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The Ad Hoc for geographically non-collocated antennas (non-quasi-co-located antennas) was held on Monday evening in RAN4 #65.
Legend:

Agreed Way Forward in the ad hoc discussion
No consensus during the ad hoc discussion
1
Discussion
The target of the ad hoc is to agree on the simulation assumptions and the framework for result alignment work for RAN4#66. The ad hoc discussion is focused on Table 1 and Table 2:
· Table 1 focuses on working out the agreement in each meeting.

· Table 2 focuses on detailed parameters for explicitly modeled 2 (or more) TPs for the simulation framework.

Framework document will be provided in:
R4-126394 Framework document for geographically separated antenna and impact on UE demod/CSI requirements (Version 1), Huawei, HiSilicon
The agreed simulation assumptions are highlighted in green in Table 1 and Table 2
Table 1: Simulation assumption for RAN4#66
	Parameters
	Ad hoc agreements from RAN4#64BIS
	Ad hoc discussion/agreements from RAN4 #65

	Scenarios
	· UE is configured in Behaviour B
	

	Number of TPs to be modelled
	· 2 TPs to be modeled 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
	· EPA

· EVA

· ETU

	System bandwidth
	· 10MHz
· Smaller BW for interested companies only.
	· 10MHz (not discussed due to lack of time)

	Antenna configuration
	· 2*2 open loop
· 4*2 open loop
	· 2*2 open loop (not discussed)
· 4*2 open loop (not discussed)

	Number of allocated resource blocks (PRB)
	· 50/3 
	· 50/3 (not discussed)

	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 
	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
(not discussed)

	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
	· [-0.5, X], X will be either 2 or 2.4 us will be discussed in next meeting. (most companies prefer.)
· [-1.0, 1.5] will be studied in next meeting.
· [-1.5, 1.5] will be studied in next meeting.

	Frequency error (Hz)
	· 0-200 for the purpose of the study, simulations to be provided after practical compensation
step size 50Hz
	· For single point transmission and PRB allocations larger than or equal to 3PRBs: assume 100-200 Hz for the purpose of the study, simulations to be provided after practical compensation
· 1 PRB will be studied in next meeting
Subject to RAN1 decisions:
1. Assume DM-RS is used for freq tracking for RAN4 simulation.
2. Jointly using CSI-RS and DM-RS is not precluded.
· post-FFT.

	Doppler spread
	· Do not consider different Doppler Spread for different nodes. 
	· 5Hz

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

	Cases to be simulated for RAN4#65/66
	· 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. 
	


(Table 2 was not discussed due to lack of time)

Table 2: Framework for RAN4 result alignment for quasi-colocated antenna
	Parameter
	TP1 (high power TP)
	TP2 (low power TP)

	Carrier frequency (GHz)
	2
	2

	System bandwidth (MHz)
	10
	10

	Cell ID
	[0]
	TBD

	Channel model
	TBD
	TBD

	Doppler frequency (Hz)
	[5]
	[5]

	Antenna configuration
	2x2 or 4x2
	2x2 or 4x2

	SNR (seen at UE receivers)
	TBD
	TBD

	Number of allocated resource blocks (PRB)
	TBD
	[50/3]

	Transmission mode
	TBD
	[10]

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

	CSI reference signals
	TBD
	TBD

	CSI-RS periodicity (ms)
	[5]
	[5]

	PDCCH decoding
	[Realistic]
	TBD

	[PMI delay (ms)]
	N/A
	[8]

	Rank
	N/A
	TBD

	PMI
	N/A
	[Random or adaptive]

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

	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 (us)
	0
	TBD

	Frequency error (Hz)
	0
	TBD

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


Discussion:
Renesas: ETU channel shows small performance difference between Behaviour A and B. 
Qualcomm: propose to keep ETU as one channel model option. We should discuss the simulation results first.
1. Timing error:
Ericsson: propose total range of 2.9 us.
Intel: propose total range of 2.5 us
NSN: propose 6 us as an option as agreed in RAN1 for CSI-RS receiving.
Qualcomm: propose 2us in total.
Samsung: 2 us in total. Reference design for the timing estimation should be aligned in RAN4.
Ericsson: QC’s results show for 4us timing error, it works well.

