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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 objective is 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.

This first objective should be completed in maximally two meetings and preferably sooner [2], with as much detail as possible because the outcome of the discussion will affect the interference models for link level simulation as stated in the second objective below:
· Based on the RAN1 scenarios, (RAN4) agree on co-channel inter- and intra-cell interference models for link-level simulation 

Based on the RAN1 scenarios, the system level gain of NAIC receivers will be evaluated in objective #3
3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modeling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signaling needed to achieve the system level gain.

· ….
Hence the scenario discussion serves two purposes: (1) define system level assumption for evaluating NAIC receivers; (2) providing guidance to RAN4 in the definition of interference model for link level simulation. 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, transmission mode (rank, precoding, MCS) of all inter/intra-cell interference, including the desired channel. SINRs of interest can be defined for example based on the cell-edge or medium SINRs.  
In this contribution, we propose the system level simulation assumption based on the proposed scenario in [3].  
2. Scenario Consideration and Proposal
In [3], we proposed the following principles for scenario definition: 
· Define scenarios in RAN1 to serve two purposes: (1) define system level assumption for evaluating NAIC receivers; (2) providing guidance to RAN4 in the definition of interference model for link level simulation.

· Include both homogenous and heterogeneous network scenarios that can be selected from existing ones from TR36.814 (LTE-A Rel-10), TR36.819 (CoMP), TR36.871 (eDL-MIMO), and TR36.923 (small cell), with minimal modification

· Align system simulation parameters with those defined in the previous documents as much as possible

· Minimize the number of scenarios for homogenous and heterogeneous deployment

· Define baseline scenarios as deployment without any coordination. Additionally, when defining scenarios that mainly differs in coordination assumptions, clarify and define scheduler behavior with sufficient level of details if possible, but serving only as reference practice for (1) providing guidance to RAN4 on the link level model of resulting interference (2)  establishing a reference system level performance for studying the additional gain from NAIC receivers

· Two baseline scenarios, one each for homogeneous and heterogeneous deployment respectively. Baseline scenarios assume no inter-cell coordination.

· Two additional scenarios, one each for homogeneous and heterogeneous deployment respectively, with intra-site coordination which reflects the possibility of centralized scheduling or tight scheduler coordination between intra-site cells. CoMP transmission, as a type of intra-site coordination, may be considered if the scheduler and feedback assumptions can be clearly defined.   

	Scenario 
	Characterization
	Notes on simulation assumptions[note]

	A (baseline homogeneous)
	Homogeneous w/o coordination
	Same as “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 per Rel-12 eDL-MIMO agreement in R1-130457 

	B (baseline hetnet)
	Heterogeneous with outdoor LPN under no coordination  
	Same as “scenario #1” in small cell SI (R1-130856). Also the same as “scenario #2a” only with small cell using the same carrier as macro

	A + Intra-site
	Scenario A plus intra-site coordination
	Same as CoMP scenario #1 in TR36.819. 

	
	
	

	B + Intra-site
	Scenario B plus intra-site coordination among all nodes based on “Fiber access 4”  backhaul 
	Similar to CoMP scenario #3 in TR36.819 ” where the LPN model follows that of small cell “scenario #2a” instead 


Note: Detailed system simulation assumption can be found here in this contribution .

· Intra-cell interference under MU transmission can also be investigated for the IC/IS receivers.

· MU scheduling and transmission schemes should be described clearly when considered in the evaluation. Note that TM5/8/9/10 are the current transmission modes for MU.

· MU interference link-level modeling in RAN4 can be based on well-understood precoding schemes such as ZF precoding derived from SU-PMI in DMRS-based TM, or codebook-constrained precoding in CRS-based TM5 MU transmission. 

3. System Simulation Assumptions
Based on the scenario discussion, we propose the follow table for simulation assumptions, where the latest simulation assumptions from small-cell [9] are adopted which are aligned with those agreed in CoMP [5], eDL-MIMO [6]. 
· From TR36.814 v9.0.0 (2010-03) [4]
· Homogeneous deployment (case 1 and 3, and ITU): Simulation parameters from TR25.814 were reused such as SCM channel model, but 3D antenna pattern (i.e., with eNB antenna down tilting) was first introduced here. Case 1 & 3 were also the scenarios used in MMSE-IRC study in RAN4 [6]. But in TR36.814, ITU channel models were added and used widely.     

· From TR36.819 v 11.1.0 (2011-12)  [5]
· 4 CoMP scenarios were defined based on the level of coordination:

· Scenario 1&2 uses 3GPP Case1 as baseline, but ITU UMi (200m ISD) is recommended. 

· Scenario 3 &4 uses ITU UMa for macro and UMi for LPN (optional indoor-outdoor modeling: 80% indoor with penetration loss defined as 20+0.5din which is the same as in small cell simulation assumption [9])

· From TR36.871 v11.0.0 (2011-12) [6]
· 3 scenarios were defined there:

· A. Homogeneous macro network (2Tx, 4Tx)

· Use the macro part of the baseline channel of scenario 4 in the CoMP SI with indoor-outdoor modeling and (optional) 100% UE outdoors 
· In R1-130457 [9], further agreed that “The evaluation will use user distributions for scenario A for (a) the case with 20% outdoor/80% indoor UE distribution and (b) the open-space case with 100% outdoor UE distribution”

· B. Network with low power Tx points for both outdoor and indoor within the macrocell coverage

· Reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814

· Mandatory: 100% UE outdoors. Optional #1: UE dropped in LPN areas, 25% being indoor; Remaining UEs dropped in macro area with 80% being indoor. Optional #2: All UEs have 80% chance of being indoors

