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1. Introduction

The topic of HSUPA MIMO, together with the related WI on HSUPA TX diversity has been discussed in RAN1 meetings since January 2011. An UL MIMO evaluation methodology, together with simulation results have been presented in recent meetings [1]-[5].

In this document, we present further link level simulation results. Our analysis covers single- and dual transport block modes for rank-2 transmission. In the latter case, we also simulate the layer shifting approach ‎[5][5]. The simulation methodology complies with approach D described in [2].

2. MIMO Rank-2 Transmission Options

An important aspect of UL MIMO design is whether rank-2 transmission should be accomplished using a single TB or two TBs and, in the latter case, whether the TBs are transmitted independently over the spatial channels or interleaved. Thus, the following candidate options can be distinguished:

· Option I – single TB transmission over the two spatial channels. An advantage of this architecture is a simplified HARQ protocol as well as signalling overhead reduction. For the considered implementation of this MIMO option, the modulation, spreading factors (SF), allocation of systematic and parity bits, and power allocation were same for the strong and weak spatial channels. An alternative approach with a more flexible adaptive distribution of some of the parameters between the spatial streams may provide some performance gain but will require additional control signaling (i.e. lose the main advantage of MIMO Option I). MIMO Option II considered next is supposed to realize a more adaptive approach. A disadvantage of MIMO Option I that it may be less suitable for a successive interference cancellation (SIC) receiver.

· Option II – dual TB transmission independently over the spatial streams. The advantage of the architecture is the flexibility to independently assign a different E-TFC to each spatial stream, i.e. to make an adaptation of data rate on each stream to maximize the throughput with the cost of additional overhead to signal the scheduling information and UL control related to the second stream. A SIC receiver can be effectively applied for MIMO Option II demodulation.

· Option III – dual stream transmission with the two TBs interleaved between the two spatial channels (as described in [5]). An advantage of the architecture is that since the propagation channel is equivalent for the two TBs the amount of needed control information can be reduced. Also, this architecture lends itself to a SIC receiver application.

Simulation results for the above options are presented below.

2.1. Simulation Methodology
The traditional approach to link-level simulations of UL WCDMA systems is to hold the E-TFC (no rate adaptation) and operate the ILPC and OLPC loops to measure the TX and RX signal powers required for the system operation. This approach may be not applicable to all options of the MIMO architecture. 

For example, for Option II MIMO, two TBs are sent in parallel over the two spatial streams. A single inner power control loop operates on the primary DPCCH. In this case, the standard approach can be applied to the primary data channel by keeping its rate constant and measuring the average TX and RX powers. But for the secondary channel, keeping the rate constant is not appropriate as the SINR and BLER in the second channel are not controlled and the second channel will have a varying SINR that may be higher or lower relative to the required SINR for the chosen E-TFC. 

To overcome the issue, a number of approaches to link-level simulation of UL MIMO have been proposed ‎[2]. Our methodology is closest to the Approach D of [2], which can be considered an extension of the idealized approach A and can be summarized as follows:

· Realistic inner and outer loop power control is simulated. A single inner and outer loop is active and operates on the primary stream. A control loop adjusting the E-TFC selection is in place for the secondary stream to ensure that the targeted BLER is met.

· Rate adaptation is on. Depending on the MIMO option I, II or III, this includes PCI and E-TFC selection for each stream. Given the RX Ec/N0 limitation, the E-TFC (or E-TFC pair) with the maximum throughput is selected so that the predicted BLER after the 1st transmission is no worse than 10%.
· Rank adaptation is on.

For all the simulation options, throughput gains of MIMO are simulated relative to the 1x2 SIMO and 2x2 CL-BFTD transmission modes.