Qualcomm: UE could back off FFT by 1 us.

Ericsson: 2 us is limiting the deployment implementation of CoMP. NTT is showing also propagation delay only could be up to 2 us. Lower limit for TE can be -0.5
NTT COCOMO: in total it should be more than 2.5 in total.

Ericsson: net work could shift the timing to benefit UE implementation.
NSN: consider all CoMP scenario
2. Frequency error: 
Qualcomm: consider 1 RB allocation. Propose 50 Hz.
Ericsson: 50 is not result to distinguish the difference between behaviour A and B. Internal results show that with 1 RB, for 100-200 Hz frequency error, the performance is acceptable.
Way forward:
Companies continue discussion in this week.
*Below is the summary of the technical points for the discussion in Table 1 and 2, only attached here for information:
Annex 1: Link level simulation results and observation
A1.1
Reference
[1] R4-126792, UE demodulation performance in non-colocated antenna deployments, Qualcomm Incorporated
[2] R4-126255, Investigation of UE performance degradation due to timing offset between transmission points, Intel Corporation
[3] R4-126256, Investigation of UE performance degradation due to frequency offset between transmission points, Intel Corporation
[4] R4-126300, Simulation results for UE performance in non-quasi-colocated antenna deployments, Renesas Mobile Europe Ltd
[5] R4-126390, Discussion on impact of timing error due to non-co-located antennas, Huawei, HiSilicon
[6] R4-126393, Discussion on impact of frequency error due to non-co-located antennas, Huawei, HiSilicon
[7] R4-126422, Discussion and simulation results for timing offset on non-collocated antennas, Samsung
[8] R4-126424, Discussion and simulation results for frequency offset on non-collocated antennas, Samsung
[9] R4-126650, Performance results for timing offset under non colocation assumptions, Ericsson/ST-Ericsson
[10] R4-126655, Performance results for frequency error under non colocation assumptions, Ericsson/ST-Ericsson
[11] R4-126773, Simulation results for UE performance in non-colocated antenna, LG Electronics
A1.2
Simulation results and observation
A.2.1 Timing impact

· In [1] from Qualcomm Incorporated:
For UE with behavior B:
· For EPA and EVA channel, there is no performance degradation due to timing error. 

· For ETU channel, performance degradation is observed for 16-QAM ½ and 64-QAM ¾ when there is negative timing offset larger than 1us. 

· With DM-RS based frequency offset estimation and post-FFT compensation, there is no performance degradation up to 200Hz even for 64-QAM ¾. 
· One shot DM-RS based frequency offset estimation works well even for 3 PRB allocations. 
· In [2] from Intel Corporation:
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Observation 1: Physical channel performance loss due to positive timing offsets can be effectively reduced by frequency domain timing offset compensation.

Observation 2: Performance degradation due to negative timing offset can be removed by selecting the FFT window based on TP with earlier arrival time.

Proposal 1: Have further discussion on the feasibility of UE behavior in Table 1 and whether similar behavior can be assumed in determining UE requirements.
· In [4] from Renesas Mobile Europe Ltd:

Proposal 1:

-
Timing offset between two transmission points should not exceed 2.0 µs, in the requirement scenarios. If channel models with very high frequency-selectivity are considered in the requirements, the maximum timing offset should be lowered accordingly.
· In [5] from Huawei, HiSilicon:
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Figure 1. Impact of timing error for different UE implementation methods (only TP1 transmits CRS)
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(b) Impact of timing tracking; EPA5; 64QAM; 50RB; Behaviour B
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Figure 3. Impact of timing error for different channel models
Proposal 1: Define test cases to discriminate between a good and bad behaviour for UE.

Proposal 2: The deployment that different TPs share an identical cell-ID with only one TP transmits CRS/PSS/SSS (Similar as CoMP scenario 4 without SFN CRS) should be considered as the test scenario.

Proposal 3: Define test requirements for EVA channel model with a set of time offset +/-2us.

Proposal 4: Only consider full bandwidth resource allocation for defining test cases.