· C. Outdoor low-power Tx points

· Reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814
· C1: with macro cell on the same carrier frequency. No coordination between the low-power Tx points, nor with the macro

· C2: with macro cell on an adjacent carrier frequency. No coordination between the Tx points. The macro cell has to be taken into account in the cell selection mechanisms
· From small-cell TR36.923 (R1-130748 [7] and R1-130856 (2013-03) [8])

· Scenario #1:  Co-channel deployment of the macro cell and outdoor small cells. Non-ideal  backhaul

· This scenario is similar to scenario-B in eDL-MIMO which reused CoMP scenario #3/4 but with non-ideal backhaul.  Same UE dropping modeling as the optional indoor-outdoor modeling in CoMP scenario 3& 4 (i.e., 80% indoor and 20+0.5din for penetration loss)

· Scenario #2: Separate carrier frequency of macro and small cells with outdoor (#2a) and indoor (#2b) small cell deployment

· Scenario 2a is the same as scenario #1 except for carrier frequency @ 3.5GHz instead of the same as macro @ 2GHz. 

· Scenario #3:  Macro not present, but still with co-channel interference between small cells 

So we suggest the table below for simulation assumptions and we want to highlight:
· UMa pathloss and channel model for macro cell and UMi pathloss and channel model for LPN
· Penetration  loss and UE dropping follow small-cell agreement [9]
· 2-Tx and 4-Tx close-spaced cross-polarized antenna configure
· Both full (10 UEs per macro cell) and non full buffer
· Blue text represents parameters that contains some modification from [9]
· Red text represents added parameters or aspects 
	 
	Macro in scenario A (baseline homogeneous)  and scenario B (baseline HetNet)
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Small cell in scenario B

	Layout
	Hexagonal grid, 3 sectors per site, case 1 with 500m ISD (see below for penetration loss), 19 macro sites
(In hetnet scenario only, both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.)
	












Clusters uniformly random within macro geographical area;small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm, Optional: 24dBm, 37dBm 

	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
	ITU UMi [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)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

Note: 20dB here is baseline and other values are not precluded

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 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
	 ITU UMi

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

	Number of clusters/buildings per macro cell geographical area
	1, 2, optional of 4

	Number of small cells per cluster
	4, 10

	Number of small cells per Macro cell
	[4,10]*Number of clusters per macro cell geographical area

	Number of UEs 
	Full-buffer traffic model: 10 UEs for homogeneous deployment 

	UE dropping
	Baseline homogeneous: according to TR36.871 updated by R1-130457 option (a) the case with 20% outdoor/80% indoor UE distribution (b) 100% outdoor
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	 
	50m

	Radius for UE dropping in a cluster
	 
	70m

	Minimum distance (2D distance)
	Macro – UE : 35m
	 

	
	 
	Small cell-small cell: 20m

	
	 
	Small cell-UE: 5m

	
	 
	Macro –small cell cluster center: 105m

	
	 
	cluster center-cluster center: 2x Radius for small cell dropping in a cluster

	Traffic model
	Full buffer and FTP Model 1 as in TR 36.814  

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	Baseline: RSRP for intra-frequency and no CRE

	Network synchronization
	Synchronized. When evaluating under synchronization error, assumed synchronization accuracy in such simulations should be stated.

	Backhaul assumptions
	• The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 
         -The latency values of  {2ms,10ms,50ms} are recommended for evaluation.
• Whether and how the backhaul assumptions are explicitly modelled in the simulations should be indicated by companies when presenting the results.  
• Proposals considering backhaul assumptions should analyze the influence of these assumptions on the delivery of the information to be exchanged and on the access network performance metrics.
• Intra-site coordination scenarios: Fiber access 4 in Table 6.1-1 of 36.932

	Performance metrics
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for a reference scheme). 
Note: performances should be evaluated for users in all area and for users served by small cells.

	Considered intra-cell transmission schemes
	SU-MIMO (adaptive rank-1 &2)
MU-MIMO (adaptive SU and MU). Scheduler behavior (MU pairing, precoding, rank decision, MCS decision) and assumed feedback should be described by companies in detail for reproducing results, for example using well-understood precoding schemes such as ZF precoding derived from SU-PMI in DMRS-based TM, or codebook-constrained precoding in CRS-based TM5 MU transmission 

	Considered inter-cell CoMP transmission scheme
	Baseline: No CoMP
CoMP schemes like CBF, DPS/DPB, if considered, should be described by companies in detail for reproducing results

	Feedback assumption
	Baseline: SU RI/PMI/CQI based on Rel-8/9 feedback (CRS based)
Rel-11 CSI process (based on CSI-RS and IMR) can be considered when CSI-RS and IMR configuration are clearly defined 

	Receiver impairment modeling (demodulation)
	
Non-ideal channel estiamtion of PDSCHFor MMSE-IRC. Companies should describe simulation details for reproducing results.
For the MMSE-IRC baseline receiver: The IRC correlation matrix can be approximated using the complex Wishart distribution with M degrees of freedom [36.829 with DMRS based sample covariance matrix]. Details of the covariance matrices, estimation error, and statistical interference modeling should be described by each company

	Receiver impairment modeling (feedback)
	Non-ideal CRS or CSI-RS/IMR channel/interference estimation. 


4. Conclusion 
In this contribution, we propose the system level simulation assumptions as above, which align well with the latest simulation assumptions from small-cell [9] that are also aligned with those agreed in CoMP [5] and eDL-MIMO [6].
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