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1
Introduction

During RAN4#66bis, discussions were kicked off for the RAN4 Rel-12 study item on CRS-IC for homogeneous network deployments [1] and a way forward was agreed [2].
In this contribution, we provide a proposal for link level simulation assumptions for discussion during RAN4#67 as well as considerations on non-full-buffer interference modelling at link level.
2
Proposal for link level simulation assumptions
A proposal for link level simulation assumptions for discussion during RAN4#67 is made in Table 2 below.
Table 1: Link level simulation assumptions for CRS-IC investigations in homogeneous deployments
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Transmission mode in serving cell
	TM2 or TM6

	Transmission mode in interfering cells
	TM3 or TM4

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of explicitly modeled interfering cells
	Option A: 2 interfering cells as starting point
Option B: 3 or more interfering cells are investigated in order to check whether 2 cells model sufficiently well non-full-buffer interference 

	Signal level for serving cell CRS (Es/Noc)
	Range of Es/Noc: TBD

	Signal level for interfering cells CRS (interference over Noc)
	1st  interfering cell
	2nd interfering cell
	3rd, 4th etc interferers (option B)

	
	INR1=TBD
	INR2=TBD
	INR3, INR4 = TBD

	Other cells interference
	AWGN with 1 Noc level

	Network synchronization in time
	All cells are synchronous

	
	Time-delay wrt. serving cell

	
	1st interfering cell
	2nd interfering cell
	3rd, 4th interfering cells (option B)

	
	FFS
	FFS
	FFS

	Network synchronization in frequency
	Frequency shift wrt. serving cell

	
	1st interfering cell
	2nd interfering cell
	3rd, 4th interfering cells (option B)

	
	FFS
	FFS
	FFS

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between explicitly modeled cells

	Downlink power allocation (cf. Chapter 8 of TS36.101)
	A
	-3 dB in all modeled cells

	
	B
	-3 dB in all modeled cells (PB=1)

	
	
	0 dB in all modeled cells

	CSI reference signals
	N/A

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A

	CSI reference signal configuration
	N/A

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

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	TM2: [PUCCH 1-0]
	TM6: [PUCCH 1-1]

	Feedback periodicity & delay for target signal
	Feedback periodicity
	Feedback delay

	
	5 milliseconds
	8 milliseconds

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Time/frequency tracking at the UE
	Practical algorithms should be used

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2 in all cells

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH 
PSS/SSS/PBCH

	Desired PDSCH parameterization
	Resource allocation
	50 PRB

	
	Rank
	Rank-1

	
	PMI
	TM2: N/A
	TM6: Follow wideband PMI

	
	Modulation
	Option 1: Fixed MCS (MCS set TBD)

Option 2: Inner- and outer-link adaptation targeting 10% BLER for the 1st transmission

	
	Code rate
	

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Interfering PDSCH parameterization
	Resource allocation
	Random, proportional to the average resource utilization in the interfering cells

	
	Rank
	Randomly changing rank per allocated subband from subframe to subframe: 80% rank-1, 20% rank-2

	
	PMI
	TM3: N/A
	TM4: random PMI per allocated subband

	
	Modulation
	Randomly modulated 16QAM symbols over allocated interfering resources

	
	Code rate
	-

	
	Channel coding, rate matching
	-

	
	CRC
	

	Non-full buffer interference
	Model
	Option 4 (See Section 3 for description of non-fuller-buffer interference models at link level) independently applied for each interfering cell

	
	Average resource utilization
	{0%, 10%, 20%, 30%, 40%, 50%}

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	[-98 dBm]

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum

	Simulation output
	PDSCH throughput vs. serving cell Es/Noc

	UE receiver
	Detector
	MMSE-IRC with CRS based interference covariance estimation as defined in [3]

	
	CRS-IM
	Without CRS-IM

	
	
	With CRS-IM for the 1st strongest interfering cell

	
	
	With CRS-IM for the 1st and 2nd strongest interfering cells


3
Non-full-buffer interference modelling at link level
Rel-11 IRC studies for LTE assumed full-buffer interference model with random rank and PMI on a per subband and per subframe basis (i.e. full buffer data plus CRS interference), while on the other extreme, Rel-10 eICIC and Rel-11 feICIC investigations assumed almost-blank subframe (ABS) interference (i.e. CRS interference only).

