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1
Introduction
In RAN4#68bis, the following DL CoMP PDSCH demodulation test were agreed for the case of timing offset between CoMP transmission points [1]:

· Test 1 Verify that UE performs correct timing offset compensation, channel parameters estimation and rate matching behavior in DL CoMP scenario 4
· Test 1-A: Timing offset test under CoMP scenario 4 for 7-0 UE without DPS (fixed PDSCH transmission point).
· Test 1-B: Timing offset test under CoMP scenario 3 for 7-1 UE with DPS.
The parameters for the timing offset test were agreed in the framework document [1]. Additionally, it was noted by several companies that using the ETU channel for the PDSCH TP may be undesirable for distinguishing QCL behavior B vs. behavior A and the following two options were given: i) Option 1: EPA5L for both TP1 and TP2, ii) Option 2: ETU5L for TP1 and EPA5L for TP2. In this paper, we evaluate Test 1-A (option 1) and Test 1-B, using the agreed framework [1] and WF document [2]. We propose missing test parameters based on our simulation results and express our view on some open issues.
2
PDSCH performance in agreed testing scenarios

2.1 Test 1-A

To verify test 1-A, we conducted LLS simulations under the agreed parameters of Table A.1 of Annex A. We plot the PDSCH throughput versus PDSCH SNR (TP2) when the serving cell SNR (TP1), i.e. interfering cell, is at the same level (0 dB gain) of the PDSCH SNR. A behaviour A UE can only lock onto CRS from the serving cell while behaviour B UE can lock onto CRS from the serving cell and CSIRS from the PDSCH cell to compensate for timing offset (using a combination of pre- and post-FFT operations). Figures 1 and 2 show the results under the fixed reference channels of Table A.4 of Annex A, respectively. Table 1 lists the SNR points at %70 relative PDSCH throughput. We slightly prefer the MCS19 fixed reference channel due to larger separation between behaviour A and B.
Proposal 1: Define UE demodulation test 1-A for DL CoMP under TM10 and QCL assumptions based on the fixed reference channel of MCS19 (of Table A.4) under the agreed parameters (of Table A.1), at 9.4 dB PDSCH SNR for ∆t = 2 µs and 9.8 dB PDSCH SNR for ∆t = -0.5 µs.
Table 1: Simulation results for Test 1-A (Option1)
	Required SNR at %70 relative throughput (from Fig 1,2)
	MCS Level

	
	MCS13 16QAM ½ rank 2
	MCS19 64QAM ½ rank 1

	Ideal (∆t = 0 µs)
	10.0 dB
	8.5 dB

	Behavior A (∆t = 2 µs)
	N/A
	N/A

	Behavior B (∆t = 2 µs)
	10.3 dB
	9.4 dB

	Behavior A (∆t = -0.5 µs)
	13.7 dB
	14.7 dB

	Behavior B (∆t = -0.5 µs)
	10.3 dB
	9.8 dB
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Fig 1: Test 1-A (Option1): MCS13 16QAM 1/2, rank 2, SNRTP1 = SNRTP2 + 0dB
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Fig 2: Test 1-A (Option1): MCS19 64QAM 1/2, rank 1, SNRTP1 = SNRTP2 + 0dB
2.2 Test 1-B

The purpose of test 1-B is to test a category 7-1 UE when the PDSCH is dynamically changed between transmission points, i.e. DPS mode. The selection of the PDSCH TP is made based on the PQI states show in Table A.3 of the Annex and the switching is such that the PDSCH transmission is dynamic switch between 2TPs according to PQI state which is random selected from 4 PQI state sets at each sub-frame. The probability of PDSCH transmission in TP1 or in TP2 is asymmetric. During test, [30%] transmit at TP1, and [70%] transmits at TP2. The probability of PQI states corresponding to same TP is symmetric. To verify test 1-B, we conducted LLS simulations under the agreed parameters of Table A.2 of Annex A for different MSC levels and different channel configurations. Figures 3-6 show the corresponding results. From these plots we see that the best cast which yields the largest separation between behaviour A and B is Fig. 4 (TP1:EPA5, TP2:EPA5, 64QAM 1/2 , DSP = TP1:TP2=30%:70%). Table 2 lists the SNR points at %70 relative PDSCH throughput for this figure. Based on our results we proposed the following test:
Proposal 2: Define UE demodulation test 1-B for DL CoMP under TM10 and QCL assumptions based on the fixed reference channel of MCS19 (of Table A.4) under the agreed parameters (of Table A.2), at 9.2 dB PDSCH SNR for ∆t = 2 µs and 9.6 dB PDSCH SNR for ∆t = -0.5 µs.
Table 2: Simulation results for Test 1-B
	Required SNR at %70 relative throughput (from Fig. 4)
	MCS Level

