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1 Introduction

This contribution provides a proposed methodology for the measurement of EPRE vs. total downlink power of eNodeB emulators. This measurement serves four primary purposes:

1) Confirms that average power is balanced between the MIMO transmit ports of an eNodeB emulator
2) Confirms that the average power available for the PDCCH and PDSCH is balanced when a 100% downlink RB allocation is configured in an eNodeB emulator

3) Confirms that the eNodeB emulator’s PDSCH downlink average power is correctly scaled when the downlink Resource Block (RB) allocation is reduced to 50%

4) Confirms that the RS EPRE vs. PDSCH EPRE ratio is correct for both 100% and 50% RB allocations
2 Overview
During the RAN4 MIMO OTA meetings held in San Francisco, CA (15, 16 and 17 November, 2011), and in Dresden, Germany (6 and 8 February, 2012), delegates prioritized the various aspects of MIMO OTA measurement which must be addressed in order to ensure that MIMO performance results from participating labs can be meaningfully compared. 

As documented in [1], CTIA agreed to look into the standardization of eNodeB emulator settings and provide input to 3GPP RAN4. Although 3GPP TR 37.976 currently recommends a standardized set of eNodeB settings, some aspects of the downlink signal may differ slightly between eNodeB emulators, which can affect measurement results. Therefore, the downlink channel power measurements described in this contribution should help ensure that consistent MIMO OTA test results can be obtained between participating labs. 
3 Prerequisites
This contribution builds on the eNodeB emulator settings described in 3GPP TR 37.976, Table B.2.4.1-2, for an FDD downlink with a full (100%) RB allocation.  In addition, this contribution also proposes a standardized partial RB allocation (50%) which will be used to verify correct PDSCH power scaling of the eNodeB emulator. The eNodeB emulator settings for a full RB allocation (100%, FDD) are provided in Table 1 below, and the eNodeB emulator settings for a Partial RB Allocation (50%, FDD) are provided in Table 2 below. Once eNodeB emulator settings for FDD have been agreed, the contributors plan to prepare a similar set of tables for TDD operation in a future contribution.

Table 1:  FDD Full Allocation eNodeB Emulator Configuration

	Parameter
	Value

	Downlink Bandwidth
	10 MHz

	Duplex Mode
	FDD

	Downlink Reference Channel
	R.11 FDD
	R.35 FDD

	Downlink Modulation
	16QAM
	64QAM

	Downlink MIMO Transmission Mode 
	TM3 (Open Loop Spatial Multiplexing)

	Number of MIMO Transmit Antennas
	2

	Rank Indicator
	2 (forced)

	Number of Downlink RBs
	50

	Downlink RBStart
	0

	Downlink Power Level, eNodeB emulator
	-50 dBm/15 kHz (RS-EPRE at each eNodeB emulator port)

	Downlink Power Level, DUT
	-85 dBm/15 kHz (RS-EPRE at each DUT receiver port)

	Uplink Bandwidth
	10 MHz

	Uplink Modulation
	QPSK
	16QAM

	Uplink TBS Index
	6
	19

	Number of Uplink RBs
	50

	Uplink RBStart
	0

	Transmit Power Control
	-10 dBm (open loop)

	PDSCH Power Offset Relative to RS EPRE
	ρA= -3 dB
ρB= -3 dB

	HARQ Transmissions
	1 (No HARQ)

	Propagation Model
	Static (See 36.521-1, B.1)

	AWGN
	Off


Table 2:  FDD Partial Allocation eNodeB Emulator Configuration

	Parameter
	Value

	Downlink Bandwidth
	10 MHz

	Duplex Mode
	FDD

	Downlink Reference Channel
	R.11 FDD
	R.35 FDD

	Downlink Modulation
	16QAM
	64QAM

	Downlink MIMO Transmission Mode 
	TM3 (Open Loop Spatial Multiplexing)

	Number of MIMO Transmit Antennas
	2

	Rank Indicator
	2 (forced)

	Number of Downlink RBs
	25

	Downlink RBStart
	0

	Downlink Power Level, eNodeB emulator
	-50 dBm/15 kHz (RS-EPRE at each eNodeB emulator port)

	Downlink Power Level, DUT
	-85 dBm/15 kHz (RS-EPRE at each DUT receiver port)

	Uplink Bandwidth
	10 MHz

	Uplink Modulation
	QPSK
	16QAM

	Uplink TBS Index
	6
	19

	Number of Uplink RBs
	25

	Uplink RBStart
	0

	Transmit Power Control
	-10 dBm (open loop)

	PDSCH Power Offset Relative to RS EPRE
	ρA= -3 dB
ρB= -3 dB

	HARQ Transmissions
	1 (No HARQ)

	Propagation Model
	Static (See 36.521-1, B.1)

	AWGN
	Off


4 Test Methodology
For the purpose of verifying channel power levels called for in this document, the eNodeB emulator shall be connected to the DUT according to the configuration shown in Figure 1 below:

Figure 1: eNodeB Connections to DUT
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Note 1: TX Port #1 is used as transmit-only on eNodeB emulators with a separate uplink RX port. 
Note 2: If the eNodeB emulator supports full duplex operation on TX port #1, the circulator’s RX port shall be terminated in a 50-ohm load.