For the Rel-12 study item on CRS-IC in homogeneous network deployments, only partially loaded network scenarios are relevant, as noted in the SID [1]. We propose and discuss below four possible options for the associated non-full-buffer interference model at link level: 
· Option 1 (originally proposed in [4]) – Narrow-band desired PDSCH allocation in the serving cell, shifted narrow-band interfering PDSCH transmissions in interfering cells targeting given average resource utilization. Despite its simplicity, this model is deterministic and thus fails at reproducing properly “PDSCH collisions” between interferers, i.e. when both interferers would happen to transmit PDSCH at the same time.
· Option 2 – Narrow-band desired PDSCH allocation in the serving cell, interfering PDSCH transmissions in interfering cells are randomly & independently active on a per CQI subband basis with an activity at subband level equal on average to the targeted resource utilization. “PDSCH collisions” are here properly modelled, however the desired signal has narrow-band allocation.
· Option 3 – Same as Option 2, except that the desired PDSCH allocation in the serving cell is full-band. One drawback of this approach is that, even with low interference RU, the desired PDSCH gets very likely hit in by interference in every subframe over one its subbands. Despite IRC processing at the detector, strong PDSCH interference over a few subbands in every subframe will become the main performance limiting factor, hence one would expect lower gains of CRS-IC in this situation.
· Option 4 – Full-band desired PDSCH allocation in the serving cell, PDSCH transmissions in interfering cells are randomly & independently active over the full-band with an activity in time domain equal on average to the targeted resource utilization. This approach guarantees full-band PDSCH allocation in the serving cell and does not suffer from the drawbacks of Option 3.
Note that the average resource utilization for the interference is relative to the desired PDSCH allocation in time/frequency. For instance, if subframe #5 is not scheduled for demodulation as proposed in Table 2, this should be taken into account such that the interference model effectively reaches the targeted RU wrt. scheduled resources for the desired PDSCH.
Our preference goes towards Option 2 in case it is decided to consider narrow-band allocation for the desired PDSCH, while Option 4 is viewed as a better choice when the desired PDSCH is full-band. Furthermore, we note that Option 2 and 4 are the same in essence: non-full-buffer interference is modelled in a time-domain multiplexed (TDM) fashion over the desired PDSCH resource allocation. We conclude the previous discussion by the following proposal:
Proposal:  
Model non-full-buffer interference on per-interfering-cell basis in a random TDM fashion over the full PRB allocation of the desired PDSCH.
Although considered models do generate partially loaded interference patterns, these may not fully match scheduling patterns observed in system level simulations. However, rather than attempting to mimic at link level the exact system level behaviour, it is seen preferable to aim at a simpler model which efficiently verifies the CRS-IC functionality of the UE. It is reminded that interference modelling for Rel-11 IRC in RAN4 was derived in this spirit.
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Figure 1: Option 1 – Narrow-band desired PDSCH allocation in the serving cell, shifted narrow-band interfering PDSCH transmissions in interfering cells targeting given average resource utilization (20% in this example).
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Figure 2: Option 2 – Narrow-band desired PDSCH allocation in the serving cell, interfering PDSCH transmissions in interfering cells are randomly & independently active on a per CQI subband basis with an activity at subband level equal on average to the targeted resource utilization (20% in this example).
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Figure 3: Option 3 – Full-band desired PDSCH allocation in the serving cell, interfering PDSCH transmissions in interfering cells are randomly & independently active on a per CQI subband basis with an activity at subband level equal on average to the targeted resource utilization (20% in this example).
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Figure 4: Option 4 – Full-band desired PDSCH allocation in the serving cell, interfering PDSCH transmissions in interfering cells are randomly & independently active over the full band with an activity in time domain equal on average to the targeted resource utilization (20% in this example).

4
Conclusions

In this contribution, we presented a proposal for link level simulation assumptions for CRS-IC for homogeneous network deployments for discussion during RAN4#67. We have also provided considerations on non-full-buffer interference modelling at link level, for which our proposal is as follows:
Proposal:  
Model non-full-buffer interference on per-interfering-cell basis in a random TDM fashion over the full PRB allocation of the desired PDSCH.
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