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1 Introduction
In this document, we evaluate the impact of operating 2x2 MIMO transmission schemes on the throughput and CQI reporting of Rel5 legacy UEs with receiver Type III architecture (receive diversity & linear equalizer). According to the agreed process on further MIMO evaluation for Rel-7 in [1], a 2 Tx-antenna MIMO scheme shall be selected for further performance evaluation during the present RAN1 meeting. It was noted in [1] that the selected MIMO scheme should allow for coexistence of MIMO and non-MIMO UEs on the same carrier. In order to gain a better understanding of this issue, we provide simulation results according to the compatibility assessment framework outlined in the MIMO technical report [2].
2 Simulation Assumptions

The simulation assumptions used during production of compatibility assessment results are in line with the agreed set of simulation assumptions in Annex A.2.1.8 of [2]. The principle simulation setup is given in Figure 1 (see also [2]). Three separate Node B signals are transmitted via three different radio channels according to the SCM definitions in [3] to a reference UE (Rel-5 UE). The impact on the link quality and the reporting behaviour of the legacy UE shall be compared between operation without MIMO and the case when the Node Bs are using 2 Tx antenna MIMO techniques to serve other UEs.

In this study we were focusing on the impact of HS-DSCH throughput and CQI reporting statistics of the reference legacy UE.  According to [2], each of the Node Bs is serving four different UEs with HS-PDSCH packet transmissions which are scheduled randomly and with equal probability. The scope of the simulations was to find out whether the use of 2 Tx MIMO transmission for other UEs would cause any degradation of the link throughput or the CQI reporting statistics of the reference legacy UE. For that purpose, three different cases were studied:
· Legacy only operation: No MIMO transmission was used. All UEs were scheduled in STTD mode. The architecture of the reference legacy UE was assumed to be a Type III receiver (dual receive antenna diversity & linear equalizer). This is the reference case (label STTD is used later on for this case)
· Legacy operation & 2 Tx antenna PARC transmission: While 50% of the UEs were scheduled in STTD mode, the remaining 50% were scheduled using 2 transmit streams according to the PARC MIMO scheme. The CQI feedback of the reference legacy UE is generated and fed back with 100% duty cycle, i.e. also during the time when other UEs are scheduled. The label STTD & PARC is used to refer to this case later on.
· Legacy operation & 2 Tx antenna SPARC transmission: This is the same as the previous case, except that in TTIs when a MIMO transmission was scheduled, the full spatial multiplexing (full rank transmission, i.e. in this case 2 stream transmission) was only used in 50% of these TTIs. In the remaining 50% of MIMO TTIs, only a single transmit antenna was used to serve the corresponding MIMO UE. This reflects the antenna selection property of the SPARC scheme. This case is referred to STTD & SPARC in what follows.
According to [2], interference from other cells (other than the three explicitly modelled cells) is assumed to be spatially and spectrally white noise. The channel model for modelling the three links from the different simulated Node Bs to the reference legacy UE was assumed to be the Urban Macro model for simulations according to Section 5 in the SCM document [3]. The speed of the reference legacy UE was assumed to be 3 km/h. Channel estimation was assumed to be realistic (no ideal channel knowledge). The reference legacy UE was assumed to be a Category 8 UE (10 codes). The default total HS-PDSCH power was approximately 40% of the Node B (-4 dB Ec/Ior). An alternative value of 67% (-1.75 dB Ec/Ior) was also simulated. All other power levels are according to Table A.2.1.8.2 in [2].
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Figure 1. Compatibility asessment simulation setup.
As defined in [2], five different scenarios regarding the relative link gains and the additional AWGN were used to evaluate the MIMO impact. For convenience, the relative gain factors (i.e. the effective geometries) of these five scenarios are repeated in Table 1.
Table 1. Compatibility assessment simulation scenarios.

	Scenario
	Îor1/ Ioc  = Îor /Ioc

=  G [dB]
	Îor2 / Ioc

[ dB ]
	Îor3 / Ioc

[ dB ]
	Ioc_awgn/Ioc

[ dB ]

	1
	12.0
	-3.50
	-6.12
	-5.10

	2
	3.0
	-5.10
	-5.10 
	-4.18

	3
	3.0
	-3.00
	-8.95
	-4.30

	4
	0.0
	-4.60
	-4.60 
	-5.14

	5
	0.0
	-2.50
	-14.00 
	-4.00


3 Simulation Results

When producing the compatibility assessment results presented in this section, 30 different channel realizations were generated for each Node B and a total duration of 30 000 TTIs was simulated for each configuration case (STTD, STTD&PARC, STTD&SPARC) & scenario (1 – 5). Throughout these simulations, the reported CQI index values and the CRC check results of the transmitted packets for the reference legacy UE were logged. From this logging information, the average throughput for the reference legacy UE and the histogram of reported CQI index values were derived. 

