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1. Introduction

In the RAN #58, it was approved that a new work item for eIMTA would be started in RAN1 meeting. The WID proposes the interference mitigation scheme(s) are studied in eIMTA. 
	· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.
· E-UTRAN/UE measurements, backhaul coordination, and signaling,
· Power control;


In this contribution, we share our views on interference mitigation schemes for eIMTA.
2. Discussion of interference mitigation schemes
In TR36.828 [2], as the interference mitigation schemes, the following schemes can be considered.
· Cell clustering interference mitigation (CCIM)
· Scheduling dependent interference mitigation (SDIM)
· Interference mitigation based on eICIC/FeICIC schemes
· Interference suppressing interference mitigation (ISIM)
In the last meeting, many companies preferred the CCIM and/or SDIM based interference mitigations. We share the same views that CCIM and SDIM should be considered as main areas for interference mitigation caused by UL-DL reconfiguration.
Proposal 1:
· CCIM and/or SDIM should be considered as the interference mitigation schemes
· FFS whether dynamic or semi-static cell clustering / coordination
However, the CCIM and SDIM approaches have a tradeoff between traffic adaptation gain and interference mitigation gain. Figure 1 shows the examples of the tradeoffs. In Figure 1, with CCIM, all cells in the same cluster follows the same directions in each subframe, and SDIM is used for interference mitigation between clusters with different UL/DL configurations.  
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Figure 1. Tradeoff between interference mitigation gain and traffic adaptation gain
In this figure, when a radius of cell cluster is getting larger, the interference mitigation gain is getting higher. In this case, the traffic adaptation gain becomes lower since there will be more restrictions for the transmission directions among the cells. On the other hand, when a radius of cell cluster is small, the interference mitigation gain may be small, but the traffic adaptation gain can be improved since there will be more flexibility of transmission direction changes. Based on the above consideration, we should study more performance improvement for the schemes listed in TR36.828.
3. Transmit power control (TPC) based solutions
In the last meeting, quite a few contributions mentioned the benefits of power control based interference mitigation schemes [3]-[6]. The following schemes have been proposed as the examples of power control based interference mitigation schemes.
· Multiple semi-static power control parameters for DL and UL (e.g. dual loop TPC) [3], [4]
· In terms of UL TPC, some semi-static TPC parameter sets are configured for eNB and UE. As an example, we assume that two sets of TPC parameters. One set is applied to the subframes of the same direction within a cluster, and the other set is applied to the subframes of the different direction within a cluster. Inherently, optimized transmission power is set according to the interference conditions. It is FFS about the needs of specification changes for supporting DL TPC and related functionalities.
· Dynamic TPC, e.g. TPC command enhancement (e.g. larger TPC step) [5]
· In terms of UL TPC, this scheme can be applied to adjust the transmission power dynamically for interference mitigations. For example. in [5], the extended range of TPC command is applied and DL transmission power is determined according to the IoT (interference over thermal) in a subframe. An eNB can estimate IoT without coordination. This can be also a candidate of the UL TPC enhancements for eIMTA. It is also FFS about the needs of specification changes for supporting DL TPC and related functionalities.
We believe that the TPC based solutions should be also considered for eIMTA interference mitigation schemes. TPC may be applied jointly with other schemes, such as CCIM and SDIM. Especially, we consider TPC based solutions can relax the restriction for the transmission directions which is considered in CCIM scheme.
As an initial evaluation, we evaluated the impact on the geometry performances by allowing the power control based solutions. Figure 2 shows the assumptions for the initial evaluations.
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Figure 2. Assumptions for eIMTA interference mitigations
In this evaluation, we assume that the radio frame consists of the fixed and flexible subframes and the radio frame configuration is [D, S, U, F, F, D, S, U, F, F] (D: DL subframe, S: Special subframe, U: UL subframe, F: Flexible subframe) in the network. Two sets of TPC parameters are applied according to the flexible or fixed subframes for TPC parameters. Specifically, the following parameters are applied;
· DL TPC
· Total transmission power for fixed subframes: 24 dBm
· Total transmission power for flexible subframes: 18 dBm (lower than max power by 6 dB)
· UL TPC
· Nominal target power for fixed subframes: -76 dBm
· Nominal target power for flexible subframes: - 70 dBm (higher than target power in fixed subframes by 6 dB)
In this simulation, to make simulation assumption simple, the eNB randomly sets as DL and UL with 50% probability in the flexible subframes.
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Figure 3. Power control based interference mitigation without CCIM
Figure 1 shows the UL/DL geometry distributions without CCIM schemes. As shown in these figures, when the DL transmission power is reduced in the flexible subframes, the UL geometry is improved since eNB-eNB interference is reduced. In addition, when the UL transmission power is increased in the flexible subrames, the UL geometry is improved more. Regarding the DL geometry, we can confirm that the degradation of the DL geometry is negligible.
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Figure 4. Power control based interference mitigation with CCIM
Finally, Figure 4 shows the geometry performance in the case of the combination of power control and CCIM. As shown in these figures, power control can co-exist with the CCIM based interference mitigation and we can expect the performance gain for the eIMTA systems.
Therefore, we propose
Proposal 2:
· UL/DL Power control should be studied to mitigate interference and to improve the performances
· DL power control
· Specification impact should be discussed 
· UL power control
· FFS whether dual loop or single loop power control
· FFS whether semi-static (e.g., dual loop TPC) or dynamic (e.g., CL TPC with larger TPC step) power level change
4. Conclusion
In this contribution, we propose
Proposal 1:
· CCIM and/or SDIM should be considered as the interference mitigation schemes
· FFS whether dynamic or semi-static cell clustering / coordination
Proposal 2:
· UL/DL power control should be studied to mitigate UL-DL interference
· DL power control
· Specification impact should be discussed  
· UL power control
· FFS whether dual loop or single loop power control
· FFS whether semi-static (e.g., dual loop TPC) or dynamic (e.g., CL TPC with larger TPC step) power level change
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6. Annex
Table 1 shows the simulation assumptions for the simulations.
Table 1. Simulation assumptions
	Parameters
	Assumptions / Values

	eIMTA scenario
	Scenario 3 (Co-channel multiple pico scenarios)

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment
	19-cell and 3-sectored hexagonal grid layout
Macro cells are deployed but not activated

	Pico deployment
	40 m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between pico cell and UE
	10 m

	Pico antenna pattern
	2D, Omni-directional

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Pico transmission power
	24 dBm for fixed subframes
18 dBm for flexible subframes

	UE power class
	23 dBm

	Number of UEs per pico cell
	10 UEs uniformly dropped around each of the pico cells

	Shadowing standard deviation between picos
	6 dB

	Shadowing standard deviation between pico and UE
	3 dB for LOS
4 dB for NLOS

	Shadowing correlation between UEs
	0

	Shadowing correlation between picos
	0.5

	Pico-to-pico pathloss
	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] 

Case1: 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]

	Pico-to-UE pathloss
	PLLOS(R)=103.8+20.9log10(R)
PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km 

Case1: 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]

	UE-to-UE pathloss
	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]

	Radio frame configuration
	[D, S, U, F, F, D, S, U, F, F]
(D: downlink, S: Special subframe, U: uplink, F: Flexible subframe)
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