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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] - ‎[8].

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]. 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 rank-2 transmission. The main advantage of this architecture is a low control signalling overhead: it is sufficient to indicate a single E-TFC and, possibly, the transmission rank in uplink, whilst the only additionally required signaling in DL is possibly the transmission rank. In addition, the number of HARQ processes does not increase for rank-2, compared to rank-1 transmission. For maximum simplicity, the modulation, OVSF code allocation, systematic and parity bit mapping, as well as power allocation should be the same for the strong and weak spatial channels. An alternative approach, with a more flexible distribution of some of the parameters between the spatial streams might provide some performance gains but would require additional control signalling, thus losing the main advantage of the single TB option. Disadvantages of Option I include a poor channel adaptation ability in the case of a significant imbalance between the MIMO spatial streams, as well as the fact that it is not suitable for successive interference cancellation (SIC) based reception.

· Option II – dual TB rank-2 transmission, independently over the spatial streams. The advantage of this 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 in order to maximize the throughput, at the cost of the overhead to signal the scheduling and HARQ-related information associated with each stream in UL and the ACK/NACK for each stream in DL. Dual TB transmission is well suited for SIC based reception.

· Option III – dual TB rank-2 transmission, TBs interleaved between the two spatial channels. This can be viewed as a hybrid between options I and II above. Due to the interleaving, each transport block is transmitted over the same channel conditions, corresponding to an average over the two spatial streams. This negatively affects the performance as the ability to adapt to channel conditions in compromised, in a similar manner to Option I. Two CRCs are present so this architecture lends itself to SIC; at the same time, a high correlation between the TB CRC outcomes is expected in the receiver, indicating little opportunity for SIC to improve link performance. In terms of signalling, the HARQ overhead is the same as in the case of Option II. The amount of scheduling information for Option III lies between that of Option I at the minimum and Option II at the maximum.

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. In addition, for MIMO Option II, 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.

The block diagram of the simulations using the simulation approach D is shown in Figure 1.
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Figure 1. Block diagram of the LLS simulations using Approach D

For the CL-BFTD and MIMO modes, different TX weight vector alternatives are tested at the scheduling process to select the one providing the maximum DPCCH SINR (the maximum SINR of the primary spatial stream).

For all the simulation options, throughput gains of MIMO are simulated relative to the SIMO and CL-BFTD transmission modes. The 2x2 (1x2 for SIMO) and 2x4 (1x4 for SIMO) antenna configurations are considered.
2.2. Simulation Assumptions

Table 1. Simulation assumptions

	Parameter
	Value

	Physical channels
	DPCCH, E-DPCCH, and E-DPDCH 
for SIMO;

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

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

	T2TP
	(10 dB (depending on the E-TFC)

	E-DCH TTI [ms]
	2

	Modulation
	16QAM for TBS ( 8105, QPSK otherwise

	TBS [bits]
	Variable 120 – 22995 bits (and 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
	Ideal, realistic with [1 1 1] averaging over three slots, MRC of channel estimates from DPCCH and E-DPCCH

	Inner loop power control
	On

	Outer loop power control
	On

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

	PCI selection
	Testing of all hypotheses to maximize the primary stream SINR

	PCI feedback delay
	4 slots

	PCI error rate
	No errors, ideal feedback

	PCI update frequency
	3 slots

	Scheduler delay
	4 slots

	Delay for additional control loop
 of MIMO Option II
	4 slots

	Control loop 
for MIMO Option II stepsizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type, number of RX antennas
	LMMSE, 2 RX antennas or 4 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. Physical Channel Structure

The structure of the physical channels used for LLS for the MIMO transmission (all options) is shown in Figure 2. For CL-BFTD, the S-E-DPDCH channel over the second spatial stream is not transmitted and, for SIMO, only the DPCCH, E-DPCCH, and E-DPDCH channels are present and are sent using a single antenna.
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Figure 2. Physical channels structure used for LLS simulations 

The DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, S-E-DPDCH channels are simulated. In the considered simulation scenario, the S-E-DPCCH is included and is precoded with the secondary weight vector. The power of the S-DPCCH is taken equal to the power of the DPCCH ((c1 = (c2 = (c), and the power of S-E-DPCCH equal to E-DPCCH ((ec1 = (ec2 = (ec) so that phase references over the two spatial channels have equal powers. For the S-E-DPDCH, the power is also equal to that of the E-DPDCH ((ed1 = (ed2 = (ed). Selection of the (c, (ec, and (ed for the E-TFC set used in the simulations is considered in Section ‎2.7 below.
2.5. H-ARQ Operation Description

The generalization of the H-ARQ protocol is required for the MIMO transmission and the protocol operation may be different for different MIMO options. This section describes the H-ARQ protocol implementation used in the simulations for MIMO Options I – III.

The first principle used for all MIMO options is that no rank switching between rank-2 to rank-1 is done at a MIMO retransmission.

For MIMO Option I, the H-ARQ operation is straightforward and is aligned with the SIMO and CL-BFTD modes. In case of a retransmission, the UE is assigned the same transmission grant as for the initial transmission.

For MIMO Options II and III, a separate HARQ process is associated with every new TB arriving from the MAC layer. In the case of rank-2 transmission, a CRC failure on one of the TBs triggers a retransmission on the affected HARQ process, without affecting other processes. However, special rules are in place regarding the grants (β-factors) in a retransmission:

· For MIMO Option II, if only the primary TB was decoded incorrectly then a rank-2 retransmission with the same β-factors is scheduled but the secondary TB size is reselected for the current post-receiver SINR. If errors occur in both TBs or in the secondary TB only, then a rank-2 retransmission with the same β-factors and TB sizes is scheduled.

· For MIMO Option III, in case of an error in any of the two transmitted TBs, a rank-2 retransmission (in the case of two CRC failures) or rank-2 retransmission and first transmission (in the case of one CRC failure) with the same transmit grant (β-factors) and the TB sizes as in the original transmission is scheduled.

2.6. Scheduling Procedure Description

For the approach D simulations, the scheduling algorithm is executed each TTI in order to select a transmission grant (equivalent to some E-TFC in the used E-TFC set) for the UE.

An initial input to the scheduling algorithm is the target RoT value RoTtrg that is used to calculate the target received power Ptrg as:
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Where N is the receiver noise power. Then, at each TTI, the scheduling process includes the next steps:

1. First, if a retransmission is scheduled for the TTI, the transmission grant is kept the same as for the original transmission. In case of a single TB retransmission for MIMO Options II and III conveying 2 TBs in one TTI, the H-ARQ protocol operation rules described in Section ‎2.5 are applied.

2. If a retransmission is not scheduled, then the second step needs to calculate the actual DPCCH received power for either a single spatial stream (for the SIMO transmission) or both spatial streams (the CL-BFTD and MIMO modes). The calculation is based on the knowledge of the current total received (pre-equalizer) power and the ratio κ of the DPCCH pilot power to the transmitted power of the E-DPDCH and E-DPCCH channels in a particular spatial stream. Since the scheduling mechanism has a two TTI delay (between the scheduling grant determination by the NodeB and its application by the UE) the power ratio κ has to be taken for the grant selected two TTIs before and currently being received (κprev).

The received DPCCH pilot power for the current TTI 
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a. For the SIMO case:
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where 
[image: image8.wmf]curr
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 is the total received power for the current TTI.

b. For the CL-BFTD and MIMO cases where the transmission is done over the two spatial streams, the NodeB also estimates the power ratio of the received powers of the strong and weak spatial channels R .This ratio includes both the difference of the transmit power between the streams (if any) and the different propagation losses of the primary and secondary spatial channels. Then the DPCCH and S-DPCCH received powers are:
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where κpprev and κsprev are the ratios as introduced above for the primary and secondary channels respectively. For the MIMO rank-2 modes, κpprev = κsprev, though for the CL-BFTD κpprev ( κsprev.
3. The grant value is selected by testing different E-TFCs and estimating the received power of the ​i-th E-TFC as:

	
[image: image11.wmf]curr

DPCCH

S

i

s

curr

DPCCH

i

p

i

P

P

P

-

×

+

×

=

k

k


	(6)


Then the E-TFC providing the maximum throughput among all the E-TFC meeting the target power requirement Pi ( Ptrg is selected. For adaptive rank simulations, both the rank-1 and rank-2 E-TFCs are considered using the same procedure. 

