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1   Background
During RAN4#85 meeting, UE demodulation requirements for FeCoMP were discussed. Detailed agreements are captured below:
· Test cases
· RAN4 84bis: Test #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)
· Test #2: 4RX UE, 3 MIMO layers PDSCH (2 MIMO layer from TP1 and 1 MIMO layer from TP2)
· FFS whether to have test with 4 MIMO layers PDSCH
· Antenna configuration:
· Test #1: 2x2 ULA low (for TP1-UE and TP2-UE links)
· Test #2: 4x4 ULA low (for TP1-UE and TP2-UE links)
· Power imbalance 
· Test #1: Equal power between the TPs (SNRTP1 = SNRTP2)
· Test #2: TP2 SNR is [3] dB lower than TP1 SNR (SNRTP1 = SNRTP2 + [3]dB)
In this contribution, we give our analyses and evaluations for these tests.
2   Discussion

For UE demodulation tests, two test cases were agreed, i.e.
· Test 1: 2 Rx UE with 2 layer

· Test 2: 4 Rx UE with 3 layer

For 4 Rx UE with 4 layer test, it is still FFS. Some companies had the view that 3 layer test is enough and the 4 layer test is unnecessary. However, as shown in Figure 1, for rank 3, DMRS port 7 is mapped to one TP and port 9, 10 are mapped to another TP. For rank 4, port 7,8 are mapped to one TP and port 9,10 are mapped to another TP. The dmrs-to-layer mappings are different for rank 3 and rank 4, resulting in different RE mapping for data signals. Besides, for 4Rx, if only the 3 layer test, then power between TP1 and TP2 is reletively large which cannot cover the 4Rx without power imbalance case.
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Figure 1: DMRS-to-layer mapping for different ranks
Therefore, we propose to define one more test case of 4Rx UE with 4 layer.
Proposal 1: Define one test for 4Rx UE with 4 layer.
Low correlation configurations are selected to reach high rank such 2 layer for 2 Rx and 3 layer for 4 Rx. For the power offset value for rank 3 test, it is agreed to use 3 dB power offset as the starting point.
Simulation parameters are captured in [2] as:
· FRC: 
· Test #1: 16QAM,1/2, Rank 1 for each TP
· Test #2: 
· TP1: 16QAM, 1/2, Rank 2
· TP2: 16QAM, 1/2, Rank 1
· Number of CRS APs: 
· Test #1: 2 CRS APs for each TP
· Test #2: FFS between 2 and 4 CRS APs for each TP
· Beamforming model: Random PMI
· Cell ID 
· TP1: 0
· TP2: 126
· Time offset: 2 μs TP2 time offset relative to TP1
· Frequency offset: 200 Hz TP2 frequency offset relative to TP1
For test#1, detailed assumptions are given in the Appendix and corresponding simulation results are captured in Figure 2.
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Figure 2: Simulation results for test#1
For test#2, there are two options about the number of antenna ports, i.e. 2 and 4CRS APs. Although for this FeCoMP demodulation test, DMRS is used for demodulation rather than CRS, CRS is still used for timing and frequency offset estimation, etc. So it is beneficial for UE to receive four CRS ports. Another point is that eNB with 4 CRS ports become more and more popular to support TM4 with 4-layers, it is preferred to test UE under typical scenarios.
According to simulation assumption in the Appendix, simulation results for test#2 with 4 CRS ports and 2 CRS ports are given in Figure 3. Since 4 CRS ports only increase a little overhead compared 2 CRS ports, performances are very similar.
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Figure 3: Simulation results for test#2 with  4 CRS ports and 2CRS ports
From the above, we propose that
Propose 2: Choose 4 CRS ports for test#2.
3   Conclusion
In this contribution, we analyze performance requirements for FeCoMP and propose that:
Proposal 1: Define one test for 4Rx UE with 4 layer.
Propose 2: Choose 4 CRS ports for test#2.
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Appendix
Test 1 simulation assumptions

