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1 Introduction
In RAN meeting #66, the work item on LTE BS MMSE-IRC receiver was approved [1]. The target is to improve the LTE uplink spectral efficiency by mainly suppressing the inter-cell interference. According to the objectives of the WI, the work includes two phases:

· Phase I: system-level and link-level evaluations

· Determine the interference model, including the number and the power level of the explicitly modelled interference UEs

· Homogeneous network and heterogeneous network

· Evaluate the performance gain of MMSE-IRC over MMSE receiver

· Phase II:

· Agree on the MMSE-IRC as reference receiver (whether other kind of receiver should be considered)

· Specify the PUSCH performance requirements with MMSE-IRC receiver under inter-cell interference

· Determine whether to specify PUCCH performance requirements with MMSE-IRC receiver under inter-cell interference.

One of the tasks is to run the system simulation to provide the simulation results and determine the parameters for interference modelling. Before that RAN4 should agree on the system simulation assumptions and what statistics should be provided. In this contribution, we would like to focus on the heterogeneous network.
2 BS MMSE-IRC Scenarios
According to the objectives in WID, both homogenous scenario and heterogeneous network scenario should be under study. 
There would be two candidate set of system simulation assumptions: one as is used in UE MMSE-IRC study [2], i.e., 3GPP Case 1 and 3GPP Case 3; the other one is NAICS scenario 1 assumptions that was used for UE NAICS study [3], where ITU UMa path loss model is assumed. The latter one is based on the CoMP scenario 1 (Homogeneous network) [4] with the modified parameters.

In our view, 3GPP case 1 and case 3 assumptions will save effort for simulation, while the assumptions for NAICS Scenario 1 would be the most popular currently. So we would like to propose to define the similar scenarios as those for NAICS in BS MMSE-IRC WID.
Like NAICS, we can name homogenous network scenario as BS IRC Scenario 1 and the heterogeneous network as BS IRC Scenario 2. In Figure 1, we provide the pictures for these two scenarios.
· IRC Scenario 1:

· Homogeneous network, macro only, ISD = 500m, three sectors per site
· ITU UMa path loss model;

· Non-ideal backhaul between sites;

· Coordination assumptions: 
· Intra-site information exchange is possible;

· Inter-site information exchange is subject to the backhaul latency. 
· IRC Scenario 2:

· SCE Scenario 1;
· Backhaul assumptions:
· Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 
· Between macros of different sites: Non-ideal

· Coordination assumptions:
· Intra-site information exchange is possible
· Inter-site information exchange is subject to the backhaul latency
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(a) BS IRC Scenario 1: Homogeneous network;     (b) BS IRC Scenario 2: Heterogeneous network

Figure 1: BS MMSE IRC Scenarios

3 System simulation assumptions: Heterogeneous network
3.1 Specific parameters for uplink system simulation assumptions

The existing NAICS assumptions are mainly for downlink system evaluation. To provide the uplink evaluation assumptions, we need to add more necessary parameters and modify some of the parameters, including:

· Uplink power control: open loop power control for simplicity

· UE dropping: 100% outdoor to maximize the interference levels

· Uplink scheduling: full buffer transmission on PUSCH and allocate the continuous PRBs.

For the parameters of open loop power control we suggest using the same values in [5], i.e., P0=-82dBm, α=0.8 for Macro UE and P0=-76dBm, α=0.8 for small cell UE.

· Proposal 1: For the homogenous network system simulation, we propose to apply uplink open loop power control with P0=-82dBm, α=0.8 for Macro UE and P0=-76dBm, α=0.8 for small cell UE, drop UE outdoor with 100% and assume the full buffer transmission on PUSCH with continuous PRB allocation. 
3.2 System simulation assumptions for BS IRC Scenario 2
In Table 1, we provide the system simulation assumptions for BS IRC Scenario 2 based on NAICS Scenario 2a with the modification on the uplink transmission.
Table 1: System simulation assumptions for BS IRC Scenario 2
	 Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites and macro cell and small cell share the same frequency
Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz 

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm for Macro cell and 30 dBm for small-cell

	Distance-dependent path loss
	ITU UMa for macro and UMi for small cell

	Penetration loss
	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 for Macro cell and ITU UMi for small-cell

	Antenna pattern
	3D (referring to TR36.819) for Macro cell
2D Omni-directional is baseline for small cell; directional  antenna is not precluded

	Antenna Height: 
	25m for Macro cell and 10m for small cell

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi for Macro cell and 5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna configuration
	Baseline for both Macro and small cell BS: 2Rx, 4Rx (0.5 lambda), cross-polarized, 2Tx

Baseline for UE: 1 Tx

	Number of clusters/buildings per macro cell geographical area
	1, 2

	Number of small cells per cluster
	4

	Number of small cells per Macro cell
	4*Number of clusters per macro cell geographical area

	Number of UEs 
	[30 or 60] UEs per macro cell geographical area

	UE dropping
	100% UEs are outdoor
Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	Minimum distance 
	 Same as SCE Scenario #1 in TR36.872
• Macro – small cell cluster centre: >105m
• Macro – UE : >35m
• Small cell – small cell: >20m
• Small cell – UE : >5m

	BS receiver
	IRC as baseline for inter-cell interference mitigation

	BS noise figure
	5dB

	UE speed
	3km/h

	Number of CRS ports
	2 CRS ports 

	Cell selection criteria
	RSRP for intra-frequency and no CRE

	Unified handover margin
	3dB

	Network synchronization
	Synchronous between cells located in the same site

	Backhaul Modelling
	The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 
· Exchange of the information between cells located in different sites is subject to latency in non-ideal backhaul

	Traffic model
	Full buffer transmission on PUSCH.

	Uplink transmission schemes
	Single port uplink transmission on PUSCH; No MU-MIMO and uplink CoMP are used.

	Uplink scheduling
	Proportional fair (continuous PRB scheduling for one user to keep the single carrier characteristic);

	UE power class
	23dBm (200mW)

	Uplink power control
	Open loop power control: FPC, [P0=-82dBm, α=0.8 for macro UE and P0=-76dBm, α=0.8 for pico UE]


4 System-level evaluation methodology
The similar statistical measures and methodologies as proposed for homogeneous network system simulation will be used.
5 Conclusions

In this paper, we mainly discuss the methodology to determine the interference model based on heterogeneous network system simulations. We have the following proposals:
· Proposal 1: For the homogenous network system simulation, we propose to apply uplink open loop power control with P0=-82dBm, α=0.8 for Macro UE and P0=-76dBm, α=0.8 for small cell UE, drop UE outdoor with 100% and assume the full buffer transmission on PUSCH with continuous PRB allocation. 
The similar statistical measures and methodologies as proposed for homogeneous network system simulation will be used.
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