Selecting the E-TFC provides the grant values for all transmission modes except for MIMO Option II. For MIMO Option II, the E-TFC selection using the power-based scheduling in accordance with (6) provides the grant only for the primary spatial channel. In addition, the E-TFC for the second stream needs to be selected. 

To select the E-TFC of the second channel in MIMO Option II, the post-receiver SINR for the second spatial channel is estimated as the difference of the post-receiver SINR required by the E-TFC selected for the primary spatial channel (to operate at the target BLER level) and the measured difference of the post-receiver SINR of the two spatial streams. Then the E-TFC providing the maximum throughput is selected among all the E-TFCs that require for their operation at the target BLER level the post-receiver SINR not higher than estimated as described above. As explained in the E-TFC set design section, power-based scheduling tends to be biased towards rank-2 selection because of different propagation losses for the two spatial channels. To partially compensate for this effect, the MIMO Option II adaptive rank scheduler selects the rank-1 transmission as long as the advantage of the rank-2 predicted throughput over the rank-1 predicted throughput does not exceed a pre-calculated threshold value.

4. The selected grant is assigned (fed back) to the UE.

2.7. E-TFC Set

The E-TFC set design required careful optimization, which is described in this subsection.

2.7.1. SIMO and MIMO Option II Rank-2 Transmission

The parameters of the E-TFC set used for the simulations of the SIMO and rank-2 MIMO II transmission modes are shown in Table 2. The first column of the table is the data rate of the corresponding E-TFC. The second column shows the TB size. The type of the used modulation (either QPSK or 16QAM) is provided in the third column. 

The fourth column shows the post-receiver per symbol SNR (Es/N0) required for 10% BLER demodulation after the 1st transmission of the corresponding E-TFC measured in the AWGN channel and increased by the amount of the degradation due to realistic channel estimation provided for different E-TFCs in Table 3. (The degradations were estimated as average degradations for the Pedestrian A and Vehicular A channels). The (ed/(c and (ec/(c ratios in dB are given in the fifth and sixth columns of Table 2. 
Table 2. Parameters of the E-TFC set used for SIMO and MIMO Option II rank-2 simulations

	Data rate, kbps
	TBS, bits
	Modu​lation
	SNR Es/No for realistic channel estimation, dB
	Realistic channel estimation

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

	60.0
	120
	QPSK
	 -12.45
	2.61
	0

	796.5
	1593
	QPSK
	-3.10
	11.96
	9.26

	1428.0
	2856
	QPSK
	 -1.25
	13.81
	11.28

	2456.5
	4913
	QPSK
	 0.55
	15.61
	13.19

	3429.5
	6859
	QPSK
	 2.92
	17.98
	15.65

	4052.5
	8105
	16QAM
	4.76
	19.82
	17.53

	4992.5
	9985
	16QAM
	6.37
	21.43
	19.16

	5658.0
	11316
	16QAM
	7.57
	22.63
	20.37

	7899.0
	15798
	16QAM
	10.72
	25.78
	23.54

	9731.0
	19462
	16QAM
	15.51
	30.57
	28.35

	11497.5
	22995
	16QAM
	28.67
	43.73
	41.51


Table 3. Per-symbol SNR degradation due to realistic channel estimation used for the (-coefficients design for the SIMO, CL-BFTD and MIMO Option II transmission modes

	Data rate, kbps
	TBS, bits
	Modu​lation
	Per-symbol SNR degradation due to realistic channel estimation, dB

	
	
	
	

	60.0
	120
	QPSK
	2.3

	796.5
	1593
	QPSK
	1.6

	1428.0
	2856
	QPSK
	0.9

	2456.5
	4913
	QPSK
	0.2

	3429.5
	6859
	QPSK
	0.4

	4052.5
	8105
	16QAM
	0.6

	4992.5
	9985
	16QAM
	0.8

	5658.0
	11316
	16QAM
	1.0

	7899.0
	15798
	16QAM
	1.2

	9731.0
	19462
	16QAM
	3.4

	11497.5
	22995
	16QAM
	10.0


The (ed/(c ratios calculation is based on the SNR values provided in Table 2 and the assumption of the post-receiver DPCCH Es/N0 equal to 3 dB.

