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1. Introduction  
At RAN1#61, it was agreed that enhanced interference management is needed for Macro-Femto [1] deployment. At last RAN1 meeting #61b, a proposal based on flexible TDD DL/UL configuration between interfering cells and interfered cells was proposed as an interference management scheme [2]. In this contribution, we study its’ performance via simulations and validate its effectiveness of interference management.
2. TDD DL/UL configuration for interference management 
The basic idea of this eICIC scheme for TDD is to configure UL subframe(s) instead of DL to reduce interference to other cells. Fig. 1 illustrates one example for macro-femto deployment [2]. It is suggested that in the configured UL subframe(s), the UL transmission can be restricted in a very limited resource and in some cases can be completely blank. However, by configuring UL subframe(s), the femto UE(s) might cause some interference to macro UE and macro eNB may cause some interference to femto eNB in return. The following three scenarios are considered for comparison;
· Scenario 1: no interference coordination between macro eNBs and LPNs,  

· Scenario 2: there’s transmission on the configured UL subframe(s) in the interfering cells (i.e., PUCCH or PUSCH),  

· Scenario 3: the configured UL subframe(s) are completely blank.  
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Fig. 1 interference control for Macro-Femto (left) and macro-Pico (right) [2]
3. Simulation assumptions and results
In this section, simulations were performed to investigate how much performance improvement can be achieved on control channels after applying interference coordination between macro eNB and LPNs. The possible interference scenarios discussed in Section 2 are also evaluated. Interference co-ordination is done with the technique as in [2]. The simulation assumptions are as described in [3]. We present simulation results for 3GPP Case 1 with several UE distributions. In particular, Configuration 1, 4a and 4b for Pico as in [3] are considered. For Femto, deployment ratio of 0.2 and 1 are considered. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are listed in Annex-A. 
The focus of interference issues for co-channel deployments of Macro cells and LPN cells is always on control channel (CCH) performance, as good CCH performance is the base for the data channel performance in both uplink and downlink. Among the CCHs, physical dedicated control channel (PDCCH) is an important and vulnerable one. Thus, in this paper, we focus on PDCCH performance under different interference scenarios. It is assumed that a BLER < 1% is needed for the control channels [4]. Then, a required SINR of -3.8 dB is assumed for such target [4]. Note that α defined in Section 5.1.1.1 of [5] is equal to 1 in all the following simulations.
3.1 Macro-femto
Table 1 shows the outage (BLER >= 1%) ratio of the macro UEs in different scenarios and different R and Po values respectively. We give several examples in Fig.2 to Fig. 5 to show the macro UE DL SINR CDF. Fig.6 shows an example of femto UE UL SINR CDF to see the effect of macro DL transmission. More macro UE DL and femto UE UL SINR CDFs of different configurations can be found in Annex B.
Table 1 Macro UE PDCCH outage ratio
	
	R=0.2 (no eICIC PDCCH outage ratio= 13.98%)
	R=1 (no eICIC PDCCH outage ratio= 26.98%)

	Po
	-60 dBm
	-80 dBm
	-90 dBm
	-60 dBm
	-80 dBm
	-90 dBm

	without UL interference from FUE(s)
	0.79%
	0.9%
	0.43%
	0.95%
	0.86%
	1.18%

	with UL interference from FUE(s)
	7.38%
	2.94%
	1.01%
	18.40%
	7.28%
	3.93%


From the above results of simulation with macro-femto deployment, we have the following observations:

1. With or without UL transmission from femto UE(s), this TDD eICIC scheme is effective to reduce the macro UE PDCCH outage ratio.  

2. When femto deployment ratio is small (e.g., R=0.2) or femto UL transmit power is small (e.g., Po = -80 ~ -90 dBm), the UL transmission from FUE(s) has little impact to macro UE.
3. However, in the case of high femto deployment ratio or the femto UL transmission power is high (e.g., Po = -60 dBm), a total blank subframe(s) may be preferred on the configured subframe(s).
4. For the femto UE’s UL transmission, the interference comes mostly from other femto UEs (especially for large femto deployment ratio); the interference from macro eNB(s) has negligible effect.    