Note 3: These splitter ports will be used to provide a downlink RF sample to the analyzer and shall be terminated in a 50-ohm load when not in use.
The analyzer shown in Figure 1 above must be capable of measuring the eNodeB emulator’s average PDCCH power independent of the eNodeB emulator’s average PDSCH power, expressed as a PSD in dBm/15 kHz. The analyzer must also be capable of measuring RS EPRE and PDSCH EPRE, expressed as a PSD in dBm/15 kHz. Any instrument capable of making these measurements is acceptable.
The following measurements shall be made while the UE is in an active data call and sending continuous uplink data to the eNodeB emulator while receiving a full (100%) downlink RB allocation using the settings described in Table 1:
1) Average PDCCH power at TX Port 1 (through Splitter 1) of all PDCCH RBs per antenna expressed as a PSD in dBm/15 kHz
2) Average PDSCH power at TX Port 1 (through Splitter 1) of all PDSCH RBs per antenna expressed as a PSD in dBm/15 kHz
3) PDSCH EPRE at TX Port 1 (through Splitter 1) expressed as a PSD in dBm/15 kHz
4) RS EPRE at TX Port 1 (through Splitter 1) expressed as a PSD in dBm/15 kHz
5) Average PDCCH power at TX Port 2 (through Splitter 2) of all PDCCH RBs per antenna expressed as a PSD in dBm/15 kHz
6) Average PDSCH power at TX Port 2 (through Splitter 2) of all PDSCH RBs per antenna expressed as a PSD in dBm/15 kHz
7) PDSCH EPRE at TX Port 2 (through Splitter 2) expressed as a PSD in dBm/15 kHz
8) RS EPRE at TX Port 2 (through Splitter 2) expressed as a PSD in dBm/15 kHz
The following measurements shall be made while the UE is in an active data call and sending continuous uplink data to the eNodeB emulator while a receiving a partial (50%) downlink RB allocation using the settings described in Table 2:

9) Average PDCCH power at TX Port 1 (through Splitter 1) of all PDCCH RBs per antenna expressed as a PSD in dBm/15 kHz
10) Average PDSCH power at TX Port 1 (through Splitter 1) of all PDSCH RBs per antenna expressed as a PSD in dBm/15 kHz
11) RS EPRE at TX Port 1 (through Splitter 1) expressed as a PSD in dBm/15 kHz
12) PDSCH EPRE at TX Port 1 (through Splitter 1) expressed as a PSD in dBm/15 kHz
13) Average PDCCH power at TX Port 2 (through Splitter 2) of all PDCCH RBs per antenna expressed as a PSD in dBm/15 kHz
14) Average PDSCH power at TX Port 2 (through Splitter 2) of all PDSCH RBs per antenna expressed as a PSD in dBm/15 kHz
15) RS EPRE at TX Port 2 (through Splitter 2) expressed as a PSD in dBm/15 kHz
16) PDSCH EPRE at TX Port 2 (through Splitter 2) expressed as a PSD in dBm/15 kHz
From the 16 measurements above, calculate the following:

· eNodeB PDCCH TX1/TX2 power balance in dB, 100% downlink allocation 

· eNodeB PDSCH TX1/TX2 power balance in dB, 100% downlink allocation 
· eNodeB PDCCH to PDSCH power ratio in dB, 100% downlink allocation (per antenna)
· eNodeB RS EPRE to PDSCH EPRE power ratio in dB, 100% downlink allocation (per antenna)
· eNodeB PDCCH TX1/TX2 power balance in dB, 50% downlink allocation 

· eNodeB PDSCH TX1/TX2 power balance in dB, 50% downlink allocation 
· eNodeB PDCCH to PDSCH power ratio in dB, 50% downlink allocation (per antenna)
· eNodeB RS EPRE to PDSCH EPRE power ratio in dB, 50% downlink allocation (per antenna)
To be considered compliant with 3GPP TS 36.521-1, the following criteria must be met:
· eNodeB PDCCH TX1/TX2 power balance (100% allocation) must be 0 dB, +/- 0.7 dB
· eNodeB PDSCH TX1/TX2 power balance (100% allocation) must be 0 dB, +/- 0.7 dB

· eNodeB PDCCH TX1/TX2 power balance (50% allocation) must be 0 dB, +/- 0.7 dB
· eNodeB PDSCH TX1/TX2 power balance (50% allocation) must be 0 dB, +/- 0.7 dB
In addition, the following criteria must be met per antenna:

· eNodeB PDCCH to PDSCH power ratio (100% allocation) must be 0 dB, +/- 0.7 dB

· eNodeB RS EPRE to PDSCH EPRE ratio (100% allocation) must be +3 dB, +/- 0.7 dB
· eNodeB PDCCH to PDSCH power ratio (50% allocation) must be +3 dB, +/- 0.7 dB 
· eNodeB RS EPRE to PDSCH EPRE ratio (50% allocation) must be +3 dB, +/- 0.7 dB
5 Conclusion
This contribution recommends a test methodology which will:

1) Confirm that average power is balanced between the MIMO transmit ports of an eNodeB emulator
2) Confirm that the average power available for the PDCCH and PDSCH is balanced when a 100% downlink RB allocation is configured in an eNodeB emulator

3) Confirm that the eNodeB emulator’s PDSCH average downlink power is correctly scaled when the downlink Resource Block (RB) allocation is reduced to 50%

4) Confirm that the RS EPRE vs. PDSCH EPRE ratio is correct for both 100% and 50% RB allocations
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� Wherever possible, the eNodeB emulator settings included in Tables 1 and 2 of this document have been harmonized with those recommended in 3GPP TS 37.976 V 1.5.0, Table B.2.4.1-2.






