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1 Introduction

This document summarizes the up-to-date simulation assumptions and framework for the study of non-quasi-colocated antennas. 
2 Simulation scenarios for PDSCH demodulation performance
The purpose of the following scenarios is to verify the PDSCH demodulation performance for TM10 UE under the assumption of non-quasi-colocated antennas. The features which should be considered when setting test cases are listed as follows:
QCL related features
1-1 UE perform correct timing offset compensation according to PQI signaling 
1-2 UE perform correct frequency offset compensation according to PQI signaling
1-3 UE perform correct SNR estimation based on DM-RSs rather than CRSs
1-4 UE perform correct channel parameters estimation (e.g. delay spread, PDP ) based on the DM-RS or CSI-RS according to PQI signaling

CoMP related features
2-1 UE perform correct rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling
2-2 UE support the dynamic point change for PDSCH transmission (for feature 7-1 UE only).

2.1 Simulation scenario 1: 7-0 UE
The purpose of this simulation scenario is to verify the demodulation performance of 7-0 UE to cover feature 1-1, 1-2, 1-3, 1-4 and feature 2-1 with timing and/or frequency error between non-quasi-colocated antennas.
2.2 Simulation scenario 2: 7-1 UE
The purpose of this simulation scenario is to verify the demodulation performance of 7-1 UE to cover feature 1-1, 1-2, 1-3, 1-4 and feature 2-1, 2-2 with timing and/or frequency error between non-quasi-colocated antennas.

3 Conclusion
This document summarizes the up-to-date simulation assumptions and framework for the study of non-quasi-colocated antennas.
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Annex A1 Common assumptions
Annex A1.1 Quasi co-location assumptions
The following assumptions for antenna ports quasi co-location were agreed in RAN1 [2]:

Table 1: Quasi co-location assumption within each RS type

	CRS
	CSI-RS 
	PDSCH DMRS

	May be assumed as quasi co-located wrt all long term channel properties {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} within a cell.


	Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.


Between CSI-RS resources CSI-RS ports shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.
	May be assumed as quasi co-located within a subframe wrt to {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}


PSS/SSS and CRS ports for a cell may be assumed as quasi co-located wrt {Doppler shift, Average delay}.

On top of the above assumptions within each RS type, it is also agreed in RAN1 that a Rel-11 UE supports at most two UE behaviours for the quasi co-location assumptions between RS of different types. Behaviour A is expected to be applicable when CRS, CSI-RS and PDSCH DMRS are quasi co-located for the considered UE (with the exception of Average gain). Behaviour B is intended by RAN1 to be the UE behaviour typically applicable for UEs operating in DL CoMP. The network configures the appropriate UE behaviour based, e.g., on the deployment, where details about how such behaviour is indicated are still FFS in RAN1.

The two behaviours are defined as follows:

Behaviour A: 

CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}

Behaviour B: 

CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt { Delay spread,Doppler spread, Doppler shift, Average delay }

Some additional agreements for antenna ports quasi co-location (QCL) Behaviour B were made in RAN1 #71 [3]:

For each CSI-RS resource, the network shall indicate by RRC signaling that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt {Doppler shift, Doppler Spread}
Annex A1.2 CoMP related assumptions
Annex A1.3 Reference operation in UE Behavior B
Annex A1.3.1

Timing correction
FFS
Annex A1.3.2

Frequency correction
FFS
Annex A2 Simulation assumptions for all scenarios

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)
	TBD
	TBD

	Cell ID
	TBD
	TBD

	Channel model
	TBD
	TBD

	Doppler frequency (Hz)
	TBD
	TBD

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

	SNR (seen at UE receivers)
	TBD
	TBD

	Number of allocated resource blocks (PRB)
	TBD
	TBD

	Transmission mode
	TBD
	[10]