The (ec/(c design rules are to fix the Traffic-to-Total Pilot (T2TP) ratio to 10 dB and to provide the E-DPCCH power to be no less than the DPCCH power. The T2TP is calculated as:
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where Np is equal to 6 for all the E-TFCs of the used E-TFC set.

As a result, the T2TP is equal to 10 dB for all E-TFCs except for the smallest one with the (ec/(c selected accordingly. For the lowest E-TFC of TBS = 120 bit, (ec = (c and the T2TP = 7.4 dB.

For MIMO Option II rank-2 transmissions, the same (-coefficients as for the SIMO are used for the primary and secondary spatial channels to set the symmetrical channels DPCCH and S-DPCCH, E-DPCCH and S-E-DPCCH, E-DPDCH and S-E-DPDCH.
2.7.2. CL-BFTD and MIMO Rank-1 Transmission

The (-coefficient set for the CL-BFTD mode is provided in Table 4. The same set is also used for rank-1 transmissions for all MIMO options.

Table 4. Parameters of the E-TFC set used for CL-BFTD and MIMO rank-1 simulations

	Data rate, kbps
	TBS, bits
	Modu​lation
	SNR Es/No for realistic channel estimation, dB
	Realistic channel estimation

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

	60.0
	120
	QPSK
	 -12.45
	2.61
	0

	796.5
	1593
	QPSK
	-3.10
	11.96
	5.70

	1428.0
	2856
	QPSK
	 -1.25
	13.81
	7.94

	2456.5
	4913
	QPSK
	 0.55
	15.61
	9.97

	3429.5
	6859
	QPSK
	 2.92
	17.98
	12.52

	4052.5
	8105
	16QAM
	4.76
	19.82
	14.44

	4992.5
	9985
	16QAM
	6.37
	21.43
	16.10

	5658.0
	11316
	16QAM
	7.57
	22.63
	17.32

	7899.0
	15798
	16QAM
	10.72
	25.78
	20.51

	9731.0
	19462
	16QAM
	15.51
	30.57
	25.33

	11497.5
	22995
	16QAM
	28.67
	43.73
	38.50


For the CL-BFTD, the T2TP calculated relative to the power of both pilots on the primary and secondary channels is fixed to 10 dB:
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Thus, the difference between Table 2 and Table 4 is that, in the latter case, the (ec/(c ratio is set taking the pilot signals on both spatial streams for “total pilot”.

2.7.3. MIMO Option I Rank-2 Transmission

The (-coefficient set for MIMO Option I is shown in Table 5.

Table 5. Parameters of the E-TFC set used for MIMO Option I rank-2 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


For MIMO Option I, the (-factors are designed as follows. The simulations in the AWGN channel are performed for MIMO Option I. The 10% BLER SNR points are found for each TBS. Then the (-factors can be calculated from these SNR points as explained, for example, for the SIMO E-TFC set. However, an additional modification is performed as follows.

Considering rank-1 and rank-2 transmissions and the exploited power based scheduling approach, it may be seen that for a rank-1 transmission, most of the transmitted power will go into the strong spatial stream and for a rank-2 transmission, half of the transmitted power will go into the strong spatial stream and another half of the transmitted power will go into the weak spatial stream. Because of half of the power going through the weak spatial stream, a lower RX Ec/No will be predicted by the scheduler and the scheduling process will be biased towards selecting rank-2 transmissions more frequently than needed for the optimal strategy (that was found to be a common problem of all MIMO modes not limited to MIMO Option I, but also observed for MIMO Options II and III). 

