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1. Introduction

In RAN4 #84bis meeting a WF on FeCoMP UE performance requirements was agreed [1]. The following agreements were made:

	· Introduce TM10 NC-JT PDSCH demodulation test cases

· Test purpose: Verify performance of UE supporting the following functionality:

· New QCL assumption for different DM-RS antenna port groups

· FFS New QCL PDSCH RE mapping

· Scenario: UE receives NC-JT PDSCH from TP1 (serving cell) and TP2

· Test cases

· Test #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)

· FFS Test #2: 4RX UE receives [3 or 4] MIMO layers PDSCH

· 3 MIMO layers: 1 MIMO layer from TP1 and 2 MIMO layers from TP2

· 4 MIMO layers: 2 MIMO layers per TP

· Power imbalance

· Option 1: No power imbalance between the TPs (SNRTP1 = SNRTP2)

· Other options are not precluded

· Number of CRS APs for each TP are FFS

· Option 1: 2 CRS APs

· Option 1: 4 CRS APs

· FFS for Cell ID among TPs

· CRS patterns in the two cells are FFS

· Option 1: Colliding

· Option 2: Non-Colliding

· Other test case details are FFS


In this paper we provide our view on the UE PDSCH demodulation test case design and provide initial simulation results.
2. Discussion on test scenarios
In this section we provide our view on FeCoMP demodulation test case design. In the previous meeting multiple agreements on the demodulation test case definition for FeCoMP scenarios were reached. However, the following test parameters need further discussion:
· Number of CRS APs

· Cell ID for TP1 and TP2
· CRS patterns in the two TPs
· Whether to introduce test with 3/4 layers
· Beamforming model

· Antenna configuration
· TP1/2 power imbalance
· Time/Frequency offset model

Number of CRS APs
Rel-15 FeCoMP design is specified for scenarios with TM10 transmissions. In general case, for the scenarios with DMRS-based transmissions it is reasonable to assume that eNB will minimize the CRS overhead and will use 2 CRS APs disregards the actual number of TX antennas. For such scenarios CRS is required mainly for time/frequency offset estimation and for noise estimation for CSI reporting in non-TM10 scenarios. Based on such observation, it is suggested to focus on scenarios with 2 CRS APs for the Rel-15 FeCoMP demodulation test case definition.
Cell ID among TPs
In general either Common Cell ID or Different Cell ID scenario can be considered for LTE CoMP deployments. In the common Cell ID scenarios multiple TPs will be expected to use same CRS parameters. Typically such scenarios impose higher requirements in terms of network synchronization. If two TPs share same CRS then UE will observe combined SFN-like receive CRS signals. UE will not be able to uses CRS for time offset estimation. So, in the Rel-11 CoMP framework it was assumed that network should guarantee small enough time offset between the signals. For the Rel-15 requirements, we recommend to consider more generic “Different Cell ID” scenarios where UE can perform time offset tracking using CRS.

CRS patterns in the two TPs
Using non-colliding CRS patterns may lead to unnecessary test complexity. In such scenarios in addition to testing of correct demodulation processing for scenarios with NC-JT transmission, it is necessary to test correct CRS-IM processing. To simplify test setup and focus on the key functionality we suggest to consider scenarios with Colliding CRS patterns in the two TPs. FFS if additional test cases for CRS-IM shall be considered.
Test with 3/4 layers
In previous RAN4 meeting it was agreed to specify one demodulation test for scenarios with total number of MIMO layers equal to 2, however, no final agreements for scenarios with 3 or 4 layers were reached. As shown by RAN1 analysis FeCoMP provides performance benefits for scenarios when UE is equipped with 4RX antennas and capable to receive 3 or 4 MIMO layers. Hence, we suggest to consider such test cases. Based on RAN1 design assumptions, for scenarios with 3/5/7 MIMO layers UE is required to apply specific DMRS and channel estimation processing. For example, in scenarios with 3 MIMO layers, one MIMO layer is associated with DMRS AP 7, and the other two MIMO layers are associated with DMRS APs 9/10, which leads to non-conventional DMRS and channel estimation processing. Therefore, we suggest to define the scenario with 3 MIMO layers to check correct UE behaviour.
Beamforming model
The purpose of FeCoMP demodulation test case is to verify that UE supports new QCL assumption for different DMRS antenna port groups and new QCL PDSCH RE mapping. Therefore, there is no strong justification to consider “follow PMI” beamforming models and random beamforming model can be sufficient.
Antenna configuration

2 x 2 antenna configuration can be used for Test #1 with 2 MIMO layers and 4x4 model for Test #2 with 3 MIMO layers. In Section 3 we provide our simulation results for different antenna configurations:

· Test #1: 2x2 ULA Low and High correlation
· Test #2: 4x4 ULA Low and XPL High correlation
From these simulation results we can observe that SNR operating point is more reasonable for scenarios with Low antenna correlation and such settings are recommended to be used for the requirements definition.
TP1/2 power imbalance
One of important parameters for NC-JT test definition is the power imbalance between TP1 and TP2. Such parameter can be chosen in a way to ensure equal power per each MIMO layer. Using such approach and taking into account number of MIMO layers per TP we propose to use the following power imbalance settings:
· Test #1. Equal power between TPs: SNRTP1 = SNRTP2
· Test #2. 3 dB power imbalance between TPs: SNRTP2 = SNRTP1 + 3 dB
Time/Frequency offset model