	Cell-specific reference signals
	TBD
	TBD

	CSI reference signals
	TBD
	TBD

	CSI-RS periodicity (ms)
	TBD
	TBD

	PDCCH decoding
	[Realistic or ideal]
	TBD

	[PMI delay (ms)]
	N/A
	TBD

	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
	TBD
	TBD

	Number of OFDM symbols for PDCCH
	TBD
	TBD

	Timing offset (us)
	0
	[-0.5,2]

	Frequency error (Hz)
	0
	[200]

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


Annex A3 List of Agreements
Annex A3.1 Agreements reached during in the ad hocs in RAN4#64bis and RAN4#65
Ad hoc minutes for Geographically Non-co-located Antennas agreed in R4-126028 and R4-126794.
The agreed simulation assumptions are highlighted in green in Table 1

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. 
	


Annex A3.2 Agreements reached in RAN4#65
Agreements on simulation on timing were reached in R4-126905 as below:

1. Average received timing options for further evaluations:
[-0.5,3] (NSN. In case of CRS colocation with DM-RSs the range used for simulations can be extended)

[-0.5, 2.4] (Ericsson/ST-E)

[-0.5, 2] (Samsung, Renesas, Intel, Broadcom)

[-1, 1.5] (Qualcomm, Intel, Broadcom)

2. Test points will be selected within these ranges in the next meeting

3. Discuss further how to capture the link between coverage and average received time.

4. Interested companies can study 6PRB BW and other corner cases
Agreements on simulation on frequency were reached in R4-126945 as below:
· Companies are encouraged to take into account the possibility of using CRS-based frequency offset estimation in UE Behavior B

· Companies are invited to provide simulation results with the updated UE Behavior B for RAN4#66

· Earlier agreements on the simulation assumptions for frequency offset studies are still valid [4]

· However, a larger frequency offset range ([0, 300] Hz) between the serving cell and the node transmitting PDSCH should be used for simulation purposes with the UE Behavior B

The intention is that RAN4 is able to finalize the frequency offset values in RAN4#66
Annex A3.3 Agreements reached in RAN4#66

Agreements were reached in R4-130836 as below:
Demodulation Test:
1 QCL related features
1.1 UE perform correct timing offset compensation according to PQI signaling 
1.2 UE perform correct frequency offset compensation according to PQI signaling
1.3 UE perform correct SNR estimation based on DM-RSs rather than CRSs 
1.4 UE perform correct channel parameters estimation (e.g. delay spread, PDP ) based on the DM-RS or CSI-RS according to PQI signaling
1.5 UE perform correct frequency offset compensation based on DM-RS  (to avoid issues related to unreliable CRSs) (E///: R4-130523)
2 CoMP related features

2.1 UE perform correct rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling

2.2 UE support the dynamic point change for PDSCH transmission (for feature 7-1 UE only).
Agreement: 

Feature 1.1, 1.2, 1.3, 1.4 and feature 2.1, 2.2 should be verified
Different receiver algorithm for frequency compensation is not precluded. 

Test case design to cover the feature lists (feature 1.1, 1.2, 1.3, 1.4 and feature 2.1, 2.2):
Option 1 (1 test case):
One test case A for both 7-0 and 7-1 UE to cover all features, i.e. feature 1.1, 1.2, 1.3, 1.4 and feature 2.1

Option 2 (6 test cases):

Two test cases B and C to cover feature 1.1 and feature 2.1

One test case D to cover feature 1.2 and feature 2.1
One test case E to cover feature 1.3 and 1.4
One test case F to cover feature 2.2

One test case G to cover feature 1.5
Option 3


One test case for 7-0 UE to cover feature 1.1 1.2 1.3 1.4 and feature 2.1 


One test case for 7-1 UE to cover feature 1.1. 1.2 1.3 1.4 and feature 2.1 2.2 
Agreements: 

Most companies prefer Option 3 as baseline pending feasibility study in next meeting
FFS for option 1 and option 2 in next meeting.  

Timing offset and frequency offset range:
Agreed WF
Frequency offset range: 200Hz
Timing offset range: [-0.5 2.0]

Both positive and negative value should be covered in the test.
