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1. Introduction
In RAN4 #68, further progress was made for test case design for CoMP demodulation test and agreement was captured in WF [1] and test framework document [2]. Remaining parameters to be determined are
· Test 1-A (scenario 4 without DPS)

· rank and MCS: 16-QAM ½ rank 2, 64-QAM ½ rank 1
· power offset between TPs: 0dB, 6dB, -6dB
· propagation channel: EPA5L for both TP1 and TP2,  ETU5L for TP1 and EPA5L for TP2
· test 1-B (scenario 4 with DPS)

· rank and MCS: 16-QAM ½ rank 2, 64-QAM ½ rank 1

· timing offset model: static timing offset,  dynamic timing offset
· propagation channel: EPA5L for both TP1 and TP2, EVA5L for both TP1 and TP2
· test 2-A (scenario 3 with colliding CRS + without CRS-IC)
· rank and MCS: 16-QAM ½ rank 1, 16-QAM ½ rank 2, 64-QAM ½ rank 1

· test 2-B (scenario 3 with colliding CRS + with CRS-IC)

· whether to introduce this test or not

· test 2-C (scenario 3 with non-colliding CRS)
· power offset between TPs: 4dB, 8dB
· rank and MCS: 16-QAM ½ rank 1, 64-QAM ½ rank 1
 In this contribution, we provide simulation results based on parameters in [2] and propose our recommendation on remaining details. 
2. Test 1-A (scenario 4 without DPS)
Test 1-A is applicable to 7-0 UE with single CSI process capability. The purpose of this test is to verify UE’s proper behavior in CoMP network in terms of timing offset compensation, CINR estimation and channel parameter estimation.  In the test, TP1 is serving cell and TP2 is non-serving TP sharing CRS with TP1. PDSCH is assumed to be transmitted by TP2. Table 1 lists detailed test configuration for test 1-A as captured in [2]. Note that propagation channels are different than what was agreed in [2]. In the simulation, behavior A UE estimates timing, CINR and channel parameter estimation based on serving TP CRS while behavior B UE performs estimation of those parameters using DM-RS or quasi-collocated CSI-RS. 
Table 1: Simulation assumption of test 1-A for timing offset compensation (7-0 UE)
	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 

· Other value is not precluded
	Simulation results are provided for 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 

	Frequency error (Hz)
	0
	0

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Figure 1 shows PDSCH demodulation performance with 0dB power offset between TP1 and TP2 for different propagation channel combination and MCS. From the simulation results, it can be observed that
· Demodulation performance of behavior B UE is almost same for 2.0us and -0.5us timing offset between TPs. Thus, we will be able to define same performance requirements for 2.0us and -0.5us timing offset.
· When EPA5L channel is used for both TP1 and TP2, performance degradation of behavior A UE is much bigger for 2.0us timing offset than for -0.5us timing offset. When ETU5L channel is for TP1 and EPA5L channel is used for TP2, performance degradation of behavior A UE is large for both 2.0us and -0.5us timing offset.
· Performance gap between behavior A and behavior B UE is larger for 64-QAM rank 1 PDSCH than for 16-QAM rank 2 PDSCH.
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Figure 1. Test 1-A simulation results for different propagation channel combination and MCS
It’s like serving cell timing reference for ETU5L channel is delayed than first multipath taps, which causes balanced timing offset in PDSCH from TP2 for 2.0us and -0.5us timing offset. From these observation, we would like to propose following for test 1-A. 

Proposal 1. For test 1-A, select 64-QAM rank 1 for PDSCH MCS and ETU5L channel for TP1 propagation channel. 

Figure 2 shows the effect of power offset between TPs in test 1-A. Here power offset is defined as 
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. We can see that performance degradation for behavior A UE becomes larger as TP1 power decreases. This happens because behavior A UE estimates CINR from serving TP CRS ports instead of DM-RS ports from TP2. For type A UE, as TP1 power gets smaller and thus CINR estimate gets lower, channel estimation filter bandwidth becomes narrower. This causes huge error in channel estimation and corresponding demodulation performance degradation when there is also timing offset for TP2 PDSCH.
Proposal 2. Consider -6dB power offset if RAN4 agrees to introduce power offset between TPs in test 1-A. 
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(a) 6dB power offset                                                           (b) 0dB power offset
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(c) -6dB power offset
Figure 2. Effect of power offset between TPs in test 1-A
3. Test 1-B (scenario 4 with DPS)
Test 1-B is applicable to 7-1 UE with multiple CSI process capability. The purpose of this test is to verify UE’s proper behavior in CoMP network in terms of timing offset compensation.  In the test, TP1 is serving cell and TP2 is non-serving TP sharing CRS with TP1. PDSCH is assumed to be transmitted alternatively either by TP1 or TP2. TP for PDSCH transmission is selected randomly by TE (test equipment) with certain probability distribution. Table 2 lists detailed test configuration for test 1-B as captured in [2]. In the simulation, pre-FFT timing is estimated by TP1 CRS. 
Table 2: Simulation assumption of test 1-B for timing offset compensation with DPS transmission (7-1 UE)
	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
	Performance provided for 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
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Dynamic timing offset model: 