Proposal 5: Define test requirements for 64QAM 3/4 and 16QAM 1/2.
· In [7] from Samsung:

Option 2: FFT timing is tracking on CRS boundary and do post FFT phase correction in frequency domain based on the estimated timing offset for DM-RS/CSI-RS/PDSCH.
Table 2-1: Performance degradation @70% relative throughput (Option 2)

	Option 2
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK

3RB
	16QAM 3RB
	64QAM 3RB

	-2.0us
	1.2
	1.4
	INF
	1.1 
	1.4
	INF

	-1.5us
	0.8
	1.2
	INF
	1.1 
	1.1
	INF

	-1.0us
	0.3
	0.9
	INF
	1.0 
	0.7
	INF

	-0.5us
	0.2
	0.6
	5.5
	1.0 
	0.3
	2.6

	+0.0 us
	0.2
	0.2
	0.1
	0.6 
	0.0
	0.0

	+0.5 us
	0.2
	0.2
	0.1
	0.7 
	0.0
	0.2

	+1.0 us
	0.3
	0.5
	0.1
	0.9
	0.0
	0.2

	+1.5 us
	0.4
	0.8
	0.1
	1.0
	0.1
	0.2

	+2.0 us
	0.6
	0.8
	0.1
	1.0
	0.4
	0.2


Based on the evaluated results with only post-FFT phase correction in frequency domain, assuming 1.5dB is largest acceptable performance loss, table 3-1 summarized the acceptable positive and negative timing offset under EPA channel for option 2. For QPSK and 16QAM, option 2 could tolerate up to 2us positive and negative timing offset. However, for 64QAM, option 2 can’t tolerate any negative timing offset.
Table 3-1: Acceptable timing offset assuming 1.5dB performance loss at 70% relative TP

	MCS 

RB allocation
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK  3RB
	16QAM 3RB
	64QAM 3RB

	Option 2
	[-2, +2]
	[-2, +2]
	[+0,+2]
	[-2, +2]
	[-2, +2]
	[+0,+2]


· In [9] from Ericsson/ST-Ericsson:
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Figure 10. EPA, -1musec, 50PRB

[image: image10.png]Throughput (bps)

25

EVA, Time offset = 2.5e-6s

Behavior A: CRS channel analyzer, full colocation, QPSK

Behavior A: CRS channel analyzer, full colocation, 16QAM
Behavior A: CRS channel analyzer, full colocation, 64QAM
Behavior B: DMRS channel analyzer, assumes behavior A, QPSK
Behavior B: DMRS channel analyzer, assumes behavior A, 16QAM
Behavior B: DMRS channel analyzer, assumes behavior A, 64QAM
Behavior B: DMRS channel analyzer, assumes behavior B, QPSK
Behavior B: DMRS channel analyzer, assumes behavior B, 16QAM
Behavior B: DMRS channel analyzer, assumes behavior B, 64QAM

&

%

i

ra

X

e
X

&

P

&

&
P

P

L

15
SNR (dB)

20

25

30





Figure 24. EVA, 2.5musec, 50PRB

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 signaled and if the NW has a non collocated deployment). The values at the extreme of the range proposed below seem to be good candidates at least for 64QAM and medium/high SNR range.
3. If supporting some negative timing offset is needed some methods based on shifting the FFT timing can be considered. It is proposed to discuss in terms of total range supportable by the UE for the time being. 

4. It is concluded that the possible range for timing offset for EPA for all SNR is [-1, 3](s, i.e. a range of 4musec.

5. It is concluded that the possible range for timing offset for EVA for all SNR is [-0.5,2.5](s, i.e. a range of 3musec.

· In [11] from LG Electronics:
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Figure 3‑5 Throughput of timing offset in 16QAM 1/2
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Figure 3‑6 Throughput of timing offset in 64QAM 3/4
-
To minimize impact of throughput performance, range of timing offset is [-0.5, 1]μsec.
A1.2.2 Impact of frequency tracking error
· In [1] from Qualcomm Incorporated:
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Figure 4. Performance of behavior A UE under frequency error between CRS and DM-RS antenna ports
· Frequency offset up to 200Hz causes performance degradation of around 1dB for QPSK 1/3. However, larger degradation is observed for 16-QAM ½ or 64-QAM ¾. Especially for 64-QAM ¾ with 50 RB allocation, UE cannot tolerate even 50Hz offset if DM-RS frequency offset is not properly taken care of. 50 RB allocations are more sensitive to 6 RB allocations due to larger TB size.  From the simulation results, it is obvious that wrong UE behavior in non-colocated antenna ports scenario cannot provide acceptable demodulation performance. 

