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The Ad Hoc for geographically non-collocated antennas (non-quasi-co-located antennas) was held on Thursday evening in RAN4 #64bis.
Legend:

Agreed Way Forward in the ad hoc discussion
No consensus during the ad hoc discussion
The target of the ad hoc is to agree on the simulation assumptions for RAN4#65:

The agreed simulation assumptions are highlighted in green in Table 1

Table 1: Simulation assumption for RAN4#65
	Parameters
	Proposals
	Agreements/Notes

	Scenarios
	· UE is configured in Behaviour B
	All companies agree to test Behaviour B in contributions

	Number of TPs to be modelled
	· 2 TPs to be modelled in the simulation. However 2 PDP is not necessarily mandated; companies to indicate CRS transmitted from both TPs or single TP
· Indicate same or different cell ID are used for each TP
	

	Channel model
	· 
· 
· To be agreed in next meeting
	

	System bandwidth
	· 10MHz
· Smaller BW for interested companies only.
	

	Antenna configuration
	· 2*2 open loop
· 4*2 open loop
	

	Number of allocated resource blocks (PRB)
	· 50/3 
	

	Modulation and Code rate
	· FRC, 64QAM 3/4, 16QAM 1/2, QPSK 1/3 
	

	Power imbalance
	· Inter-resources CSI-RS: 0 to 10dB

CSI-RS vs CRS: 0-10dB

DM-RSs vs CRS: 0-15dB

DM-RS vs non colocated CSI-RS: 0-15dB 
	

	Timing offset (us)
	· [-2,2], step size 0.5 us
· Higher range by interested companies
· Companies to indicate: CSI-RS based or DMRS based; pre- or post-FFT correction
· For minus timing offset, indicate method for correction
· FFT boundary is determined based on practical timing tracking algorithm based on CRS
· Fixed shift is allowed
	

	Frequency error (Hz)
	· 0-200 for the purpose of the study, simulations to be provided after practical compensation
step size 50Hz
	

	Doppler spread
	· Do not consider different Doppler Spread for different nodes. 
	

	PDP
	· Behaviour B should be considered.
· Practical PDP estimator
	

	Cases to be simulated for RAN4#65
	· Case1: Performance impact due to timing error (High priority)
· Case 2: performance impact due to frequency error(High priority)
· Case 3: study the performance for UE which wrongly assumes behaviour A.
· Case 4: study the impact of FFT boundary shifts to UE CRS based operation. 
	


*Below is the summary of the technical points for the discussion in Table 1, only attached here for information:
1
Link level simulation results and observation
1.1
Reference
[1] R4-125159, Further discussion on antenna ports co-location, Huawei, HiSilicon
[2] R4-125204, Simulation results for UE performance in non-colocated antenna deployments, Renesas Mobile Europe Ltd
[3] R4-125320, Discussion and simulation results for geographically non-collocated antennas, Qualcomm Incorporated
[4] R4-125331, Simulation and discussion on the timing offset between CRS and PDSCH, Intel Corporation
[5] R4-125443, Performance results for timing offset under non colocation assumptions, Ericsson/ST-Ericsson
[6] R4-125445, Performance results for frequency error under non colocation assumptions, Ericsson/ST-Ericsson
1.2
Simulation results and observation
1.2.1 Timing impact

· In [1] from Huawei:
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Figure 1. Impact of timing tracking
Observation: It is clear that the performance difference between cases with timing tracking over CSI-RS and cases ideally synchronized is negligible for all scenarios evaluated.
Proposal 1: Define test cases to make sure that UE tracks on the correct timing for data demodulation when it is configured in Behaviour B.
· In [2] from Renesas:
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Figure 88: FRC (64QAM-3/4) – ETU5, +1s, 25 PRB
	[image: image4.emf]6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0

2

4

6

8

10

12

14

x 10

6

SNR [dB]

Throughput [bit/s]

TM9 4x2 EVA5, 25PRB 64QAM 3/4, offset +2.0µs

 

 

Ideal delay spr. and timing

CSI-RS estim.

DMRS estim.


Figure 60: FRC (64QAM-3/4) – EVA5, +2s, 25 PRB


-
Overall, ETU channel is less tolerant to propagation delays than EVA as expected which leads to a trade-off between the choice of PDP and the timing offset between transmission points (e.g. up to 1.0us for ETU and up to 2.0us for EVA), when it comes to the design of requirement scenarios. 

-
CSI-RS and DM-RS timing estimation for DM-RS demodulation were shown to perform equally well, with a clear gain of CSI-RS estimation at low SNR and for small data allocations. It is important that upcoming requirement scenarios leave implementation freedom wrt. the choice of CSI-RS/DM-RS as support for timing estimation. 

-
We see as important to cover both small and larger PDSCH allocations in requirement scenarios to guarantee good UE performance in both cases.
· In [4] from Intel Corporation:
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Observation 1: PDSCH performance degrades less with timing errors in ETU-5Hz, which has longer delay spread.

Observation 2: Negative timing errors tend to degrade PDSCH performance more because of loss of received signal energy.