[image: image3.emf]-60 -50 -40 -30 -20 -10 0 10 20 30

0

10

20

30

40

50

60

70

80

90

100

CDF[%]

3gppcase1:Macro-Femto

Macro UE DL SINR[dB]

 

 

no UL Interfere in eICIC

have UL Interfere in eICIC

no eICIC


Fig. 2 Macro UE DL SINR CDF, R=0.2, Po= -60 dBm
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Fig. 3 Macro UE DL SINR CDF, R=1, Po= -90 dBm
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Fig. 4 Macro UE DL SINR CDF, R=1, Po= -80 dBm
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Fig. 5 Macro UE DL SINR CDF, R=1, Po= -60 dBm
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Fig. 6 Femto UE UL SINR CDF, R=1, Po= -80 dBm
3.2 Macro-pico
In [6], we showed that enhanced interference management is required if biased cell selection is used. In the following simulation, a 6 dB bias is used in cell selection. Note that different from the example shown in Fig.1 where macro 1 and macro 2 has different DL/UL ratio, the DL/UL ratio in all macro cells are the same during our simulation since we have 4 pico cells in each macro cell. Po is chosen to be -80 dBm in the following simulations.
Fig. 7 to Fig.9 show the Pico UE DL SINR and macro UE UL SINR for Configuration 1, 4a and 4b respectively. Similar results are observed for all configurations. Compared to macro-femto deployment, with this TDD eICIC scheme, we can still observe some interference from macro UEs’ UL transmission to pico UEs. This DL-UL mismatch interference is not negligible especially for those pico UEs at the edge of their pico cells. We believe the reason is that some scheduled macro UEs happened to be very close to the pico UEs. This could be resolved by adding some restriction to the macro eNB scheduler where those macro UEs close to pico cells are not scheduled on the configured subframe(s). Fig. 10 to Fig. 12 show the Pico UE DL SINR and macro UE UL SINR for Configuration 1, 4a and 4b respectively when such scheduling restriction was added to macro eNB. It is observed that the effectiveness of this TDD eICIC improved a lot with macro eNB scheduling restriction on configured subframe(s).    
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Fig. 7 Configuration 1, Pico UE DL SINR (left) and Macro UE UL SINR (right) [image: image10.emf]-40 -30 -20 -10 0 10 20 30 40 50 60
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Fig. 8 Configuration 4a, Pico UE DL SINR (left) and Macro UE UL SINR (right)
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Fig. 9 Configuration 4b, Pico UE DL SINR (left) and Macro UE UL SINR (right)
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Fig. 10 Configuration 1 w/ scheduling restriction, Pico UE DL SINR (left) and Macro UE UL SINR (right) [image: image16.emf]-40 -30 -20 -10 0 10 20 30 40 50 60
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Fig. 11 Configuration 4a w/ scheduling restriction, Pico UE DL SINR (left) and Macro UE UL SINR (right)
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Fig. 12 Configuration 4b w/ scheduling restriction, Pico UE DL SINR (left) and Macro UE UL SINR (right)
Table 2 Pico UE PDCCH outage ratio
	
	No restriction on macro UE scheduling
	Restriction on macro UE scheduling

	Configuration
	1
	4a
	4b
	1
	4a
	4b

	w/o UL interference from MUE(s)
	3.16%
	1.87%
	0.76%
	3.12%
	1.94%
	0.75%

	w/ UL interference from MUE(s)
	16.08%
	11.41%
	8.98%
	6.16%
	3.05%
	2.03%

	No eICIC
	31.8%
	24.44%
	17.56%
	31.37%
	24.96%
	17.5%


Table 2 summarizes the PDCCH outage ratio of pico UEs in different configurations. Based on the above results, we have the following observations in macro-pico deployment:

1. With or without UL transmission from macro UE(s), this TDD eICIC scheme is effective to reduce the pico UE PDCCH outage ratio.  