· In [3] from Intel Corporation:
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Fig 4: EPA-5Hz (CSI-RS)
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Fig 5: ETU-5Hz (CSI-RS)
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Fig 6: EPA-5Hz (UE-RS)
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Fig 7: ETU-5Hz (UE-RS)


I.
   The CSI-RS based method exhibits poor throughput performance over EPA and ETU channels beyond 50Hz offset between TP1 and TP2. The loss at 50Hz is roughly 2dB at high SNR

II.
The CSI-RS method improves the DL performance compared with no compensation, particularly at mid SNR values (14dB-20dB). 

III.
Unlike the CSI-RS based method, UE-RS based method shows robust performance over a wide range of ∆foffset.

IV.
Unlike the CSI-RS based method, the UE-RS based method depends on the traffic pattern on the DL. Therefore, the wideband, full traffic nature of our DL LLS simulator may contribute to the good performance of the UE-RS method. This warrant further investigation to compare UE-RS and CSI-RS methods in narrowband settings, e.g. 3 PRB.
· In [4] from Renesas Mobile Europe Ltd:
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Figure 5: FRCs {(QPSK-1/3), (16QAM-1/2), (64QAM-3/4)} EPA5, 2x2, 300 Hz freq. offset
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Figure 8: FRC (64QAM-3/4), joint PDSCH transmission from two transmission points
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Figure 9: PDCCH DCI 1A agg.1, SFN-type CRS
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Figure 10: PDCCH DCI 1A agg.2, SFN-type CRS


-
In single-point transmission of PDSCH, the effects of residual frequency error can be compensated effectively.

-
In multi-point joint transmission of PDSCH, frequency offsets of over 100 Hz between the transmission points cause a significant throughput loss, despite the compensation efforts of the UE.

-
In multi-point joint transmission of PDCCH, frequency offsets of over 100 Hz between the transmission points cause a significant loss in control channel performance.

Proposal 2:

-
Frequency offset between two transmission points should not exceed 100 Hz in the requirement scenarios.
· In [6] from Huawei, HiSilicon:
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Observation 1: A UE using one CSI-RS resource being transmitted with 5ms period for frequency synchronization could be able to handle any frequency error lower than 100 Hz between the received PDSCH and the CRS received from its serving cell.
· In [8] from Samsung:

Option 1: Frequency synchronization tracking on CRS and no compensation for PDSCH frequency offset
Option 2: Frequency synchronization tracking on CRS and post-FFT OFDM symbol-wise phase correlation for DM-RS/CSI-RS/PDSCH
Table 2-1: Performance degradation @70% relative throughput (Option 1)

	Option 1
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK

3RB
	16QAM 3RB
	64QAM 3RB

	0 Hz
	0.0
	0.0
	0.0 
	0.0 
	0.1 
	0.0 

	50 Hz
	0.0
	0.3
	2.1 
	0.6 
	0.7 
	2.2 

	100 Hz
	0.4
	1.3
	INF 
	0.6 
	1.0 
	INF 

	150 Hz
	0.5
	3.3
	INF
	0.7 
	2.5 
	INF

	200 Hz
	0.5
	INF 
	INF
	1.1 
	4.5 
	INF


Table 2-2: Performance degradation @70% relative throughput (Option 2)

	Option 2
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK

3RB
	16QAM 3RB
	64QAM 3RB

	0 Hz
	0.3
	0.4
	0.3
	0.9
	1.3
	0.4

	50 Hz
	0.3
	0.5
	0.6
	0.9
	1.3
	0.4

	100 Hz
	0.6
	0.5
	0.6
	1.0
	1.4
	0.7

	150 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.7

	200 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.8


Based on the evaluation results, assuming 1.5dB is largest acceptable performance loss, Table 3-1 summarized the acceptable frequency offset under EPA channel for option 1 and option 2.
Table 3-1: Acceptable frequency offset assuming 1.5dB performance loss at 70% relative TP