	Frequency error (Hz)
	0
	0

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Behavior A UE performs no post-FFT timing offset compensation while behavior B UE performs post-FFT timing offset estimation and compensation according to PQI signaling in PDCCH. 

Figure 3 and figure 4 show PDSCH demodulation performance in test 1-B with static and dynamic timing offset. In the simulation, TP2 signal is delayed w.r.t TP1 signal with either static timing offset of 2.0us or -0.5us or dynamic timing offset defined in table 2. From the simulation results, it can be observed that

· Demodulation performance of behavior B UE is almost same irrespective of timing offset for TP2. 

· Performance degradation for behavior A UE is larger in EPA5L channel than in EVA5L channel. This happens since channel estimation in small delay spread channel is more sensitive to uncompensated timing offset. 
· 64-QAM ½ rank 1 is more sensitive to uncompensated timing offset than 16-QAM ½ rank 2. 

· For static timing offset, performance degradation for -0.5us timing offset is smaller than for 2.0us timing offset. Performance degradation for dynamic timing offset case falls in between static timing offset of 2.0us and -0.5us. 
From these observation, we would like to propose following for test 1-B. 

Proposal 3. For test 1-B, select 64-QAM rank 1 for PDSCH MCS and EPA5L channel for propagation channel. 

Proposal 4. For test 1-B, either static timing offset or dynamic timing offset can be used as TP2 timing offset model. 
[image: image9.emf]0 5 10 15 20 25

0

5

10

15

20

25

CINR (dB)

Throughput (Mbps)

test 1B, 16-QAM 1/2 rank 2, EPA5L

 

 

timing offset=2.0us, QCL type B

timing offset=-0.5.0us, QCL type B

timing offset=2.0us, QCL type A

timing offset=-0.5us, QCL type A

[image: image10.emf]0 5 10 15 20 25

0

5

10

15

20

25

CINR (dB)

Throughput (Mbps)

test 1B, 16-QAM 1/2 rank 2, EVA5L

 

 

timing offset=2.0us, QCL type B

timing offset=-0.5.0us, QCL type B

timing offset=2.0us, QCL type A

timing offset=-0.5us, QCL type A


[image: image11.emf]0 5 10 15 20 25

0

2

4

6

8

10

12

14

16

CINR (dB)

Throughput (Mbps)

test 1B, 64-QAM 1/2 rank 1, EPA5L

 

 

timing offset=2.0us, QCL type B

timing offset=-0.5.0us, QCL type B

timing offset=2.0us, QCL type A

timing offset=-0.5us, QCL type A

[image: image12.emf]0 5 10 15 20 25

0

2

4

6

8

10

12

14

16

CINR (dB)

Throughput (Mbps)

test 1B, 64-QAM 1/2 rank 1, EVA5L

 

 

timing offset=2.0us, QCL type B

timing offset=-0.5.0us, QCL type B

timing offset=2.0us, QCL type A

timing offset=-0.5us, QCL type A


Figure 3. Test 1-B simulation results for static timing offset
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Figure 4. Test 1-B simulation results for dynamic timing offset

4. Test 2-A (scenario 3 test with colliding CRS + no CRS-IC)
Test 2-A is CoMP scenario 3 test with colliding CRS and supposed to be applicable to UE that does not support CRS-IC (interference cancellation). In previous meeting, RAN4 agreed to introduce test 2-A based on the assumption that CRS-IC might not be a mandatory feature for Rel-11 UE. However, in RAN #61, it was finally agreed to mandate CRS interference handling for both FDD and TDD [3]. Even though there is still controversy over how UE determines IC cell in CoMP scenario, we believe at least RAN4 can agree on serving cell CRS cancellation when decoding PDSCH from non-serving TP. Thus, test 2-C would be applicable to all Rel-11 UE. 
Proposal 5. Don’t introduce test 2-A since CRS-IC is mandatory feature for Rel-11 UE. 