To counteract the biasing, rank-1 transmissions can be prioritized by shifting (increasing) the (ed-factors of rank-2 transmissions, relative to rank-1 transmissions; to force the scheduler to select rank-1 (CL-BFTD) transmissions more frequently. The 6 dB increase of (ed-factors (relative to the ones found from the AWGN simulations) was taken for the final E-TFC set shown in Table 5.

2.7.4. MIMO Option III Rank-2 Transmission

Table 6 shows the E-TFC set for MIMO Option III.

Table 6. Parameters of the E-TFC set used for Option III rank-2 simulations

	Data rate, kbps
	TBS, bits
	Modu​lation
	SNR Es/No for realistic channel estimation, dB
	Realistic channel estimation

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

	60.0
	120
	QPSK
	 -12.45
	8.61
	5.26

	796.5
	1593
	QPSK
	-3.10
	17.96
	15.63

	1428.0
	2856
	QPSK
	 -1.25
	19.81
	17.52

	2456.5
	4913
	QPSK
	 0.55
	21.61
	19.34

	3429.5
	6859
	QPSK
	 2.92
	23.98
	21.73

	4052.5
	8105
	16QAM
	4.76
	25.82
	23.58

	4992.5
	9985
	16QAM
	6.37
	27.43
	25.20

	5658.0
	11316
	16QAM
	7.57
	28.63
	26.40

	7899.0
	15798
	16QAM
	10.72
	31.78
	29.56

	9731.0
	19462
	16QAM
	15.51
	36.57
	34.35

	11497.5
	22995
	16QAM
	28.67
	49.73
	47.51


MIMO Option III experienced the same problem of the adaptive rank scheduling being biased towards more frequent selection of rank-2 transmissions. The same approach to compensate for this bias was used as for MIMO Option I and the E-TFC set of MIMO Option III shown in Table 6 is the E-TFC set of SIMO/MIMO Option II shifted by 6 dB to prioritize rank-1 transmissions.

2.7.5. 2x4 Antenna Configuration

All the parameters of the E-TFC sets design presented above relate to the 2x2 antenna configuration. For the 2x4 antenna configuration, it was taken into account that the degradation due to realistic channel estimation is actually lower for the 2x4 antennas configuration than for the 2x2 configuration. The difference is important for the highest E-TFC where the degradation of the 2x2 antenna configuration is 10 dB. For the 2x4 antenna configuration, the degradation due to realistic channel estimation accounted in the (-factors design was equal to 5 dB (i.e. lower by 5 dB in comparison with the case of the 2x2 antenna configuration). This is reflected in the parameters of the highest E-TFC for SIMO, CL-BFTD, and MIMO Option II transmission modes that were simulated for the 2x4 antenna configuration shown in Table 7.

Table 7. Parameters of the highest E-TFC of the SIMO, CL-BFTD, and MIMO Option II transmission mode the for 2x4 antenna configuration

	Mode
	Data rate, kbps
	TBS, bits
	Modulation
	SNR Es/No for realistic channel estimation, dB
	Realistic channel estimation

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

	SIMO
	11497.5
	22995
	16QAM
	23.67
	38.73
	36.51

	CL-BFTD
	11497.5
	22995
	16QAM
	23.67
	38.73
	33.50

	MIMO Option II
	11497.5
	22995
	16QAM
	23.67
	38.73
	36.51


3. Simulation Results

Simulation results are given in this section. The 2x2 (1x2 for SIMO) and 2x4 (1x4 for SIMO) antenna configurations are considered.

3.1. Simulation Results for 2x2 Antenna Configuration

The throughputs for different transmission modes for the 2x2 antenna configuration (1x2 for SIMO) can be found in Table 8 and Figure 3 for the PA3 channel model and Table 9 and Figure 4 for the VA3 channel model.

