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1
Introduction
This document contains an up-to-date description of the enhanced downlink MIMO (eDL MIMO) framework. The scenarios are based on contributions from individual companies (given in references) and the simulation assumptions are listed in Annex A.

2 Simulation scenarios for PDSCH demodulation performance
The purpose of those scenarios is to verify PDSCH demodulation performance on eDL MIMO with single-user MIMO (SU-MIMO) and multi-user MIMO (MU MIMO). 
2.1 SU MIMO with single layer transmission

The purpose of this scenario is to verify UE demodulation performance with rank-1 transmission in the presence of inter-cell interference only. In this scenario, only one user is scheduled for each time-frequency resource. 
The effective channel for the user-specific signal, including DM RS, is defined as a product of a 2x2 MIMO matrix and a channel dependent single-layer 2x1 precoder, i.e.
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where 
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 is a single-layer precoder randomly selected from Rel-8 codebook (Table 6.3.4.2.3-1 in TS36.211) for each subframe and each PRB. Note that
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is a 2x1 matrix representing a 1x2 SIMO channel. An MMSE receiver is assumed. The number of CRS ports set to 2 ports. (See in Annex A.3). CSI-RS configuration and PDSCH muting patterns are TBD.
2.2 MU MIMO with single layer transmission

The purpose of this scenario is to verify the UE demodulation performance with rank-1 transmission in the presence of both inter-cell interference and intra-cell interference of co-scheduled UE using different orthogonal DM-RS port on the same PDSCH resources. In this scenario, two users are scheduled in the same time-frequency resources. The DM-RS of the two layers are CDM multiplexed and different beamforming vectors are applied to the two users.

The effective channel model for MU-MIMO is defined as a product of a 2x2 MIMO matrix and a combined 2x2 multi-user precoder, i.e.
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where 
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 is composed of two 2x1 precoders randomly selected from Rel-8 codebook (Table 6.3.4.2.3-1 in TS36.211) but not the same. The precoder updates for each subframe and each PRB. An MMSE receiver is assumed. The number of CRS ports set to 2 ports. (See in Annex A.3). CSI-RS configuration and PDSCH muting patterns are TBD.
2.3 SU MIMO with Dual-layer transmission

The purpose of this scenario is to verify the UE demodulation performance with rank-2 transmission in the presence of inter-cell interference only. This scenario is an extension of current Rel-8 transmission mode 7 and basic ideas can be reused. It is proposed to extend current channel model (given in the following) to incorporate 2 layers at the same time. 
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In which 
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is the dual-layer 2x2 precoders for target UE, which could be randomly selected from the set of codebooks in Table 6.3.4.2.3-1 in TS36.211 with an update granularity of each subframe and each PRB. An MMSE receiver is assumed. The number of CRS ports set to 2 ports. (See in Annex A.3). CSI-RS configuration and PDSCH muting patterns are TBD.
2.4 Test cases for PDSCH demodulation performance
The test cases for PDSCH demodulation performance are defined in Table.1.
Table 1   Test cases for PDSCH demodulation performance
	Scenario 
	Test
mode
	Description
	Reference
channel
	Propagation
Model
	Antenna
configuration
	CSI-RS
pattern
	Verification
point

	1.1
	SU MIMO
	QPSK 1/3 with 1-layer
	R1. FDD/
R1. TDD
	EVA5
	2x2 low
	8 CSI-RS
	70 % tp

	1.2
	MU MIMO
	16QAM 1/2 with 1-layer
	R2. FDD/
R2. TDD
	EPA5
	2x2 low
	4 CSI-RS
	70 % tp

	1.3
	SU MIMO
	16QAM 1/2 with 2-layer
	R3. FDD/
R3.TDD
	EPA5
	2x2 low
	2 CSI-RS
	70 % tp


3 Conclusion
This contribution proposed the simulation scenarios for PDSCH demodulation performance requirements on eDL MIMO.
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Annex A

Annex A.1  Initial simulation assumptions
Table A.1  initial simulation assumptions
	Common parameters
	Value

	Cell ID
	N_cell_ID = 0 shall be assumed whenever applicable Scrambling_ID = 0

	Channel BW
	10 MHz

	MU-MIMO interference
	Utilize the same MCS as target UE

	Number of allocated RBs for UE1
	50 when available

	Number of allocated RBs for UE2
	Same as for UE1

	Verification point
	70%-ile throughput

	SIB transmission 
	Subframe #5 is reserved

	CSI-RS duty cycle
	FFS

	Channel estimation
	Practical and realistic channel and noise estimates with no a-priori knowledge of the channel state information

	Channel coding
	According to Section 5.3.2 of 36.212

	Redundancy version sequence
	{0,1,2,3} for QPSK and 16QAM

	Physical channel processing
	According to Section 6.4 of 36.211

	Cyclic prefix
	Normal

	Power allocation ratio UE1/UE2
	0 dB

	Channel dependent precoder update granularity
	Frequency domain: 1 PRB, Time domain: 1 ms

	Number of OFDM symbols reserved for PCFICH/PHICH/PDCCH
	2 symbols

	Channel dependent precoder update granularity for interference user
	Frequency domain; 1 PRB, Time domain: 1ms

	Interference Number of OFDM symbols reserved for PCFICH/PHICH/PDCCH
	2 symbols

	TX EVM 
	6%AWGN + simulated MU-MIMO interference 

	Reference receiver
	MMSE

	Simulation length 
	10000 allocated DL subframes at minimum 


Annex A.2  Reference measurement channel
Table A.2 shows the reference measurement channels for FDD. The reference measurement channels TDD are TBD.