2. Compared to macro-femto deployment, now the UL transmission from MUE(s) has noticeable impact to pico UEs. This DL-UL mismatch interference could be resolved by either macro eNB scheduling restriction or totally muted UL subframe(s) on macro UEs.
3. For the macro UEs’ UL transmission, the interference comes mostly from pico eNB(s).
4. Conclusions

We have presented performance evaluations for a TDD eICIC scheme in co-channel macro-pico and macro-femto deployments under different configurations. Based on our simulation results, we have the following conclusions:
· This TDD eICIC scheme is effective in control the interference between macro and LPN cells.
· The effectiveness of this TDD eICIC scheme could be further improved by scheduling restriction and/or total muted subframe(s) in the interfering source cells.

Thus, we propose to adopt this interference co-ordination technique for TDD based on DL/UL ratio allocation.
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Annex-A
Table A.1 Simulation parameters for macro-pico deployments

	Parameter
	Assumption

	Scenario
	Case 1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 7 sites, 3 sectors per site, wrap‑around

	LPN cell layout
	4 Picos per Macro cell

	UE distribution
	Configuration 1
	25 UEs 

	
	Configuration 4a
	60 UEs

	
	Configuration 4b
	60 UEs

	Cell selection bias
	6 dB

	Min distance among Picos 
	40 m

	Min distance between Pico and Macro
	75 m

	Min distance between UE and MeNB 
	35 m

	Min distance between UE and Pico
	10 m

	Total eNB TX power (Ptotal)
	46 dBm

	Total Pico TX power
	30 dBm

	BS antenna gain plus cable loss
	14 dBi

	Pico antenna gain plus connector loss
	5 dBi  

	UE antenna gain
	0 dBi

	Distance-dependent path loss for Macro to UE
	Model 1 [3]: L= 128.1+37.6log10(R) for 2GHz, R in km

	Distance-dependent path loss for Pico to UE
	Model 1 [3]: 
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	Penetration Loss  
	20 dB 

	Number of antenna elements 
	1 × 2

	Shadowing standard deviation
	10 dB


Table A.2: Femto dual stripe modelling assumptions

	Parameter
	Value

	Femtocell block
	Each femto cell block represents two stripes of apartments. Each stripe has 2 x N apartments, and the size of each apartment is 10m x 10m. Each femto cell block has L floors. There are streets between and outside of the two stripes of apartments, with width of 10m.

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	1

	R (deployment ratio: ratio of an apartment with a HeNB)
	0.2, 1

	P (activation ratio: ratio of active HeNB)
	1

	HeNB distribution
	Random uniform within a HeNB deployed apartment.

	HUE distribution
	Random uniform within an active HeNB deployed apartment.

	Number of active HUEs per HeNB
	1 (Closed Subscriber Group)

	Penetration loss of an outdoor wall (Low)
	20 dB

	Penetration loss of the wall separating apartments (Liw)
	5 dB

	Power of HeNB
	20dBm

	Nt of HeNB
	1

	Nr of HUE
	1


Table A.3：Femto dual stripe Model of Path Loss
	Cases 
	Path Loss (dB) 

	UE to
Macro
eNB 
	(1) UE is outside 
	PL (dB) =15.3 + 37.6log10R, R in m

	
	(2) UE is inside an apt
	PL (dB) =15.3 + 37.6log10R + Low, R in m

	UE to
Home
eNB 
	(3) Dual-stripe model: UE is inside the same apt stripe as HeNB 
	PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw 

R and d2D,indoor are in m 
n is the number of penetrated floors 
q is the number of walls separating apartments between UE and HeNB 
In case of a single-floor apt, the last term is not needed 

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low 

R and d2D,indoor are in m 
q is the number of walls separating apartments between UE and HeNB

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

R and d2D,indoor are in m 
q is the number of walls separating apartments between UE and HeNB 


Table A.4: Macro parameters in macro-femto deployments
	Power of MeNB
	46dBm

	Nt of MeNB
	2

	Nr of MUE
	1

	MUE distribution
	10 MUE per Sector, Random uniform

	Sector per cell
	3


Annex-B
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Fig. B.1 R=0.2, Po= -80 dBm                    Fig. B.2 R=0.2, Po= -90 dBm
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Fig. B.3 R=0.2, Po= -60 dBm                    Fig. B.4 R=0.2, Po= -80 dBm
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Fig. B.5 R=1, Po= -60 dBm                    Fig. B.6 R=1, Po= -90 dBm
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