2.2. Simulation Assumptions

Table 1. Simulation assumptions

	Parameter
	Value

	Physical channels
	E-DPDCH, DPCCH for SIMO 

E-DPDCH, DPCCH, S-DPCCH for CL-BFTD

E-DPDCH, S-E-DPDCH, DPCCH, S-DPCCH for MIMO

	T2TP
	Dependent on the E-TFC

	E-DCH TTI [ms]
	2

	Modulation
	16QAM for TBS ( 8105, QPSK otherwise

	TBS [bits]
	variable 120 – 22995 bits

(up to 45990 bits for MIMO Option I)

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	Number of H-ARQ processes
	8

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	estimated with [1 1 1] averaging over filter over 3 slots

	Inner loop power control
	On

	Outer loop power control
	On

	Number of TX weights
	4, phase only codebook with the weight for first antenna always equal to 1

	TX weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TX weight vector feedback delay
	4 slots

	TX weight vector feedback error rate
	No errors, ideal feedback

	TX weight vector update frequency
	3 slots 

	Scheduler delay
	4 slots

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type
	LMMSE, 2 RX antennas


2.3. Codebook

For CL-BFTD and MIMO simulations, the 4-entry phase code book was used. For the used codebook, the weight vector for the first (or primary) spatial stream [w1; w2] was taken as w1 = 1 for all the codebook entries and w2 is defined in the k-th entry of the codebook as:
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For the orthogonal secondary stream, the precoding vector [w3; w4] is calculated as:
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The two precoding vectors [w1; w2] and [w3; w4] are orthogonal.

2.4. E-TFC Set

The E-TFC set used for link-level simulations of SIMO, CL-BFTD, and MIMO Options II and III is shown in the following tables. The T2P ratios were separately derived for each transmission mode.

Table 2. Parameters of the E-TFC set used for SIMO and MIMO Option II simulations

	Data rate,
kbps
	TBS, bits
	Modu​lation
	SNR Es/N0, dB
	Realistic channel estimation

	
	
	
	
	20log10((ed/(c)
	20log10((ec/(c)

	60.0
	120
	QPSK
	-17.77
	2.61
	0

	796.5
	1593
	QPSK
	-7.71
	11.96
	9.26

	1428.0
	2856
	QPSK
	-5.16
	13.81
	11.28

	2456.5
	4913
	QPSK
	-2.67
	15.61
	13.19

	3429.5
	6859
	QPSK
	-0.49
	17.98
	15.65

	4052.5
	8105
	16QAM
	1.16
	19.82
	17.53

	4992.5
	9985
	16QAM
	2.57
	21.43
	19.16

	5658.0
	11316
	16QAM
	3.57
	22.63
	20.37

	7899.0
	15798
	16QAM
	6.51
	25.78
	23.54

	9731.0
	19462
	16QAM
	9.11
	30.57
	28.35

	11497.5
	22995
	16QAM
	15.67
	43.73
	41.51


Table 3. Parameters of the E-TFC set used for CL-BFTD simulations

	Data rate,
kbps
	TBS, bits
	Modu​lation
	SNR Es/N0, dB
	Realistic channel estimation

	
	
	
	
	20log10((ed/(c)
	20log10((ec/(c)

	60.0
	120
	QPSK
	-17.77
	2.61
	0

	796.5
	1593
	QPSK
	-7.71
	11.96
	5.70

	1428.0
	2856
	QPSK
	-5.16
	13.81
	7.94

	2456.5
	4913
	QPSK
	-2.67
	15.61
	9.97

	3429.5
	6859
	QPSK
	-0.49
	17.98
	12.52

	4052.5
	8105
	16QAM
	1.16
	19.82
	14.44

	4992.5
	9985
	16QAM
	2.57
	21.43
	16.10

	5658.0
	11316
	16QAM
	3.57
	22.63
	17.32

	7899.0
	15798
	16QAM
	6.51
	25.78
	20.51

	9731.0
	19462
	16QAM
	9.11
	30.57
	25.33

	11497.5
	22995
	16QAM
	15.67
	43.73
	38.50


Table 4. Parameters of the E-TFC set used for MIMO Option I simulations

	Data rate,
kbps
	TBS, bits
	Modu​lation
	SNR Es/N0, dB
	Realistic channel estimation

	
	
	
	
	20log10((ed/(c)
	20log10((ec/(c)