	MCS & RB allocation
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK 3RB
	16QAM 3RB
	64QAM 3RB

	Option1
	200Hz
	100Hz
	<50Hz
	200Hz
	100Hz
	<50Hz

	Option2
	200Hz
	200Hz
	200Hz
	200Hz
	200Hz
	200Hz


· In [10] from Ericsson/ST-Ericsson:
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Figure 2: RMS Frequency error for CSI-RS based frequency tracking (DMRS not exploited), 50Hz Doppler spread for respectively EPA and ETU channels. CSI-RS periodicity is 5ms.

It can be concluded from Figure 2 and Figure 3 that CSI-RS provides reliable frequency tracking within the [-90; +90] Hz range even when Doppler spread is 50 Hz with 5ms periodicity.
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Figure 10. EVA, 50PRB, DM-RS based estimation.
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Figure 18. EVA, 3PRB, DM-RS based estimation, 150Hz.

The following can be concluded:

•
From our simulation results it can be concluded that a range 0-200Hz can be tolerated by the UE.  

•
It is recommended not to use ETU to set requirements in order to be able to define a requirement which is meaningful for a UE supporting behavior B. 

•
It is recommended to set a test based on 64QAM with high coding rate and 150-200Hz frequency difference between the TPs in order to correctly test behavior B.

Annex 2
Other discussion
A2.1
Reference
[12] R4-126470, Considerations on the non-collocation test cases, Nokia Siemens Networks, Nokia Corporation
[13] R4-126661, Way forward for definition of performance requirements for Comp and Quasi colocated antennas, Ericsson/ST-Ericsson
[14] R4-126394, Framework document for geographically separated antenna and impact on UE demod/CSI requirements (Version 1), Huawei, HiSilicon
A2.2
Discussion
2.2.1 Considerations on non-collocation test cases
· In [12] from Nokia Siemens Networks, Nokia Corporation:

1.
The CoMP relevant test case will be treated in DL CoMP topic. And the ePDCCH relevant test case is specific for ePDCCH demodulation performance, while test configurations can refer that of CoMP test case. 

2.
If non-collocated CRS tracking was used for CSI-RS/DMRS based demodulation, the timing offset and frequency offset between the two TPs needs to be configured in the test case. And if quasi co-located CSI-RS/DMRS tracking was used, the timing offset and frequency offset for CSI-RS/DMRS handling should be configured. And the UE performance could refer the current performance requirements on ePDCCH/PDSCH for starting point.

3.
And for the case where timing offset and frequency offset between the two no-collocated TPs need to be configured, we proposed to consider the worst case for typical network implement considering non-collocated antenna in different/single cell.   

4.
Single test framework with different UE’s RS collocation assumptions can cover all the non-collocation scenarios.
A2.2.2 Proposed way forward
· In [13] from Ericsson/ST-Ericsson:

The proposed way forward is as such:

•
Decide timing offsets and frequency errors which the UE can tolerate for the definition of the performance requirements. Proposals in separate papers. 

•
Define PDSCH performance requirements for TM 10 with Behaviour B. Wait for RAN 1 decision to decide whether to include also PDSCH performance requirements for TM10 with behaviour A. 

•
Requirements need to make sure that the UE follows the correct implementation.

•
PDSCH performance requirements should be defined at least for the minimum UE capability (single CSI-process, Comp feature group 7-0).  It is preferable to add PDSCH tests with the maximum UE capability (4 CSI-processes, Comp feature group 7-1) to test correct rate matching UE capability and additional Comp scenarios. 

•
CSI reporting should be tested according to the UE capability (single CSI-RS process reporting or multiple CSI-RS processes reporting).

•
We can consider further the details of the test set up in the context of Comp WI.   
A2.2.3 Framework document
· In [14] from Huawei, HiSilicon:

This document summarizes the up-to-date simulation assumptions and framework for the study of non-quasi-colocated antennas.


