Observation 3: Without PDSCH timing correction, even 1 us timing error between CRS and PDSCH can cause severe throughput loss.
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Observation 4: CSI-RS based timing correction for PDSCH can greatly improved throughput given a timing offset between CRS and PDSCH. However the issue with negative timing offset cannot be completely resolved by CSI-RS based timing correction.

Proposal 1: Further study is needed to mitigate the severe loss due to negative timing offset especially for high MCS levels.
· In [5] from Ericsson/ST-Ericsson:
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· Figure 10. 6PRBs Negative delays EPA
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· Figure 23: CL simulations for EPA, 50PRBs, negative delays.

In this paper we have analyzed the effect of timing offset to FRC and closed loop performance for several conditions.

The following is concluded:

1.
Do not define requirements based on ETU.

2.
Consider EPA or EVA with a sufficiently large timing offset which allows to discriminate between a UE which follows behavior B and a UE which follows behavior A (even if behavior B is signalled and if the NW has a non collocated deployment).

3.
The suggested timing offset can be  [-2, 2.5]musec, [-1.5, 3]musec or [-1,3.5]musec.
Discussion points:
1. Which channel models should be used for timing test?
2. Is it necessary to further study the impact of negative timing offset?

3. What is the proper timing offset to discriminate between a good and bad behaviour for UE when it is configured in Behaviour B?

Way forward:
1.2.2 Impact of frequency tracking error
· In [1] from Huawei:
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Figure 2. Impact of frequency tracking
Observation: The frequency offset can be compensated by using PDSCH DMRS if there is consecutive data transmission.
The frequency offset could be compensated by different implementation methods from the UE side. On the other hand, there are no related test cases to evaluate the impact of frequency error in RAN4 specification. Therefore, there is no need to add any cases to test frequency error. The frequency difference between macro cell and RRHs/picos with fiber backhaul can be assumed as ideal.
Proposal 2: The frequency difference between macro cell and RRHs/picos with fiber backhaul can be assumed as ideal, so there is no need to add test cases to evaluate the impact of frequency error.
· In [2] from Renesas:

	[image: image11.emf]-4 -3 -2 -1 0 1 2 3 4 5 6 7 8

0

1

2

3

4

5

6

x 10

6

SNR [dB]

Throughput [bit/s]

TM9 4x2 EVA5, 25PRB 16QAM 1/2, CSI-RS estim.

 

 

0 Hz freq. offset

30 Hz freq. offset

80 Hz freq. offset

100 Hz freq. offset

150 Hz freq. offset

300 Hz freq. offset


Figure 96: FRC (16QAM-1/2) – EVA5, +0µs timing offset, 25 PRB
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Figure 98: FRC (64QAM-3/4) – EVA5, +0µs timing offset, 25 PRB


-
FRC QPSK-1/3 can tolerate residual frequency errors up to 150 Hz without significant loss in performance.

-
FRC 16QAM 1/2 can tolerate residual frequency errors up to 100 Hz without significant loss in performance.

-
FRC 64QAM-3/4 can tolerate residual frequency errors up to a maximum of only 30 Hz. 

-
With these values of frequency error, the required SNR at 70%-throughput will not increase by more than 1.5dB.
· In [3] from Qualcomm:
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· Figure 4: Throughput for MCS=22

For MCS=4, a loss of 0.2dB is observed with 100Hz offset. The loss with 100Hz increases to 0.5dB and 2.0dB, respectively, for MCS=12 and MCS=22. With 50Hz offset, the loss for MCS=12 and MCS=22 is 0.1dB and 0.5dB, respectively.
Based on these observations, it is observed that the Doppler shift (frequency offset) should be limited to a small value, such as 50Hz, in order to minimize the impact on PDSCH demodulation, especially at high MCS.
· In [6] from Ericsson/ST-Ericsson:
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· Figure 8. Effect of wrong UE behavior, EPA, 6PRBs
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Figure 13. CL performance wrt frequency error, EPA, 6PRBs

In this paper we have analyzed the effect of frequency error on the performance results by considering both FRC and closed loop simulations.
The following can be concluded:

Consider a maximum frequency error in the range 0-250Hz for the definition of the requirements.
Discussion points:
1. Is it necessary to define test cases to evaluate the impact of frequency error?
Way forward:
As per agreements in Table1 above.
2
Simulation assumptions and performance requirements
2.1
Reference
[7] R4-125160, Simulation assumptions for antenna ports co-location, Huawei, HiSilicon
[8] R4-125356, On UE Demod/CSI Requirements Impact of Geographically Separated Antenna, MediaTek Inc.
[9] R4-125447, Way forwrad for missing non colocation related parameters, Ericsson/ST-Ericsson
[10] R4-125452, Discussion on performance requirements for quasi non collocated antennas and for Comp, Ericsson/ST-Ericsson

2.2
Simulation assumptions and performance requirements
2.2.1 Simulation assumptions
· In [7] from Huawei:

Demodulation of PDSCH and reporting of CSI-RS feedback should be tested separately.

There is no need to add any tests for Behaviour A.
It is necessary to define test cases to make sure that CoMP UE always tracks on the correct timing for data demodulation when it is configured in Behaviour B.
In addition to timing impact, rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power as well as CRS should also be considered in demodulation test.
The initial simulation framework is listed in Table 2. 

