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1 Introduction
At RAN4 meeting #44, additional SIMO simulation assumptions for LTE UE demodulation were agreed upon, and further clarified via the RAN 4 reflector in [1] and [2]. It was agreed that additional ideal, unicast, 1x2 PDSCH simulation results, using other channel models, would be presented for discussion at RAN#44bis. These results would serve for alignment and comparison, as well as, the baseline for future simulation work, and additionally serve to determine further assumptions, such as, 
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 geometries.
The simulation results presented in this contribution follow these agreed upon assumptions.
2 Simulation Assumptions 
These additional simulations assume a SIMO, 1x2 scenario with one eNB tx antenna and two UE rx antennas, in which the two channels have zero correlation, i.e. there are two, independent, uncorrelated fading and propagation channel models for each UE rx antenna. The new, agreed upon channel models are based upon extensions of well known and used channel models from the ITU and 3GPP. These channel models were selected to span three categories of delay spread and Doppler frequencies – low, medium, and high. They were extended to cover a 20 MHz bandwidth and made to use a 10 ns sampling grid via the techniques discussed in [4] and [5]. The channel models selected, for these simulations, range from low to high delay spread and low to medium Doppler, i.e. the extended versions of the Pedestrian A, Vehicular A, and Typical Urban models [3].
Full bandwidth, 10 MHz, simulations were agreed to for three specific MCS. Release 6 channel coding/HARQ assumptions, for the most part, were agreed to for easy alignment and comparison to the previously presented SIMO results. Table 1 below summarizes the assumptions agreed to and used in the results presented here. 
	Parameter
	Value

	Channel models
	EPA5, EVA5, EVA70, ETU300 (E = Extended)

	Terminal speeds
	~2.7, ~37.8, ~161.8 km/h 

	Carrier frequency
	2.0 GHz

	Modulation
	QPSK 
	16QAM
	64QAM

	Code rate
	~1/3
	1/2
	~5/6

	HARQ
	On

	Maximum number of HARQ transmissions
	4, with IR

	Number of HARQ processes
	6

	1st rate matching
	Transparent

	Error Correction Code
	Turbo Code, Rel6 interleaver – no bit scrambling or physical channel segmentation. Parallel interleavers, with 2-by-2 bit division of data, for 16-QAM & 64-QAM

	Reference symbols pattern
	Current 3GPP working assumption 

	Bandwidth allocation (MHz)
	10

	Resource blocks/sub-frame
	50

	Number of used sub-carriers
	600

	Number of information bits/sub-frame
	4584
	13800
	34472

	Cyclic prefix length
	Short

	Channel estimation
	Ideal

	Receiver
	LMMSE

	Transmit antennas
	1

	Receive antennas
	2

	Antenna correlation
	0

	Antenna imbalance
	No

	Tx EVM
	0

	Rx EVM
	0

	RS or control power boosting
	No

	
[image: image2.wmf]oc

I


	AWGN only

	Modulated symbol mapping
	Lowest to highest in frequency direction, in successive OFDM symbols


Table 1:  Simulation Assumptions
	Parameter
	Unit
	Value

	Nominal Avg. Inf. Bit Rate
	kbps
	4584
	13800
	34472

	Information Bit Payload Per Sub-Frame
	Bits
	4584
	13800
	34472

	Number Code Blocks Per Sub-Frame
	Blocks
	1
	3
	7

	Binary Channel Bits Per Sub-Frame
	Bits
	13800
	27600
	41400

	Coding Rate
	
	0.33
	0.5
	0.83

	Bandwidth
	MHz
	10
	10
	10

	Number of RBs per OFDM symbol
	
	50
	50
	50

	Number of OFDM symbols per Sub-Frame
	
	11.5
	11.5
	11.5

	Number of Allocated Sub-Frames per Radio Frame
	
	10
	10
	10

	Modulation
	
	QPSK
	16QAM
	64QAM


Table 2: Simulation Parameters
Simulation parameters for the three, full bandwidth test cases, one with each possible modulation, are summarized in Table 2 above. FEC block diagrams for each test case follow.
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Figure 1: FEC for QPSK
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Figure 2: FEC for 16-QAM
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Figure 3: FEC for 64-QAM

3 Simulation Results
Figure 4, Figure 5, and Figure 6 below captures the throughput results for the three cases.  These results are also summarized in the tables in Annex A.
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Figure 4: QPSK Throughput results
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Figure 5: 16-QAM Throughput results
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Figure 6: 64-QAM Throughput results
4 Conclusions and discussions

Based on the throughput results shown in Figure 4, 
[image: image9.wmf]oc

or

I

I

ˆ

 geometries of < 5 dB for QPSK, < 15 dB for 16-QAM, and < 26 dB for 64-QAM, could be applicable.
Annex A

Table 3 - QPSK Throughput results
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Table 4 - 16QAM Throughput results
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Table 5 – 64QAM Throughput results
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