VA3, 2RX
	PA3, 4RX
	VA3, 4RX

	CLTD, unquantized PCI
	6
	-5
	1
	-3

	MIMO, unquantized PCI
	35
	18
	71
	60

	CLTD, 2-bit phase PCI
	4
	-6
	0
	-2

	MIMO, 2-bit phase PCI
	21
	16
	72
	60


Thus, UL-MIMO offers substantial throughput gains over UL-CLTD.
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