Table 1. PDSCH Test 1 Parameters

	Parameter
	Unit
	TP 1
	TP 2

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0

	
	(
	dB
	-3
	-3

	Beamforming model
	
	Random beamforming (rank 1)
	Random beamforming (rank 1)

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals 0
	
	Antenna ports {15,16}
	N/A



	CSI-RS 0 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	5 / 2
	

	CSI reference signal 0 configuration
	
	0
	

	CSI reference signals 1
	
	N/A
	Antenna ports {15,16}

	CSI-RS 1 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	
	5 / 2

	CSI reference signal 1 configuration
	
	
	8

	Zero-power CSI-RS 0 configuration

ICSI-RS / ZeroPower CSI-RS bitmap
	Subframes/bitmap
	2/

0010000000000000
	N/A

	Zero-power CSI-RS1 configuration

ICSI-RS / ZeroPower CSI-RS bitmapS
	Subframes/bitmap
	N/A
	2/

0010000000000000

	
[image: image7.wmf]oc

s

N

E

)


	dB
	SNR1
	SNR2 = SNR1
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at antenna port
	dBm/15kHz
	-98
	-98

	BWChannel
	MHz
	10
	10

	Cyclic Prefix
	
	Normal
	Normal

	Cell ID
	
	0
	126

	Number of control OFDM symbols / PDSCH start
	
	2
	2

	Timing offset relative to TP1
	us
	N/A
	2

	Frequency offset relative to TP1
	Hz
	N/A
	200

	qcl-Operation, ‘PDSCH RE Mapping and Quasi-Co-Location Indicator’
	
	[NC-JT PQI indication]

	PDSCH transmission mode (Note 2)
	
	10
	10

	Number of allocated resource block
	
	50
	50

	Note 1:
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Note 2:
PDSCH transmission is done from both TPs (CW1 is transmitted from TP1 and CW2 is transmitted from TP2)


Table 2. PDSCH test - Performance Requirements

	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration 
	SNR1 (dB)
	UE Category

	
	TP 1
	TP 2
	TP 1
	TP 2
	TP 1
	TP 2
	
	Fraction of Maximum Throughput (%)
	SNR1 (dB)
	

	1
	R.X
	R.X
	OP.1 FDD
	OP.1 FDD
	EPA5
	EPA5
	2x2 Low
	70
	TBD
	TBD


Table 3. PDSCH test 1 FRC

	Parameter 
	Unit 
	Value

	
	
	R.X

	Channel bandwidth 
	MHz 
	10

	Allocated resource blocks 
	
	50 (Note 3) 

	Allocated subframes per Radio Frame 
	
	9 

	Modulation 
	
	16QAM 

	Target Coding Rate 
	
	1/2 

	Information Bit Payload
	
	

	For Sub-Frames 1,3,4,6,8,9 
	Bits 
	11448

	For Sub-Frames 2,7 
	Bits 
	11448

	For Sub-Frame 5 
	Bits 
	n/a

	For Sub-Frame 0 
	Bits 
	9528

	Number of Code Blocks (Note 4)
	
	

	For Sub-Frames 1,3,4,6,8,9 
	Code blocks
	2

	For Sub-Frames 2, 7 
	Code blocks
	2

	For Sub-Frame 5 
	Bits 
	n/a

	For Sub-Frame 0 
	Bits 
	2

	Binary Channel Bits
	
	

	For Sub-Frames 1,3,4,6,8,9 
	Bits 
	24000

	For Sub-Frames 2,7 
	Bits
	22400

	For Sub-Frame 5 
	Bits 
	n/a

	For Sub-Frame 0 
	Bits 
	19680

	Max. Throughput averaged over 1
frame
	Mbps 
	10.1112

	Note 1: 2 symbols allocated to PDCCH.
Note 2: Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3: 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.
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).


