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1. Introduction
The study item entitled “Study on Network Assisted Interference Cancellation and Suppression for LTE” was approved in RAN plenary #59 [1].  The first two objectives are copied below 
1. (RAN1) For data/control channels of interest,  identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters)  for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:

· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.

2. (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 

Even though the agreement of the inter- and intra-cell interference models for link-level simulation will wait for RAN1 discussion of the scenarios [2], many aspects of the link-level model can still be discussed such as general objectives and methodology, physical channel and SINR of interest, and so on. 
2. Discussion 
The objective of link-level modelling is to derive the inter/intra-cell interference profile at the SINRs of interest. Interference profile includes transmission parameters such as power level and transmission mode (rank, precoding, MCS) of all inter/intra-cell interference. SINRs of interest can be defined for example based on the cell-edge or medium SINRs.  

Proposal #1: The general methodology of deriving the link condition of interest from system level simulation, as adopted in the MMSE-IRC receiver study in Rel-11 [7], should still apply. In particular, a DIP profile of inter-cell interference, based on the RAN1 scenarios, is established based on the SINRs of interest.   
2.1. DIP profile of homogenous deployment  
As an example, we look at the DIP profile of a homogeneous deployment scenario here [3]. The scenario is very similar to case-1 & 3 of TR 36.829, except that ITU UMa channel model is used instead. ITU UMa is widely used since IMT-advanced (Rel-10 [4]) and then in all Rel-11/12 studies in RAN1 including CoMP [5], MIMO [6], Small-cell [8]

 REF _Ref352841892 \r \h 
[9], and so on. Here, the homogeneous deployment scenario is the same as those in “scenario-A” in TR36.871, the macro part of CoMP scenario #4, and scenario #1 in small cell. UE dropping model is the same as that in Rel-12 eDL-MIMO agreement in R1-130457 [10]. Here, we assume 100% outdoor. The details of the simulated scenario are captured in the table below.
	 
	Macro part in homogeneous deployment and HetNet

	Layout
	Hexagonal grid, 3 sectors per site, case 1 with 500m ISD (see below for penetration loss), 19 macro sites

	System bandwidth per carrier
	10MHz

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm

	Distance-dependent path loss
	ITU Uma [referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819

	Antenna pattern
	3D,  referring to TR36.819

	Antenna Height: 
	25m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819

	Antenna configuration
	2Tx and 4Tx (0.5 lambda), cross-polarized


From Figure 1 which plots the CDF of user geometries under proposed homogeneous deployment scenario, we observe:
· A noticeable SINR gain when intra-site interference can be excluded ideally. The gain becomes more prominent especially at moderate to high SINRs because intra-site interference becomes more dominant there, while at low geometries inter-site interference dominates (see Figure 2).
Proposal #2: Geometries of interest should include low, medium, and high SINRs for both cell-edge and cell-average throughput improvement.
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Figure 1. SINR CDF of scenario A (baseline homogenous), same as “scenario-A” in TR36.871, or the macro part of CoMP scenario #4 in TR36.819, and scenario #1 in small cell evaluation assumption (R1-130856)
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Figure 2. Probabilty of top-8 inteferers being intra-site or inter-site at 4 geometry ranges ([-3,0) dB top left, [0,5) top right, [5,10) bottom left, [10+] bottom right)

We also plot in Figure 3the uncondtional DIPs and the conditional median DIPs of the top 8 interferers, and the conditional DIP CDF at SINR=-3, 0, 5, 10dB. We observe:
· The general trends of conditional DIPs and unconditional DIPs in homogenous deployments are similar for ITU UMa channel model and case-1 &3 channel model 
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Figure 3. Unconditional and conditional median DIPs of the top 8 interferers
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Figure 4. Conditional DIP CDF @ -3dB SINR (top left), 0dB (top right), 5dB (bottom left), 10dB (bottom right) 
2.2. Intra-cell interference modeling  
In LTE, intra-cell interference arises under MU transmission (i.e., interference among UEs) and rank>1 SU transmission (i.e., interference among transmission layers). Both SU and MU are possible transmission schemes in LTE. Since MU operation in LTE is transparent to UEs, the presence and nature of cross-user MU interference are also transparent. From a receiver’s perspective, it is worthwhile to investigate whether an advance receiver will benefit MU operation as well. 

MU interference is additional to the inter-cell interference, and MU operation depends on the operational SINR points and hence inter-cell interference. For example, MU becomes more likely to be preferred over rank-1 SU when UEs are at good SINRs which is also be good for SU rank-2. MU transmission scheme and scheduling behavior, including UE pairing and precoding and possible power allocation, changes the interference profile/model at the UE, so they need to be clarified in link level modeling before the receiver performance gain can be evaluated. 

Proposal #3: Intra-cell (MU) interference link-level modeling in RAN4 can be based on well-understood precoding schemes such as ZF precoding derived from SU-PMI for DMRS-based TM, and codebook-constrained precoding for CRS-based TM5 MU transmission (e.g., simply using SU-PMI for MU transmission). 
3. Conclusion 
Even though the agreement of the inter- and intra-cell interference models for link-level simulation will wait for RAN1 discussion of the scenarios, many aspects of the link-level model can still be discussed such as general objectives and methodology, physical channel and SINR of interest, and so on. 

Proposal #1: The general methodology of deriving the link condition of interest from system level simulation, as adopted in the MMSE-IRC receiver study in Rel-11 [7], should still apply. In particular, a DIP profile of inter-cell interference, based on the RAN1 scenarios, is established based on the SINRs of interest.   

Proposal #2: Geometries of interest should include low, medium, and high SINRs for both cell-edge and cell-average throughout improvement.

Proposal #3: Intra-cell (MU) interference link-level modeling in RAN4 can be based on well-understood precoding schemes such as ZF precoding derived from SU-PMI for DMRS-based TM, and codebook-constrained precoding for CRS-based TM5 MU transmission (e.g., just uses SU-PMI for MU transmission). 
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