In the most demodulation test cases from 36.101 the typical assumption on time/frequency offset value is 2 μs and 200 Hz. Based on that, we think that for FeCoMP demodulation test case we can use the same time/frequency offset configuration for TP2.
Summary
Based on discussions from this section we make the following proposal:

Proposal #1:
Introduce TM10 NC-JT PDSCH demodulation test cases

· Test purpose: Verify NC-JT UE demodulation functionality

· Scenario: UE receives NC-JT PDSCH from TP1 (serving cell) and TP2

· Test #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)

· Test #2: 4RX UE receives 3 MIMO layers PDSCH (1 MIMO layer from TP1 and 2 MIMO layers from TP2)

· Antenna configuration:

· Test #1: 2x2 ULA low

· Test #2: 4x4 ULA low

· Power imbalance 

· Test #1: Equal between the TPs (SNRTP1 = SNRTP2)

· Test #2: SNR TP2 is 3 dB high than SNR TP1 (SNRTP1 = SNRTP2 – 3dB)

· FRC: 16QAM, MCS 13.

· 2 CRS APs for each TP
· Beamforming model: Random PMI
· Different cell ID among TPs

· Colliding CRS patterns in the two cells
· TP2 time offset = 2 μs, frequency offset -= 200 Hz.
3. Simulation results

In this section we provide our initial simulation results for scenarios with NC-JT transmission: 
· Scenario #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)
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· Scenario #2: 4RX UE receives 3 MIMO layers PDSCH (1 layer from TP1 and 2 layers from TP2)
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For each scenario we investigate the following subset of scenarios:
· Case #1: Only TP1 is active (i.e. conventional SU-MIMO)
· Case #2: Both TP1 and TP2 are active. UE applies correct time/frequency offset estimation/compensation of signal from TP 2.

· Case #3: Both TP1 and TP2 are active. UE applies incorrect time/frequency offset estimation/compensation of signal from TP 2.

In Annex detailed information about our simulation assumption is captured. In Figure 1 and Figure 2 we provide our simulation results for Scenario #1 and Scenario #2 respectively.
	2x2, ULA, Low antenna correlation.
[image: image3.emf]0 5 10 15 20

SNR TP1, dB

0

5

10

15

20

25

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM10, EPA-5Hz, Rank 2

TP1, TFOC correct

NC-JT, TP1+TP2, TFOC correct

NC-JT, TP1+TP2, TFOC incorrect


	2x2, ULA, High antenna correlation.
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	Figure 1. Simulation results – Scenario #1


	4x4, ULA, Low antenna correlation.
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	4x4, XPL, High antenna correlation.
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	Figure 2. Simulation results – Scenario #2


Observation: 

· For the considered scenarios performance of NC-JT is better than the performance in scenario with one active TP
· Incorrect time/frequency offset compensation leads to significant NC-JT performance degradation. 
4. Conclusions

In this contribution we provided views on the target FeCoMP UE demodulation requirements. In summary, we make the following proposals:
Proposal #1:
Introduce TM10 NC-JT PDSCH demodulation test cases

· Test purpose: Verify NC-JT UE demodulation functionality

· Scenario: UE receives NC-JT PDSCH from TP1 (serving cell) and TP2

· Test #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)

· Test #2: 4RX UE receives 3 MIMO layers PDSCH (1 MIMO layer from TP1 and 2 MIMO layers from TP2)

· Antenna configuration:

· Test #1: 2x2 ULA low

· Test #2: 4x4 ULA low

· Power imbalance 

· Test #1: Equal between the TPs (SNRTP1 = SNRTP2)

· Test #2: SNR TP2 is 3 dB high than SNR TP1 (SNRTP1 = SNRTP2 – 3dB)

· FRC: 16QAM, MCS 13.

· 2 CRS APs for each TP
· Beamforming model: Random PMI
· Different cell ID among TPs

· Colliding CRS patterns in the two cells
· TP2 time offset = 2 μs, frequency offset -= 200 Hz.
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Annex – Test parameters
Table 1. PDSCH Test - 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
	Random beamforming 

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

	CSI reference signals 0
	
	Test #1: Antenna ports {15,16}
Test #2: Antenna ports {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
	Test #1: Antenna ports {15,16}
Test #2: Antenna ports {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]
	Test #1: [SNR2 = SNR1]

Test #2: [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 (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
	
	Fraction of Maximum Throughput (%)
	SNR1 (dB)
	

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

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


Table 3. PDSCH test - FRC

	Parameter 
	Unit 
	Value

	
	
	R.X
	R.Y

	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
	11448

	For Sub-Frames 2,7 
	Bits 
	11448
	11448

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

	For Sub-Frame 0 
	Bits 
	9528
	9528

	Number of Code Blocks (Note 4)
	
	
	

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

	For Sub-Frames 2, 7 
	Code blocks
	2
	2

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

	For Sub-Frame 0 
	Bits 
	2
	2

	Binary Channel Bits
	
	
	

	For Sub-Frames 1,3,4,6,8,9 
	Bits 
	24000
	21600

	For Sub-Frames 2,7 
	Bits
	22400
	19200

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

	For Sub-Frame 0 
	Bits 
	19680
	17712

	Max. Throughput averaged over 1
frame
	Mbps 
	10.1112
	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).
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