Test 2 simulation assumptions

Table 1. PDSCH Test 2 Parameters

	Parameter
	Unit
	TP 1
	TP 2

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0

	
	(
	dB
	-3
	-3

	Beamforming model
	
	Random beamforming (rank 2)
	Random beamforming (rank 1)

	Cell-specific reference signals
	
	Option 1: APs 0,1

Option 2: APs 0,1, 2, 3
	Option 1: APs 0,1

Option 2: APs 0,1, 2, 3

	CSI reference signals 0
	
	APs {15,16, 17, 18}
	N/A



	CSI-RS 0 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	5 / 2
	

	CSI reference signal 0 configuration
	
	0
	

	CSI reference signals 1
	
	N/A
	APs {15,16, 17, 18}

	CSI-RS 1 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	
	5 / 2

	CSI reference signal 1 configuration
	
	
	8

	Zero-power CSI-RS 0 configuration

ICSI-RS / ZeroPower CSI-RS bitmap
	Subframes/bitmap
	2/

0010000000000000
	N/A

	Zero-power CSI-RS1 configuration

ICSI-RS / ZeroPower CSI-RS bitmapS
	Subframes/bitmap
	N/A
	2/

0010000000000000
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	dB
	SNR1
	SNR2 = SNR1-3dB
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at antenna port
	dBm/15kHz
	-98
	-98

	BWChannel
	MHz
	10
	10

	Cyclic Prefix
	
	Normal
	Normal

	Cell ID
	
	0
	126

	Number of control OFDM symbols / PDSCH start
	
	2
	2

	Timing offset relative to TP1
	us
	N/A
	2

	Frequency offset relative to TP1
	Hz
	N/A
	200

	qcl-Operation, ‘PDSCH RE Mapping and Quasi-Co-Location Indicator’
	
	[NC-JT PQI indication]

	PDSCH transmission mode (Note 2)
	
	10
	10

	Number of allocated resource block
	
	50
	50

	Note 1:
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Note 2:
PDSCH transmission is done from both TPs (CW2 is transmitted from TP1 and CW1 is transmitted from TP2)


Table 2. PDSCH test 2 Performance Requirements

	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration 
	SNR1 (dB)
	UE Category

	
	TP 1
	TP 2
	TP 1
	TP 2
	TP 1
	TP 2
	
	Fraction of Maximum Throughput (%)
	SNR1 (dB)
	

	2
	R.Z
	R.Y
	OP.1 FDD
	OP.1 FDD
	EPA5
	EPA5
	4x4 Low
	70
	TBD
	TBD


Table 3. PDSCH test 2 FRC

	Parameter 
	Unit 
	Value

	
	
	R.Y
	R.Z

	Channel bandwidth 
	MHz 
	10
	10

	Allocated resource blocks 
	
	50 (Note 3)
	50 (Note 3)

	Allocated subframes per Radio Frame 
	
	9
	9

	Modulation 
	
	16QAM
	16QAM

	Target Coding Rate 
	
	1/2
	1/2

	Information Bit Payload
	
	
	

	For Sub-Frames 1,3,4,6,8,9 
	Bits 
	11448
	22920

	For Sub-Frames 2,7 
	Bits 
	11448
	22920

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

	For Sub-Frame 0 
	Bits 
	9528
	19080

	Number of Code Blocks (Note 4)
	
	
	

	For Sub-Frames 1,3,4,6,8,9 
	Code blocks
	2
	4

	For Sub-Frames 2, 7 
	Code blocks
	2
	4

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

	For Sub-Frame 0 
	Bits 
	2
	4

	Binary Channel Bits
	
	
	

	For Sub-Frames 1,3,4,6,8,9 
	Bits 
	21600
	43200

	For Sub-Frames 2,7 
	Bits
	19200
	38400

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

	For Sub-Frame 0 
	Bits 
	17712
	35424

	Max. Throughput averaged over 1
frame
	Mbps 
	10.1112
	20.244

	Note 1: 2 symbols allocated to PDCCH.
Note 2: Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3: 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.
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).
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