Table 2: Simulation assumptions for demodulation evaluations
	Parameter
	Unit
	TP 1
	TP 2

	Carrier frequency
	
	2 GHz

	System bandwidth
	
	10 MHz

	Cyclic prefix
	
	Normal

	Number of HARQ processes
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Subframes for demodulation
	
	All subframes scheduled for demodulation except subframe #5

	Cell-specific reference signals
	
	Antenna ports 0,1
	N/A

	Channel model
	
	ETU
	EPA/ETU

	Doppler frequency
	Hz
	5/70

	MIMO configuration
	
	4x2

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	4 /

0010000100000000

	Transmission mode
	
	TM10
	N/A

	CSI reference signals
	
	Antenna ports 15,…,18
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset          TCSI-RS / 
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	Subframes
	5 / 4
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	CSI reference signal configuration
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	dBm/15kHz
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	-98

	Symbols for unused PRBs
	
	OCNG
	OCNG

	Number of allocated resource blocks 
	PRB
	N/A
	50/3

	Rank
	
	N/A
	1/2

	PMI
	
	N/A
	Random PMI

	Modulation and Code rate
	
	N/A
	64QAM 3/4, 16QAM 1/2, QPSK 1/3

	PSS/SSS
	
	Not considered
	Not considered

	PCFICH/PDCCH detection
	
	Not considered
	Not considered

	Received timing
	us
	0
	2/-2

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


It is proposed to take this simulation framework into account when defining RAN4 test cases for demodulation of PDSCH TM10.
· In [8] from MediaTek Inc.:

Conclude in this TEI11 that there is no need to define additional test case or new UE demod/CSI requirements in Rel-8/9/10. The antenna co-location issue due to geographically separated antennas is mainly an issue in Rel-11 CoMP operation, and hence appropriate test can be defined there.
PDSCH demod test in CoMP (TM10) should focus on the difference to TM9, i.e., with dynamic signaling of DMRS and a particular CSI-RS resource.
· In [9] from Ericsson/ST-Ericsson:

Proposal 1: Study the sensitivity of delay spread estimation with non quasi collocation assumption.  The simulations should show the impact on the performance when the UE assumes the non collocation behaviour B and when the UE wrongly assumes the collocation assumption.
Proposal 2: Do not consider different Doppler Spread for different nodes.
Proposal 3: Evaluate the impact of power imbalance on the overall performance when quasi collocation assumption can not be assumed. 
Proposal 4: The range of the parameters for the purpose of the study are

Inter-resources CSI-RS: 0 to 10dB

CSI-RS vs CRS: 0-10dB

DM-RSs vs CRS: 0-15dB

DM-RS vs non colocated CSI-RS: 0-15dB
Proposal 5: The simulations should show the impact on the performance when the UE assumes the non collocation behaviour B and when the UE wrongly assumes the collocation assumption
Discussion:

1. Should we combine the tests of quasi collocation and CoMP demodulation performance?
2. Do we need to consider the demodulation of PDSCH TM10 as well as CSI feedback? 

3. Should we consider rate matching in the simulation assumptions?
4. Should we consider different Doppler Spread for different nodes?
5. Should we consider the impact of power imbalance in the simulation assumptions?

Way forward:
As per agreements in Table1 above
2.2.2 Performance requirements
· In [7] from Huawei:

The throughput obtained when UE performs timing tracking over CSI-RS is assumed as reference. The performance gain of UE tracking over CSI-RS vs. UE tracking over CRS can be investigated by interested companies to show the impact of timing.
· In [8] from MediaTek Inc.:

In order to test that UE can follow, and perhaps benefit from, the dynamic signaling, for example, we can have the eNB transmit in alternately from two TPs with different propagation delays. With the assistance of the signaling, the test UE should see improved channel estimation and throughput gain versus implementations that does not take advantage of the signaling.
· In [10] from Ericsson/ST-Ericsson:

The goal of quasi non collocated antenna ports work is to make sure that the UE assumes the correct collocation assumptions. Hence,

Proposal 1: Under quasi non collocation work consider large range of large scale parameter of the channel to make sure that the UE considers the correct non collocation hypothesis. The performance test would be used in a functional manner to check the correct UE behaviour.

Alternatives 2 or 3 are the preferred methodologies to define the tests. 

Proposal 2: Discuss further whether it is possible to test the most important large scale properties of the channel in a separate way in order to make sure that the UE has the correct behaviour with respect to the large scale parameter under test.

For Comp instead

Proposal 3: Introduce Comp performance requirements by considering typical deployments and consider a typical (possibly small) range for the large scale properties of the channel without necessarily hit the worst case conditions for which high performance loss could be expected. 

Proposal 4: Under Comp all the large scale parameters of the channel should be explicitly modeled under behavior B in the same test.
Discussion:

1. Do we agree to define test cases to make sure that UE act correctly under non quasi collocation assumptions?
Way forward:
As per agreements in Table1 above
2.3
Work plan for the simulation in next meeting:
Way forward:
3
Any other business (depending on the meeting time)
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