	60.0
	120
	QPSK
	-17.71
	3.35
	0

	796.5
	1593
	QPSK
	-7.69
	13.37
	10.81

	1428.0
	2856
	QPSK
	-5.14
	15.92
	13.51

	2456.5
	4913
	QPSK
	-2.86
	18.20
	15.87

	3429.5
	6859
	QPSK
	-1.39
	19.67
	17.37

	4052.5
	8105
	16QAM
	0.77
	21.83
	19.57

	4992.5
	9985
	16QAM
	1.77
	22.83
	20.58

	5658.0
	11316
	16QAM
	2.42
	23.48
	21.23

	7899.0
	15798
	16QAM
	4.05
	25.11
	22.87

	9731.0
	19462
	16QAM
	5.45
	26.51
	24.28

	11497.5
	22995
	16QAM
	6.55
	27.61
	25.38

	15330.0
	30660
	16QAM
	9.28
	30.34
	28.12

	19162.5
	38325
	16QAM
	11.95
	33.01
	30.79

	22995.0
	45990
	16QAM
	18.64
	39.70
	37.48


Table 5. Parameters of the E-TFC set used for Option III simulations

	Data rate,
kbps
	TBS, bits
	Modu​lation
	SNR Es/N0, dB
	Realistic channel estimation

	
	
	
	
	20log10((ed/(c)
	20log10((ec/(c)

	60.0
	120
	QPSK
	-17.77
	8.61
	5.26

	796.5
	1593
	QPSK
	-7.71
	17.96
	15.63

	1428.0
	2856
	QPSK
	-5.16
	19.81
	17.52

	2456.5
	4913
	QPSK
	-2.67
	21.61
	19.34

	3429.5
	6859
	QPSK
	-0.49
	23.98
	21.73

	4052.5
	8105
	16QAM
	1.16
	25.82
	23.58

	4992.5
	9985
	16QAM
	2.57
	27.43
	25.20

	5658.0
	11316
	16QAM
	3.57
	28.63
	26.40

	7899.0
	15798
	16QAM
	6.51
	31.78
	29.56

	9731.0
	19462
	16QAM
	9.11
	36.57
	34.35

	11497.5
	22995
	16QAM
	15.67
	49.73
	47.51


3. Simulation Results

Simulation results are given in this section. Initially, we focus on the case where rank-2 transmission is enforced in the case of MIMO options I, II and III. In the next step, rank adaptation is also performed in the case of the MIMO options.

3.1. Simulation Results without Rank Adaptation

The throughputs for different transmission modes can be found in Figure 1 and Figure 2.

In general, the throughputs are somewhat lower than those obtained with the idealized approach A [6], but the relative performances are similar, with MIMO option II outperforming options I and III in the Pedestrian A channel.
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Figure 1. Link throughputs of different transmission modes, PedA 3 km/h.
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Figure 2. Link throughputs of different transmission modes, VehA 3 km/h.

3.2. Simulation Results with Rank Adaptation

Simulation results for adaptive rank selection for MIMO Options I – III are provided in Figure 3 and Figure 4. 

Figure reveals some surprising tendencies for MIMO options I and III, where fixed rank transmission occasionally outperforms adaptive rank transmission. This is due to the fact that for these modes the beta factors were optimized separately for rank-1 (i.e. CL beamforming) and rank-2 transmissions; unlike in the case of MIMO option II, this gave rise to a significant post-receiver SINR target variation when switching rank and, consequently, a performance deterioration.
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Figure 3. Throughput of the MIMO modes with fixed rank = 2 and adaptive rank (1 or 2) selection,
PA3 channel.
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Figure 4. Throughput of the MIMO modes with fixed rank = 2 and adaptive rank (1 or 2) selection,
VA3 channel.

4. Conclusion

In this contribution, we evaluated the link level performance of a number of MIMO options against single stream transmission references using the evaluation methodology D. The observed throughputs are somewhat lower than those obtained with the idealized approach A [6], but the relative performances are similar, with MIMO option II outperforming options I and III in the Pedestrian A channel and all options I, II and III performing similarly in the Vehicular A channel.
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