Table 8. Link throughput as a function of Rx Ec/No: 1x2 SIMO, 2x2 CL-BFTD, and 2x2 MIMO Options I – III, PA3 Channel

	Throughput, kbps

	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	SIMO
	2643
	4846
	7042
	8691
	8693

	CL-BFTD
	2820
	4975
	7126
	8202
	8270

	MIMO - I
	2820
	5011
	6845
	9252
	10935

	MIMO - II
	2822
	5086
	7811
	10771
	12460

	MIMO - III
	2833
	4895
	6861
	9518
	11067


Table 9. Link throughput as a function of Rx Ec/No: 1x2 SIMO, 2x2 CL-BFTD, and 2x2 MIMO Options I – III, VA3 Channel

	Throughput, kbps

	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	SIMO
	2323
	4335
	6512
	8409
	8787

	CL-BFTD
	2471
	4488
	6442
	7644
	8049

	MIMO - I
	2524
	4563
	6348
	8705
	10384

	MIMO - II
	2528
	4571
	6951
	9785
	11681

	MIMO - III
	2500
	4527
	5987
	9160
	11140


[image: image14.emf]0 2 4 6 8 10 12 14 16 18 20

0

2000

4000

6000

8000

10000

12000

14000

Pre-receiver RX Ec/N0, dB

Throughput, kbps

PA3

 

 

SIMO

CL-BFTD

MIMO option I

MIMO option II

MIMO option III


Figure 3. Link throughputs of different transmission modes, PedA 3 km/h, 2x2 (1x2) antenna configuration
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Figure 4. Link throughputs of different transmission modes, VehA 3 km/h, 2x2 (1x2) antenna configuration

Simulated average TX Ec/No and 90th percentile RX Ec/No values as functions of the target RX Ec/No are provided in Table 10 - Table 13.
Table 10. Average Tx Ec/No as a function of the target Rx Ec/No for 1x2 SIMO, 2x2 CL-BFTD, and 2x2 MIMO Options I-III transmission modes, PedA 3 km/h

	Average Tx Ec/No, dB
	Target Rx Ec/No, dB

	
	5
	10
	15
	20

	SIMO
	5.9
	10.2
	17.8
	17.6

	CL-BFTD
	3.3
	7.0
	15.0
	24.8

	MIMO I
	 2.9
	 10.9
	 16.9
	 24.9

	MIMO II
	5.9
	11.5
	15.6
	20.7

	MIMO III
	 3.6
	 10.5
	 16.7
	 24.8


Table 11. Average Tx Ec/No as a function of the target Rx Ec/No for 1x2 SIMO, 2x2 CL-BFTD, and 2x2 MIMO Options I-III transmission modes, VehA 3 km/h

	Average Tx Ec/No, dB 
	Target Rx Ec/No, dB

	
	5
	10
	15
	20

	SIMO
	4.6
	8.8
	13.3
	14.4

	CL-BFTD
	3.9
	8.4
	14.2
	20.0

	MIMO I
	3.7
	9.2
	16.1
	23.0

	MIMO II
	4.8
	10.3
	15.6
	22.8

	MIMO III
	3.7
	10.0
	15.1
	21.6


Table 12. 90th percentile RxEc/No as a function of the target Rx Ec/No for 1x2 SIMO, 2x2 CL-BFTD, and 2x2 MIMO Options I-III transmission modes, PedA 3 km/h

	90th percentile RxEc/No, dB
	Target Rx Ec/No, dB

	
	5
	10
	15
	20

	SIMO
	6.8
	9.8
	13.3
	13.9

	CL-BFTD
	6.9
	9.9
	15,7
	23.2

	MIMO I
	6,9
	13,2
	19,1
	24,6

	MIMO II
	7.7
	11.5
	16.5
	21.2

	MIMO III
	7,1
	13,2
	18.0
	23,8


Table 13. 90th percentile RxEc/No as a function of the target Rx Ec/No for 1x2 SIMO, 2x2 CL-BFTD, and 2x2 MIMO Options I-III transmission modes, VehA 3 km/h