The results obtained for Scenario 1 are depicted in Figure 2. Figure 2 contains 6 sub-plots of histograms for the three cases STTD, STTD&PARC and STTD&SPARC with two different HS-PDSCH power levels (40% and 67%). In each sub-plot, the standard deviation of the CQI reports and the average link throughput for the reference legacy UE are depicted at the top edge of the sub-plot.
Similar results for Scenarios 2 – 5 are depicted in Figure 3 – Figure 6, respectively.

By inspecting the CQI index histograms and the link throughput values for the reference legacy UE, it becomes clear that the operation of 2 Tx antenna MIMO schemes does not negatively impact the legacy UE. The obtained results indicate that there is almost no change in throughput or CQI reporting histogram. The rather small differences are probably in the order of statistical variation between different simulation runs and can be regarded as negligible. In fact in case of average throughput we observed both – cases in which the throughput slightly increased and cases where it slightly decreased – when switching from STTD to either STTD&PARC or STTD&SPARC.
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Figure 2 Simulation results for compatibility assessment scenario 1 (STTD as reference).
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Figure 3 Simulation results for compatibility assessment scenario 2 (STTD as reference).

[image: image4.emf]10 15 20

0

0.1

0.2

0.3

0.4

0.5



 =  1.00                    200 kbps

CQI index

%

STTD

HS-PDSCH power: 40 %

10 15 20

0

0.1

0.2

0.3

0.4

0.5



 =  1.02                    210 kbps

CQI index

%

STTD & PARC

10 15 20

0

0.1

0.2

0.3

0.4

0.5



 =  1.00                    226 kbps

CQI index

%

STTD & SPARC

10 15 20

0

0.1

0.2

0.3

0.4

0.5



 =  1.17                    257 kbps

CQI index

%

HS-PDSCH power: 67 %

10 15 20

0

0.1

0.2

0.3

0.4

0.5



 =  1.10                    266 kbps

CQI index

%

10 15 20

0

0.1

0.2

0.3

0.4

0.5



 =  1.10                    258 kbps

CQI index

%


Figure 4 Simulation results for compatibility assessment scenario 3 (STTD as reference).
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Figure 5 Simulation results for compatibility assessment scenario 4 (STTD as reference).
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Figure 6 Simulation results for compatibility assessment scenario 5 (STTD as reference).

Although, the compatibility assessment framework in [2] defines the use of STTD as the reference, we have also looked at the same set of cases described before, just using CLTD as a reference instead. The corresponding simulation results are depicted in Figure 7 – Figure 11.
Inspecting the throughput values, the shape of the CQI histograms and the CQI reporting standard deviation, it becomes clear, that also for the reference case CLTD, the operation of 2 Tx antenna MIMO does not show any noticeable negative impact.
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Figure 7 Simulation results for compatibility assessment scenario 1 (CLTD as reference).
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Figure 8 Simulation results for compatibility assessment scenario 2 (CLTD as reference).
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Figure 9 Simulation results for compatibility assessment scenario 3 (CLTD as reference).
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Figure 10 Simulation results for compatibility assessment scenario 4 (CLTD as reference).
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Figure 11 Simulation results for compatibility assessment scenario 5 (CLTD as reference).

4 Conclusions

The presented simulation results indicate that the use of 2 Tx antenna MIMO schemes would not negatively impact the link performance of Rel-5 legacy UEs. This holds when using PARC with constant full rank transmission and SPARC with 50% full rank transmission. Since the demodulation and decoding of the HS-PDSCH legacy link was carried out with realistic channel estimation, it can be concluded, that no noticeable impact on channel estimation is present. This is also confirmed by almost identical CQI reporting histograms in non-MIMO and MIMO cases.
The presented results suggest that PARC MIMO operation (with or without rank selective transmission) is compatible with the coexistence of legacy UEs on the same carrier.
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