	
	TP1:EPA5, TP2:EPA5, 64QAM 1/2 , DSP = TP1:TP2=30%:70%

	Ideal (∆t = 0 µs)
	9.0 dB

	Behavior A (∆t = 2 µs)
	N/A

	Behavior B (∆t = 2 µs)
	9.6 dB

	Behavior A (∆t = -0.5 µs)
	13.6 dB

	Behavior B (∆t = -0.5 µs)
	9.2 dB
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Fig 3: Test 1-B: TP1:EPA5, TP2:EPA5, 16QAM ½ DPS = TP1:TP2=30%:70%
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Fig 4: Test 1-B: TP1:EPA5, TP2:EPA5, 64QAM ½ DSP = TP1:TP2=30%:70%
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Fig 5: Test 1-B: TP1:EVA5, TP2:EPA5, 16QAM ½ DPS = TP1:TP2=30%:70%
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Fig 6: Test 1-B: TP1:EVA5, TP2:EPA5, 64QAM ½ DSP = TP1:TP2=30%:70%
3
Conclusion

We conducted simulations based on the most recent framework for QCL impact on TM10 UE demodulation performance. Based on our results we proposed the following tests:
Proposal 1: Define UE demodulation test 1-A for DL CoMP under TM10 and QCL assumptions based on the fixed reference channel of MCS19 (of Table A.4) under the agreed parameters (of Table A.1), at 9.4 dB PDSCH SNR for ∆t = 2 µs and 9.8 dB PDSCH SNR for ∆t = -0.5 µs.
Proposal 2: Define UE demodulation test 1-B for DL CoMP under TM10 and QCL assumptions based on the fixed reference channel of MCS19 (of Table A.4) under the agreed parameters (of Table A.2), at 9.2 dB PDSCH SNR for ∆t = 2 µs and 9.6 dB PDSCH SNR for ∆t = -0.5 µs.
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Annex A

Simulation assumptions
Table A.1: Simulation assumption of test 1-A for timing offset compensation 7-0
	Parameter
	TP1 (high power TP)
	TP2 (low power TP)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz


	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2

	CellID
	0, Scenario 4

	Channel model
	EPA
	ETU [EPA]

	Doppler frequency (Hz)
	5Hz
	5Hz

	Antenna configuration
	2x2 Low
	2x2 Low

	SNR (seen at UE receivers)
	SNR TP2+XdB X =0 dB+/ 6dB 
	SNR =0:2:24 dB

	Number of allocated resource blocks (PRB)
	N/A
	50

	Transmission mode
	N/A
	10

	Cell-specific reference signals
	Port {0,1}
	NA

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

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A
	5/2

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	N/A
	5/2

	CSI-RS 1 configuration
	N/A
	8

	ZP CSI-RS 1 configuration
	N/A
	5

	PDCCH decoding
	[ideal]

	PMI
	N/A
	Random

	MCS & Rank
	N/A
	· 16QAM 1/2 Rank2

· 64QAM 1/2 Rank1



	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	8
	8

	Maximum number of HARQ transmission
	4
	4

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset model
	2 fixed test points at 2us and -0.5 us
· FFS for whether different requirement will be defined for 2us and -0.5us
	0

	Frequency error (Hz)
	0
	0

	Simulation length
	>10000 
	>10000 


Table A.2: Simulation assumption of test 1-B for timing offset compensation 7-1 with DPS transmission
	Parameter
	TP1 (high power TP)
	TP2 (low power TP)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz


	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA

	PDSCH transmission Point
	PDSCH transmission is dynamic switch between 2TPs  according to PQI state which is random selected from 4 PQI state sets at each sub-frame. The probability of PDSCH transmission in TP1 or in TP2 is asymmetric. During test, [30%] transmit at TP1, and [70%] transmits at TP2. The probability of PQI states corresponding to same TP is symmetric.

