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1 Introduction

In RAN 4 68 the way forward in [1] as well as the framework document [2-3840] were agreed.
· Framework for Demod test 
· Test 1-A: CoMP scenario 4 
· Test 1-B: CoMP scenario 4 with DPS
· Test 2-A: CoMP scenario 3 with colliding CRS without CRC-IC
· Test 2-C: CoMP scenario 3 with non-colliding CRS with CRS-IC 
· FFS in next meeting
· Test 2-B: CoMP scenario 3 with colliding CRS with CRS-IC
· FFS for whether only serving cell needs to be cancelled or other cells also need to be cancelled
· FFS whether to introduce additional test under CoMP scenario 3 for PDCCH and PDSCH overlapping. 
· Other test cases are not precluded
· On top of agreed test parameters in last meeting, some further agreement of test parameters are captured in slide 4, slide 5 and slide 6. 
· Updated framework will capture all the agreed simulation parameters
· Companies are encouraged to provide more simulation results in next meeting
· The options of certain test parameters as marked in red will be decided in next meeting depending on whether different UE behavior can be  discriminated 
In this contribution we provide initial simulation results for test 1-A and test 1-B. Results for test 2 are presented in a companion paper, [2].
2 Test 1-A

The purpose of this test is to verify UE performing correct timing offset compensation, channel parameters estimation and rate matching behavior in DL CoMP scenario 4. 

It was decided to Introduce SNR test in TM9 rather than TM10 as working assumption based on the assumption that a TM10 UE will also needs pass TM9 test. 

The following simulation assumptions have been considered:

Table 2: 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
	Option 1: EPA
Option 2: ETU
	Option 1: EPA 

Option 2: 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
· Additionally the same sinusoidal time change as in test 2-A is considered here and some results are provided. Dynamic timing offset model: 
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· 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


All the figures show the following curves.
· Throughput obtained with correct timing compensation, correct PDP (correct behaviour B)
· Throughput obtained with correct timing compensation, but wrong PDP estimation
· Throughput obtained with wrong/no timing compensation but correct behavior B for the other parameters.
· Throughput obtained with wrong/no timing compensation, wrong PDP estimation (wrong delay spread i.e. wrong behaviour A).
Figure 1 show the results for ETU used for TP1 and EPA used for TP2 for 16QAM rank 2 for -0.5musec and 2musec timing offset

Figure 2 and 4 (a, b, c) show the results for 16QAM rank 2 a,d 64QAM rank 1 for different power offset 0, -6dB and 6dB with 2musec and -0.5 fixed timing error for EPA for both TP1 and TP2. 

Figure 3 and 5 provides results for sinusoidal time model for TP2 which guarantees the UE is correctly tracking the time difference between the TPs.

Figure 6 provides the simulation results for 64QAM ½ rank 1 and rank=2 with sinusoidal timing difference, EPA for TP1 and EVA for TP2. TP1/TP2=0dB.
From the figures provided below the following observations can be drawn:

· When ETU is used for TP 1 and EPA is used for TP2, the performance results for wrong behavior A are better than the results when timing is not compensated but the other parameters ( e.g. PDP) is estimated according to behavior B. In case of behavior A in fact the UE estimate ETU channel as PDP for TP2 rather than EPA. Since the channel parameters are based on ETU then less filtering is performed and used for TP2. In case of uncompensated time error (uncompensated rotation) this will give better results.   If RAN 4 decided to consider test 1-A to test correct behavior in terms of PDP then EPA for TP1 and EVA for TP2 could be considered together with 64QAM RI=2 (even if the difference between the performance with behavior B with correct and wrong PDP estimation is not very large.  
· If the same PDP is used for TP1 and TP2 it is not possible to test whether the UE performs correct PDP estimation.  

· In case of TP1/TP2=0dB and TP1/TP2=6dB performance for wrong behavior A in high SNR region are better than the case of correct behavior B but wrong time estimation. The noise estimation for DM-RS will be biased by the uncompensated rotation, yielding a lower SNR. This will not be the case for CRS based SNR estimation. Less filtering, in the channel estimation/interpolation, is applied for higher SNRs and hence the wrong behavior A will be less sensitive to an uncompensated rotation. 
· The Imbalance TP1/TP2=6dB gives a better discrimination between correct behavior B and wrong behavior A.

