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Discussion
1
Introduction
Based on the WF[1][2] and the agreed simulation assumptions in [3], RAN4 will further check the feasibility of interference mitigation solutions for eIMTA on RAN4#70bis. 
In our previous contribution [4] we presented results without cell clustering and we made following observations:
· The UL PC IM for eIMTA is feasible at least at low load, i.e for a low BS activation ratio. 
· At higher load, further simulation results should be reported to differentiate and find a trade-off between potential gains in DL and UL.
· The cell edge UE may still encounter critical situation observed from the simulation results. It may be better further evaluated for the cluster coordination together with UL PC IM to coordinate the interference for cell edge UE. 
In this paper, we provide an evaluation from SINR point of view for the uplink power control based DL-UL interference mitigation (ULPC) together with cell clustering interference mitigation (CCIM) for 100% cell activation probability. Also UL PC only method is compared with 100%, 50% and 20% cell activation probabilities against corresponding UL and DL only case. Pure CCIM method is studied in another contribution [5].
2
Discussion 
According to [3], Pico only case (scenario 3) was selected for simulation. In the baseline case, the same UL/DL TDD configuration is used in all cells, marked as “DL only” or “UL only” in the figures, where these marks indicate that all the pico cells are configured respectively with full DL transmission or full UL transmission. The other cases are based on transmission direction of Pico cells that are randomly set for UL or DL with 50% probability. Also different cell activation probability was evaluated: 100% when all the pico cells are activated, and down to 5% of the pico cells are randomly activated. Two sets of parameter are simulated regarding open loop UL power control {Po, alpha}: {-71 dBm, 0.8} and {-66 dBm, 0.8} in addition to reference UL power control set of {-76 dBm, 0.8}. Cell clustering method is used in addition to UL PC enhancement to improve UL link performance with higher pico cell activation probability. This was found problematic with pure UL PC method [4]. Further UL PC IM results for 20%, 50% and 100% cell activity probabilities were compared against baseline case using same cell activity probability. Note that a full buffer traffic model is assumed.
2.1 UL SINR
The {P0, alpha} of {-76, 0.8} is the reference UL PC parameter used in performance evaluation. And different PC parameter sets ({-66, 0.8} (indicated as UL PC +10dB in figure) and {-71, 0.8} (indicated as UL PC +5dB in figure)) were checked with cell clustering threshold of -80dB.  
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Figure 1: CDF of the UL SINR for UL PC +CCIM

In figure 1, it shows with CCIM+ UL PC, the cell edge SINR are without problem even for activation rate 100% case. And with the effect of UL PC, the CCIM threshold is -80dB, lower than the threshold of -85dB for pure CCIM case in [5]. When comparing UL PC IM only method against UL only baseline we see that cell edge is difficult to meet RAN4 feasibility criteria (several dB lower performance) even at lower cell activation probability of 20%.
In table 1, the uplink UE throughput performance is shown with cell clustering method and UL PC enhancement. Increasing P0 value improves both cell edge and average cell throughput. 

Table 1: Uplink UE throughput performance with cell clustering and UL PC enhancement.

	IM method
	5%-ile UE throughput gain (loss <0)
	50%-ile UE throughput gain (loss<0)

	CCIM Th=-80dB, UL PC +10dB
	10.3%
	20.0%

	CCIM Th=-80dB, UL PC +5dB
	3.1%
	17.1%


2.2 DL SINR 
The DL SINR of flexible UL/DL configuration without UL PC IM already introduces gain comparing with the baseline of fixed configuration case. With IM of UL PC together with cell clustering, the DL average SINR is not changed and the cell edge UE SINR is slightly degraded. 
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Figure 2: CDF of DL SINR CDF of the UL SINR for UL PC +CCIM
DL SINR is decreased when P0 is increasing (higher UE interference from UL). Cell clustering with UL PC parameter set {-66 dBm, 0.8} slightly exceed RAN4 feasibility criteria of 5% maximum UE 5%-ile throughput loss. However, RAN4 criteria is met both in uplink and downlink when UL interference is decreased by UL PC parameter set {-71 dBm, 0.8}. Therefore cell clustering threshold -80dB is also providing accepted RAN4 performance when UL PC enhancement is also introduced.
Table 2: Downlink UE throughput performance with cell clustering and UL PC enhancement.

	IM method
	5%-ile UE throughput gain (loss <0)
	50%-ile UE throughput gain (loss<0)

	CCIM Th=-80dB, UL PC +10dB
	-5.6%
	0.0%

	CCIM Th=-80dB, UL PC +5dB
	-1.7%
	4.9%


3
Conclusion

In this paper, we provide simulation results from SINR point of view for UL PC with cell clustering for eIMTA, and come with the following observation:
· The UL PC IM alone for eIMTA may be only feasible at low load, i.e for a low BS activation ratio [4] due to the cell edge degradation. 
· At higher cell activation probability cell clustering together with UL PC is feasible solution for higher cell loads. It shows with CCIM+ UL PC, the cell edge SINR are without problem even for activation rate 100% case. 
· With the effect of UL PC, the CCIM threshold is lower than the threshold for pure CCIM.
· Cell clustering threshold of -80dB is proposed for pico cell only case (Scenario 3) with both CCIM and UL PC methods.
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Annex: Simulation Assumptions
	Macro deployment


	The typical 7-cell and 3-sectored hexagon system layout

Note that macro cells are deployed but not activated    

	Pico deployment
	40m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between UE and pico
	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

	Maximum pico TX power
	24 dBm

	UE power class
	23 dBm (200 mW)

	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
	6 dB

	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 112WS(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Fast fading
	Not modelled

	UE antenna configuration
	1 Tx, 2 Rx

	Shadowing standard deviation between Pico and UE
	10 dB

	Small cell activation/deactivation
	Small cell activation with a predefined probability.

	DL/UL subframe configuration
	Transmission direction of each outdoor Pico cell is randomly set as DL or UL with a 50% probability

	Open loop UL power control parameters
	Pico UE: P0 = -76 dBm,alpha = 0.8 (normal case)
Pico UE: P0 = -71 dBm,alpha = 0.8 (eULPC case)
Pico UE: P0 = -66 dBm,alpha = 0.8 (eULPC case)

	UL interference model
	For picos in UL SF status, random selecting a UE as interference source. 

	Performance metrics
	DL SINR and UL SINR
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