	DPS transmission hypothesis 
	PQI configuration as shown in table 4 below

	CellID
	0, Scenario 4

	Channel model
	· EPA for both TP1 and TP2

· EVA for both TP1 and TP2
· Possibility of different channel model for TP1 and TP2 are not precluded

	Doppler frequency (Hz)
	5Hz
	5Hz

	Antenna configuration
	2x2 Low
	2x2 Low

	SNR (seen at UE receivers)
	SNR TP2+CdB, C =0dB
	SNR =0:2:24

	Number of allocated resource blocks (PRB)
	N/A
	50

	Transmission mode
	10
	10

	Cell-specific reference signals
	Port {0,1}
	NA

	CSI reference signals 0
	Port {15,16}
	NA

	CSI-RS 0 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	5/2
	NA

	CSI-RS 0 configuration
	0
	NA

	CSI reference signals 1
	NA
	Port {15,16}

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2

	CSI-RS 1 configuration
	NA
	8

	ZP CSI-RS 0 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	5/2
	5/2

	ZP CSI-RS 0 configuration
	2
	2

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	5/2
	5/2

	ZP CSI-RS 1 configuration
	5
	5

	PDCCH decoding
	Ideal

	PMI
	Random

	MCS & Rank
	· 16QAM 1/2 Rank2  - 64QAM 1/2 Rank1 Same MCS is applied for PDSCH transmission from TP1 and TP2

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	8
	8

	Maximum number of HARQ transmission
	4
	4

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset model
	Timing model (order of priority, pending feasibility and proper test point selection):
· Set two test point for -0.5 and 2us
· [image: image7.wmf]]
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Dynamic timing offset model:



	Frequency error (Hz)
	0
	0

	Simulation length
	>10000
	>10000


Table A.3: Configurations of PQI and DL transmission hypothesis for each PQI set

	PQI set index
	Parameters for PDSCH RE Mapping and Quasi-Co-Location in each PQI set
	DL transmission hypothesis for each PQI Set

	
	CRS pattern
	PDSCH starting position
	NZP CSI-RS Index  (For quasi co-location)
	ZP CSI-RS configuration
	TP 1
	TP 2

	PQI set 0 
	CRS pattern 0 
	2
	NZP CSI-RS Resource  Index 0 
	ZP CSI-RS config 0 
	PDSCH 
	Blanked 

	PQI set 1 
	CRS pattern 0 
	2
	NZP CSI-RS Resource Index 0 
	ZP CSI-RS config 1
	PDSCH 
	Blanked 

	PQI set 2 
	CRS pattern 0 
	2
	NZP CSI-RS Resource Index 1 
	ZP CSI-RS config 0 
	Blanked 
	PDSCH 

	PQI set 3 
	CRS pattern 0 
	2
	NZP CSI-RS Resource Index 1 
	ZP CSI-RS config 1 
	Blanked 
	PDSCH 


Table A.4: Fixed Reference Channel
	Parameter
	Unit
	Value

	Reference channel
	
	R.1 FFD
	R.2 FFD

	Channel bandwidth
	MHz
	10
	10

	Allocated resource blocks (Note 3)
	
	50
	50

	Allocated subframes per radio frame
	
	9
	9

	Modulation
	
	16QAM
	64QAM

	Target coding rate
	
	½
	½

	Information bit payload per sub-frame
	
	
	

	For sub-frames 1,3,4,6,8,9
	Bits
	11448
	18336

	For sub-frames 2,7
	Bits
	11448
	16416

	For sub-frame 5
	Bits
	N/A
	N/A

	For sub-frame 0
	Bits
	9528
	14688

	Number of code blocks (Note 4)
	
	
	

	For sub-frames 1,3,4,6,8,9
	Code blocks
	2
	3

	For sub-frames 2,7
	Code blocks
	2
	3

	For sub-frame 5
	Bits
	N/A
	N/A

	For sub-frame 0
	Bits
	2
	3

	Binary channel bits
	
	
	

	For sub-frames 1,3,4,6,8,9
	Bits
	24000
	36000

	For sub-frames 2,7
	Bits
	22800
	34200

	For sub-frame 5
	Bits
	N/A
	

	For sub-frame 0
	Bits
	19680
	29520

	Max. Throughput averaged over 1 frame
	Mbps
	10.112
	15.754

	Note 1:   2 symbols allocated to PDCCH.

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

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).


� EMBED Equation.3  ���
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