· For -0.5musec timing error it is very often difficult to discriminate between correct and wrong behavior. By introducing a fixed timing error we do not guarantee that the UE is able to perform an algorithm which always tracks the time difference between TP2 and TP1 and compensate for it. By considering this test set up a UE with fixed timing compensation equal to the extreme of the interval (e.g. only estimating whether a positive or negative compensation is needed without a fine tracking) could easily fulfill the requirement.  Sinusoidal timing change prevents this situation.
The following proposals are made:
Proposal 1. If correct PDP estimation is tested together with test 1, EPA for TP1 and EVA for TP2 together with 64QAM RI=2 could be considered even if the performance difference between worng and correct behavior is not very large. ETU and EPA are not suitable conditions.
In case PDP is not tested together with test 1 then:

Proposal 2. Use TP1/TP2 =6dB dB

Proposal 3: Use 64QAM rank 1 conditions
In general
Proposal 4. Consider the sinusoidal timing behavior for TP2 to prevent wrong behaviours in terms of time tracking.
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Figure 1. 16QAM ½ rank 2  with 2musec, with option 2 (ETU for TP1 and EPA for TP2). TP1/TP2=6dB.
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(c)

Figure 2. 16QAM ½ rank 2  with 2musec, -0.5musec for TP2 with option 1 (EPA for TP1 and TP2), (a) TP1/TP2=0dB, (b) TP1/TP2=-6dB, (c) TP1/TP2=6dB
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Figure 3. 16QAM ½ rank 2  with sinusoidal timing for TP2 with option 1 (EPA for TP1 and TP2), (a) TP1/TP2=0dB
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Figure 4. 64QAM ½ rank 1  with 2musec, -0.5musec for TP2 with option 1 (EPA for TP1 and TP2), (a) TP1/TP2=0dB, (b) TP1/TP2=-6dB, (c) TP1/TP2=6dB
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Figure 5. 64QAM ½ rank 1  with sinusoidal timing for TP2 with option 1 (EPA for TP1 and TP2), TP1/TP2=0dB
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(a)                                                                        (b)
Figure 6. 64QAM ½ rank 1 (a) and 64QAM ½ rank=2 (b) with sinusoidal timing difference, EPA for TP1 and EVA for TP2. TP1/TP2=0dB
3 Test 1-B

This section provides the simulation results for test 1-B. Table 2 provides the set up used for the simulations.
Table 2. Set up for Test 1-B.

	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 3 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
We simulate the case of EPA for both TP1 and TP2.


	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: 
We simulate the DPS test with the dynamic timing offset model for TP2. 

	Frequency error (Hz)
	0
	0

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

	


Table 3 provides the PQI states.

Table 4: 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 


Figure 7 and 8 show the performance results for 16QAM ½ rank=2 and for 64QAM ½ rank 1 with the following curves (note that all the figures show the following curves (all shown as fraction of maximum throughput).
· Throughput obtained with correct timing compensation, correct PDP (correct behaviour B)

· Throughput obtained with correct timing compensation, but wrong PDP estimation
· Throughput obtained with wrong/no  timing compensation but correct behavior A for the other parameters.
· Throughput obtained with wrong/no timing compensation, wrong PDP estimation (wrong delay spread i.e. wrong behaviour A).
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Figure 7. 16QAM ½ rank=2 EPA for both TP1 and TP2 
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Figure 8. 64QAM ½ rank=1, EPA for both TP1 and TP2
The proposals are as follows:

Proposal 5:  Consider dynamic timing model to make sure that time tracking UE capability is tested.

Proposal 6: consider 64QAM ½ RI=1 to discriminate between correct and wrong timing error compensation. 

Note that if correct PDP estimation is tested together with timing ETU channel for TP1 and EPA for TP2 can not be considered, for the same reasons shown in Section 2. 
4 Conclusions

For test 1-A the following is proposed:

If correct PDP estimation is tested together with test 1
Proposal 1: EPA for TP1 and EVA for TP2 together with 64QAM RI=2 could be considered even if the performance difference between worng and correct behavior is not very large. ETU and EPA are not suitable conditions.
In case PDP is not tested together with test 1 then:

Proposal 2. Use TP1/TP2 =6dB dB

Proposal 3: Use 64QAM rank 1 conditions
In general
Proposal 4. Consider the sinusoidal timing behavior for TP2 to prevent wrong behaviours in terms of time tracking.

For test 1-B the following is proposed:
Proposal 5:  Consider dynamic timing model to make sure that time tracking UE capability is tested.

Proposal 6: consider 64QAM ½ RI=1 to discriminate between correct and wrong timing error compensation. 

Note that if correct PDP estimation is tested together with timing ETU channel for TP1 and EPA for TP2 can not be considered, for the same reasons shown in Section 2. 
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