	90th percentile RxEc/No, dB
	Target Rx Ec/No, dB

	
	5
	10
	15
	20

	SIMO
	6.9
	10.5
	15.0
	16.1

	CL-BFTD
	7.4
	11.4
	17.6
	22.2

	MIMO I
	7,4
	12,7
	19
	24,4

	MIMO II
	8.2
	11.8
	17.4
	23.4

	MIMO III
	7,4
	13,7
	17,7
	23,2


3.2. Simulation Results for 2x4 Antenna Configuration

The throughputs for different transmission modes for the 2x2 antenna configuration (1x2 for SIMO) can be found in Table 14 and Figure 5 for the PA3 channel model and Table 15 and Figure 6 for the VA3 channel model.
Table 14. Link throughput as a function of Rx Ec/No: 1x4 SIMO, 2x4 CL-BFTD, and 2x4 MIMO Option II, 
PA3 Channel

	Throughput, kbps

	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	SIMO
	3746
	6675
	8823
	10313
	10441

	CL-BFTD
	4424
	6877
	8626
	9910
	10223

	MIMO - II
	4519
	8059
	12415
	14643
	19318


Table 15. Link throughput as a function of Rx Ec/No: 1x4 SIMO, 2x4 CL-BFTD, and 2x4 MIMO Option II, 
VA3 Channel

	Throughput, kbps

	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	SIMO
	3746
	6258
	8800
	9911
	10446

	CL-BFTD
	4166
	6668
	8723
	9855
	10410

	MIMO - II
	4293
	7967
	12020
	15482
	19295
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Figure 5. Link throughputs of different transmission modes, PedA 3 km/h, 2x4 (1x4) antenna configuration
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Figure 6. Link throughputs of different transmission modes, VehA 3 km/h, 2x4 (1x4) antenna configuration

Simulated average TX Ec/No and 90th percentile RX Ec/No values as functions of the target RX Ec/No are provided in Table 16 - Table 19.
Table 16. Average Tx Ec/No as a function of the target Rx Ec/No for 1x4 SIMO, 2x4 CL-BFTD, and 2x4 MIMO Option II transmission modes, PedA 3 km/h

	Average Tx Ec/No, dB
	Target Rx Ec/No, dB

	
	0
	5
	10
	15
	20

	SIMO
	0.3
	3.8
	7.1
	13.5
	13.9

	CL-BFTD
	0.9
	2.9
	8.2
	13.2
	14.3

	MIMO II
	0.2
	4.1
	7.9
	10.0
	16.5


Table 17. 90th percentile RxEc/No as a function of the target Rx Ec/No for 1x4 SIMO, 2x4 CL-BFTD, and 2x4 MIMO Option II transmission modes, VehA 3 km/h

	Average Tx Ec/No, dB
	Target Rx Ec/No, dB

	
	0
	5
	10
	15
	20

	SIMO
	0.7
	3.6
	7.3
	12.6
	14.4

	CL-BFTD
	0.9
	3.2
	7.7
	12.6
	14.3

	MIMO II
	0.5
	4.0
	7.7
	10.6
	17.5


Table 18. 90th percentile RxEc/No as a function of the target Rx Ec/No for 1x4 SIMO, 2x4 CL-BFTD, and 2x4 MIMO Option II transmission modes, PedA 3 km/h

	90th percentile RxEc/No, dB
	Target Rx Ec/No, dB

	
	5
	10
	15
	20

	SIMO
	6.7
	8.9
	14.5
	14.8

	CL-BFTD
	6.8
	10.7
	15.5
	16.6

	MIMO II
	6.8
	10.1
	11.6
	17.6


Table 19. 90th percentile RxEc/No as a function of the target Rx Ec/No for 1x4 SIMO, 2x4 CL-BFTD, and 2x4 MIMO Option II transmission modes, VehA 3 km/h

	90th percentile RxEc/No, dB
	Target Rx Ec/No, dB

	
	5
	10
	15
	20

	SIMO
	6.9
	10.5
	15.0
	16.1

	CL-BFTD
	7.4
	11.4
	17.6
	22.2

	MIMO II
	7.9
	11.5
	16.5
	23.0


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. A description of the used simulation assumptions and algorithms was provided. The MIMO option II was found to have the best performance in both the Pedestrian A and Vehicular A channels.
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