5. Test 2-B (scenario 3 test with colliding CRS + CRS-IC)

Test 2-B is CoMP scenario 3 tests with colliding CRS and supposed to be applicable to UE that supports CRS-IC. For colliding CRS scenario, CRS interference would affect frequency offset estimation from quasi-collocated CRS. Considering that CRS interference handling and frequency offset compensation can also be verified in test 2-C and it is easier to discriminate UE with and without proper CRS interference handling in test 2-C, we would like to propose to exclude test 2-B in CoMP demodulation test. 
Proposal 6. Don’t introduce test 2-B since test coverage of test 2-B and test 2-C overlaps and test 2-C is better for good and bad UE discrimination. 
6. Test 2-C (scenario 3 test with colliding CRS)
Test 2-C is CoMP scenario 3 test with non-colliding CRS. In the test, TP1 is serving TP transmitting only CRS and UE gets PDSCH from TP2.  Table 3 lists detailed test configuration for test 2-C as captured in [2]. In the simulation, pre-FFT frequency offset is estimated from TP1 CRS. Type A UE performs no post-FFT frequency offset compensation while type B UE performs post-FFT frequency offset estimation and compensation according to PQI signaling in PDCCH. Also, UE is required to cancel CRS interference from TP1 on PDSCH from TP2. 
Figure 5 shows simulation results for test 2-C. It can be observed that
· Performance of type B UE is not affected by power offset between TP1 and TP2 since UE can reliably cancel strong CRS interference and also compensate frequency offset.
· Performance degradation of type A UE larger for higher MCS and larger power offset. 
We would like to propose 16-QAM ½ rank 1 as MCS for test 2-C to cover lower CINR region for TM10 demodulation test when test 1-A or 1-C covers medium to high CINR region. For power offset, we prefer 8dB power offset to guarantee UE operation with larger CoMP threshold. 
Proposal 7. Select 16-QAM ½ rank 1 as MCS for test 2-C. For power offset between TPs, select 8dB. 

Table 3: Simulation assumption of test 2-C for frequency offset compensation with CRS-IC

	Parameter
	TP1 (high power TP)
	TP2 (low power TP)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz

	Cell ID
	0
	1

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2

	Channel model
	EPA
	EVA

	Doppler frequency (Hz)
	5Hz
	5Hz

	Antenna configuration
	2x2 Low
	2x2 Low

	SNR (seen at UE receivers)
	SNR TP2+XdB

X=

· 4dB 

· 8dB 
	Performance provided for SNRTP2 =0:2:24

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

	Transmission mode
	N/A
	10

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

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

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

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

	ZP CSI-RS 1 configuration
	NA
	2

	CSI-RS 1 configuration
	NA
	0

	PDCCH decoding
	ideal

	PMI
	N/A
	Random

	MCS & Rank
	N/A
	· 16QAM 1/2 Rank1 

· 64QAM 1/2 Rank1

· Interesting companies can provide rank 2 results 

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	8
	8

	Maximum number of HARQ transmission
	4
	4

	Number of OFDM symbols for PDCCH
	1
	2

	Timing offset (us)
	0
	0

	Frequency error (Hz)
	0
	200

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum
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Figure 5. Test 2-C simulation results 

7. Conclusion 
In this contribution, we provided further simulation results for CoMP demodulation test to finalize remaining test parameters. Based on what we observe from simulation, we proposed following. 
Proposal 1. For test 1-A, select 64-QAM rank 1 for PDSCH MCS and ETU5L channel for TP1 propagation channel. 

Proposal 2. Consider -6dB power offset if RAN4 agrees to introduce power offset between TPs in test 1-A. 

Proposal 3. For test 1-B, select 64-QAM rank 1 for PDSCH MCS and EPA5L channel for propagation channel. 

Proposal 4. For test 1-B, either static timing offset or dynamic timing offset can be used as TP2 timing offset model. 

Proposal 5. Don’t introduce test 2-A since CRS-IC is mandatory feature for Rel-11 UE. 

Proposal 6. Don’t introduce test 2-B since test coverage of test 2-B and test 2-C overlaps and test 2-C is better for good and bad UE discrimination. 

Proposal 7. Select 16-QAM ½ rank 1 as MCS for test 2-C. For power offset between TPs, select 8dB. 

We would like to recommend considering our proposals in the defining CoMP demodulation test. 
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