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1. Introduction
In RAN1 #73 meeting, a way forward on interference mitigation (IM) for eIMTA was discussed with the following working assumptions achieved [1]:
· In UL, at least two subframe sets can be configured, and for each subframe set,

· support separate open-loop power control parameters (P0 and alpha)

· FFS the application of these parameters to different channels e.g, PUSCH, SRS, PUCCH

· FFS  separate TPC command and accumulation is supported,  companies are encouraged to bring evaluation results regarding this proposal
· FFS if additional (more than two) subframe sets are needed

· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

· FFS further details of the required specification support

In a companion contribution [6], a few interference mitigation schemes are discussed, including clustering, power control and hybrid power control and clustering.  In this contribution, we provide performance analysis of these schemes.
2. Simulation assumptions
A variety of interference mitigation schemes are evaluated. Detailed algorithm descriptions can be found in [6]. These schemes are summarized as follows.
· Dual Open Loop Power Control (DOLPC): Different open loop power control parameters are used for different UL subframes considering the interference level. UL subframes are categorized into two groups. The categorization can be based on exchanged configurations between adjacent cells via backhaul signaling, or based on IoT measurement, etc. Different UL open loop power control parameters can be applied for different subframe groups: a first set of parameters (Po, α) can be configured for Group-1 (anchor UL subframes), and a second set of parameters (Po, α)* can be configured for Group-2 (non-anchor UL subframes). The following settings are assumed in evaluation:

· (Po, α) = (-76, 0.8) for subframe #2 in each radio frame, and a Po offset for other UL subframes to compensate their IoT increase compared to IoT on subframe #2.

Alternatively a fixed Po increase for non-anchor UL subframes is applied if their IoT is higher than a predefined threshold.
· Cell clustering (CCIM): Cells are grouped into cell clusters according to some metric(s), such as coupling loss, or interference level, etc. A cell cluster can contain one or more cells. The transmission direction of all cells in a cell cluster shall be the same, so that eNB- eNB interference can be mitigated within the cell cluster. The following settings are assumed in evaluation:

· Coupling loss threshold 90dB for clustering;

· Configuration is determined for all the cells in one cluster based on the aggregated DL to UL traffic ratio. 
· Hybrid clustering and power control: In this scheme, cells with high coupling, e.g. coupling loss smaller than threshold ‘A’ belong to the same cluster and shall coordinate transmission directions; cells with low coupling, e.g. coupling loss larger than threshold ‘B’ could have different transmission directions without any interference control; cells with medium coupling, e.g. coupling loss smaller than threshold ‘B’ but larger than threshold ‘A’ belong to a virtual logical cluster and could apply dual open loop power control to combat the interference. The following settings have been employed in evaluation:
· Coupling loss thresholds: A = 70dB, and B = 90dB

· Intra-cluster coordination
Backhaul signaling exchange rate limitation is evaluated with the following assumption:
· 3-bit quantization of DL/UL traffic ratio and 1-bit quantization of loading

In addition, baseline scheme is traffic adaptation (TA) without IM.
More detailed simulation assumptions are summarized in the Appendix. 
3. Evaluation results
· Comparison among IM solutions
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· Cell clustering can provide UL packet throughput gain but loss in DL packet throughput compared to TA, due to reduced traffic adaptation flexibility;
· Dual loop UL power control (ULPC) provides noticeable gain in UL over both TA and cell clustering;

· Hybrid clustering and dual loop ULPC further improves UL over ULPC without clustering, and improves DL significantly over clustering without ULPC.   
· Impact of backhaul information quantization
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· Backhaul exchange of 3-bit quantization of DL/UL traffic ratio and 1-bit quantization of traffic loading performs close to full DL and UL loading exchange.
4. Conclusions
In this contribution, we present performance evaluation results for a variety of DL-UL interference mitigation schemes for eIMTA, including baseline TA without IM, DOLPC, CCIM and CCIM plus DOLPC. Following observations have been concluded.
· Cell clustering can provide UL packet throughput gain but loss in DL packet throughput compared to TA, due to reduced traffic adaptation flexibility;
· Dual loop UL power control (ULPC) provides noticeable gain in UL over both TA and cell clustering;

· Hybrid clustering and dual loop ULPC further improves UL over ULPC without clustering, and improves DL significantly over clustering without ULPC.     
· Backhaul exchange of 3-bit quantization of DL/UL traffic ratio and 1-bit quantization of traffic loading performs close to full DL and UL loading exchange.
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Appendix – System Level Simulation Assumptions

Table 1. System level simulation assumptions for Pico-Pico scenario.
	Simulation Scenario
	Co-channel outdoor Pico-outdoor Pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m; [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout [36.942]. Note that macro cells are deployed but not activated 

	Outdoor Pico deployment
	40m radius, random deployment; [36.814]

	Number of Pico cells per sector
	4

	Min. distance between outdoor Pico cells
	40m; [36.814]

	Min. distance between UE and outdoor Pico
	10m; [36.814]

	Outdoor Pico antenna pattern
	2D, Omni-directional; [36.814]

	Outdoor Pico antenna gain
	5 dBi; [36.814]

	UE antenna gain
	0 dBi; [36.942]

	Outdoor Pico noise figure
	13 dB; [36.104]

	UE noise figure
	9 dB; [36.814]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	UE power class
	23 dBm (200 mW); [36.814]

	Number of UEs per Pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	Shadowing standard deviation between outdoor Pico cells
	6dB; [36.814]

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5; [36.814]

	Pathloss model
	

	Outdoor Pico to outdoor Pico
	LOS: 

if R<2/3 km, 

    PL(R)=98.4+20log10(R) [ free space loss]
else

    PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]
NLOS: 

PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probability of Relay-UE case1]

	Outdoor Pico to UE
	PL LOS(R)=103.8+20.9log10(R)    
PL NLOS(R)=145.4+37.5log10(R) 
For 2GHz, R in km 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 Pico-UE]

	Penetration loss
	0 dB (Not modeled)

	UE to UE
	If R<=50m, PL=98.45+20*log10(R), R in km
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)
[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Evaluation metrics
	DL and UL metrics collected separately, following metrics can be used

· Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer

	Time scale for reconfiguration
	10ms

	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Scheduler
	FIFO

	Pico antenna configuration
	1Tx, 1Rx

	UE antenna configuration
	1Tx, 1Rx

	Adaptation method of UL-DL reconfiguration
	The standard set of seven LTE UL-DL configurations except for configuration 4 was used for adaptation. The traffic adaptation algorithm was based on the estimation of the required number of the DL and UL subframes by taking into account the amount of data in DL/UL user queues.

	Link adaptation
	MCS selection with 10% BLER
If the highest MCS is selected, the BLER may be less than 10%

	Outdoor Pico DL power control
	According to analyzed interference management scheme

	UE UL Power control
	Open Loop Power Control P0 = -76 dBm, α = 0.8 on regular subframes

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations except for configuration 4 defined in Rel-8 can be used for reconfigurations.

	Small scaling fading channel
	ITU UMa

	CP length
	Normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is modeled according to 36.814 

	Receiver type
	MMSE receiver

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS; [ ITU-R M.2135 UMi]

	Traffic model
	Same traffic generation methodology and arriving rate as agreed in isolated cell case [R1-120080], independent traffic generation per cell.  Same arriving rate for all the cells

	Reference TDD configuration
	TDD UL-DL # 1 with ratio of DL and UL arrival rate = 1/1

	HARQ modeling
	Ideal HARQ is modeled. Maximum 4 HARQ transmissions are used.

	HARQ retransmission scheme
	CC
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