Table A.2  Reference measurement channel for FDD
	Parameter
	Unit
	Value

	Reference channel
	
	R1. FDD
	R2. FDD
	R3.FDD

	Channel bandwidth
	MHz
	10
	10
	10

	Allocated resource blocks
	
	50
	50
	50

	Allocated subframes per Radio Frame
	
	10
	10
	10

	CSI-RS subframe number
	
	[TBD]
	[TBD]
	[TBD]

	Number of CSI-RS ports
	
	8
	4
	2

	Number of CRS ports
	
	2
	2
	2

	Modulation
	
	QPSK
	16QAM
	16QAM

	Target coding information rate
	
	1/3
	1/2
	1/2

	Information Bit Payload
	
	
	
	

	For Sub-Frames [TBD]
	Bits
	[TBD]
	[TBD]
	[TBD]

	For Sub-Frame 5
	Bits
	0
	0
	0

	For Sub-Frame[TBD] (CSI-RS subframe)
	Bits
	[TBD]
	[TBD]
	[TBD]

	For Sub-Frame 0
	Bits
	[TBD]
	[TBD]
	[TBD]

	Number of Code Blocks per Sub-Frame
	
	
	
	

	For Sub-Frames [TBD]
	Bits
	[TBD]
	[TBD]
	[TBD]

	For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	For Sub-Frame [TBD] (CSI-RS subframe)
	Bits
	[TBD]
	[TBD]
	[TBD]

	For Sub-Frame 0
	Bits
	[TBD]
	[TBD]
	[TBD]

	Binary Channel Bits Per Sub-Frame
	
	
	
	

	For Sub-Frames [TBD]
	Bits
	[TBD]
	[TBD]
	[TBD]

	For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a

	For Sub-Frame [TBD] (CSI-RS subframe)
	Bits
	[TBD]
	[TBD]
	[TBD]

	For Sub-Frame 0
	Bits
	[TBD]
	[TBD]
	[TBD]

	Number of layers per UE
	
	1
	1
	2

	Max. Throughput averaged over 1 frame
	Mbps
	[TBD]
	[TBD]
	[TBD]

	Note 1: 2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW

	Note 2: Reference signal, synchronization signals and PBCH allocated as per TS 36.211

	Note 3: as per Table 4.2-2 in TS 36.211

	Note 4: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


 A.3  Reference signal configurations
The CSI-RS and DM-RS allocation in Rel-10 for normal CP DL subframes is shown in Figure A.4 (with multiple transmit antenna configurations in the figure but only two DL CRS ports areassumed for the proposed requirements).
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Figure A.4  Reference signal configurations

Overall modeling of CSI-RS (indexing & mapping to resource elements, periodicity, subframe offset, sequence, power scaling, …) for demodulation requirements is FFS.
Annex A.4  Power settings
The signal-to-noise ratio (SNR) for the existing test configurations is defined as follows:
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where the superscript indicates the receiver antenna connector and the symbols are defined in TS36.101. For convenience, they are copied here.
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The received energy per RE during the useful part of the symbol, i.e. excluding the cyclic prefix, averaged across the allocated RB(s) (average power within the allocated RB(s), divided by the number of RE within this allocation, and normalized to the subcarrier spacing) at the UE antenna connector 
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The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector

For simulation purpose, one can assume 
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. Total transmit power for all transmitter configurations are assumed to be same, and they are equally divided into each transmit antennas, in case of more than one transmit antennas. Therefore, SNR can be expressed as:
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The above SNR formulation would be directly applicable for the rank-1 scenario without co-channel interference and rank-2 with dual layer transmission. Assuming that one antenna port is used for the transmission of the cell-specific reference signal, the ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs could be set as 
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 = 0 dB. Furthermore it is required that the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be constant. This constant could be set as 0 dB for all modulation methods (such selection being mandatory for 16QAM and 64QAM).

For the rank-1 transmission with co-channel interferer, there is the question how the powers of the wanted and interfering users should be normalized. It is suggested to consider the power of the interfering user as part of the Es, hence adopting a similar normalization as used in the formulation of the PHICH requirements:
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The above normalization would ensure the compatibility with the SNR definition of 36.101, hence it is considered a viable approach. It is to be noted that the normalization should be carried out before the precoding operation.  The power boosting parameters
[image: image19.wmf]A

r

,
[image: image20.wmf]B

r

, and the PDSCH EPRE to UE-specific RS EPRE could be set to 0 dB as in the cases without co-channel interference.
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