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1. Introduction  
In RAN#47, enhanced Inter-Cell Interference Coordination (ICIC) for co-channel Heterogeneous Network (Het-Net) was approved as a WI. The objective is to identify and evaluate non-CA based, enhanced ICIC for control and data channels in Het-Net deployments. 

At RAN1#61, numerous contributions were discussed on the interference problems in Het-Net environment. It was agreed that enhanced interference management is needed for Macro-Femto [1]; while the need of enhanced interference management for Macro-Pico w/ large range expansion value is for further study [2]. 
Several approaches aiming for inter-cell interference coordination of downlink control channels in non-CA based heterogeneous deployments were discussed. In an overlaid co-channel deployment between the Macro eNBs (MeNBs) and Low-Power Nodes (LPNs), performance of the interference coordination techniques for control channels have not been fully studied yet. In this contribution, we present the performance results of control channel with some interference coordination techniques. We also study the impact of CRS transmission on interference in different scenarios and propose a solution to solve the link adaptation issue on PDCCH.
2. Time domain interference co-ordination techniques 
A number of methods have been proposed to mitigate the inter-cell interference in downlink control channel. The basic idea is more or less similar: trying to achieve orthogonality among the radio resources used for control channel in macro cell and LPN cell layers. This resource partitioning could be done in either time or frequency domain.
For instance, by introducing a time shift in the subframe numbering (for FDD systems), combined with coordinated muting with MBSFN subframe or almost blank subframe [6], it is possible to introduce an improvement in the experienced interference level from overlapping cells. It may have minimal specification impact and backward compatibility, as Rel-8 control channel structure is reused. In addition, almost blank PDCCH subframe(s) with inter-subframe scheduling (for data transmission) seems also beneficial because LTE TDD inter-subframe scheduling and cross-carrier scheduling specifications might be reused [7].
To make these time domain eICIC techniques work, interference information in time domain should be exchanged between cells through backhaul signaling. Here we discuss about the backhaul signaling in the following three main interference scenarios:
1. in macro-pico deployment with range expansion, cell-edge pico UEs suffer from interference from macro eNB;
2. in macro-femto deployment, macro UEs in the proximity of femto cells suffer interference from HeNB;
3. in macro-femto deployment, femto UEs suffer interference from the neighboring HeNB.

Similar to current ICIC techniques, both reactive indicator (like OI) and proactive indicator (like HI) can be defined in time domain. Since downlink interference is UE specific, it might be more useful to use a proactive scheme. For example, in scenario1 pico eNB can inform macro eNB the occurrence of high interference sensitivity so that macro eNB can try to avoid scheduling or lower the power in those subframes. In scenario2, macro eNB can inform HeNB the occurrence of high interference sensitivity so that HeNB can try to avoid scheduling in those subframes. For scenario3, it can be useful to use reactive scheme since HeNB usually has small number of UEs. HeNB can exchange the interference level information with the neighboring HeNBs.  
The unit in time domain coordination can be in subframe. The period of the time domain information (i.e. number of subframes) can be related to HARQ timing as data retransmission and control channels like PHICH is related to HARQ. For example, in figure 1 we do grouping of 8 HeNBs. Coordination among 8 HeNBs can be done such that transmission only occurs in those green subframes. With appropriate backhaul signaling, orthogonality can be achieved with time domain eICIC.
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Figure 1 An example of coordinated transmission in 50 subframes with grouping of 8 HeNBs in HARQ timing
3. Simulation under different interference scenarios
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 to different extent. Interference co-ordination can be done with the techniques discussed in Section 2. With those techniques, we assume the following scenarios.

· Scenario1: No interference coordination between macro eNBs and LPNs.  

· Scenario2: Each LPN does interference coordination with only one macro eNB whose coverage is overlapped with LPN cell. For example, for LPN UEs, the interference from the macro cell the LPN associated with is avoided.  
· Scenario3: All LPNs and macro eNBs have interference coordination. For instance, this could be achieved by letting all the macro cells transmit PDCCH in odd subframes and all the LPNs transmit PDCCH in even subframes. Note that in this scenario, the interference between LPN cells could still exist since no coordination among LPNs.  
· Scenario4: All LPNs and macro eNBs have interference coordination, but all LPNs and macro eNBs still transmit CRS in the coordinated subframes. One antenna port is assumed for all LPNs and macro eNBs in this scenario.
3.1 Simulation Assumptions

The simulation assumptions are as described in [3]. In this contribution, 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, 0.4 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.
3.2 Simulation Results
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].

Table 1a and 1b show the outage (BLER >= 1%) ratio of the UEs in different interference coordination scenarios and different Pico cell configurations with biased cell selection and RSRP based cell selection respectively. We give an example in figure 2a and 2b to show the UE SINR CDF with 4 Pico nodes in the Configuration 4a and with 30 dBm Pico transmit power. More SINR CDFs of different configurations can be found in Annex B.

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

1. For biased cell selection case with 6dB bias, the outage ratios are high (e.g. up to 33%) without interference coordination between macro and pico. With RSRP based cell selection, the PDCCH outage issue is not very serious but it is higher than the homogeneous network. So if eICIC techniques are defined, it could be applied to pico with RSRP based cell selection as well.
2. With limited macro-pico interference coordination in scenario 2 (i.e. each pico does eICIC with only one macro eNB), the outage ratios improve in some extent but the outage can still be as high as 19% for the pico UEs in the system with biased cell selection. Pico UEs are still suffering from interference from some other macro eNBs.  

3. With full macro-pico interference coordination in scenario 3, the PDCCH outage ratios are reduced to a reasonable level.  The pico-pico interference is still there in all scenarios including scenario 3. The drop of outage ratio in scenario 3 tells us that macro-pico interference is the dominant type of interference and pico-pico interference can be ignored. 

4. With CRS interference in scenario 4, the PDCCH outage ratios are still at a reasonable level. The transmission of CRS has very little effect on CCH performance and CRS interference can be ignored.
The approach with full coordination between all macro-pico effectively solves the issue of high PDCCH outage ratios.  Further study can be done to see how much macro-pico coordination is actually needed. It will be something between scenarios 1 and 3.
Table 1a PDCCH performance with different interference scenarios under Configurations 1,4a and 4b of macro-pico deployments biased cell selection with 6dB bias
	Outage ratio 

Biased cell selection with 6dB bias
	4 Picos,
30 dBm Config 1
	4 Picos,
30 dBm Config 4a
	4 Picos,
30dBm Config 4b

	Scenario1

	All UE 
	12.63%
	11.78%
	10.8%

	
	Macro UE
	0.38%
	0.34%
	0.23%

	
	LPN UE
	32.92%
	25.48%
	18.27%

	Scenario2

	All UE 
	7.21%
	6.05%
	4.42%

	
	Macro UE
	0.29%
	0.26%
	0.16%

	
	LPN UE
	18.66%
	12.98%
	7.44%

	Scenario3

	All UE 
	1.3%
	1.07%
	0.56%

	
	Macro UE 
	0.14%
	0.11%
	0.07%

	
	LPN UE 
	3.24%
	2.21%
	0.91%

	Scenario4
	All UE 
	1.69%
	1.34%
	0.71%

	
	Macro UE 
	0.15%
	0.12%
	0.09%

	
	LPN UE 
	4.25%
	2.8%
	1.2%


Table 1b PDCCH performance with different interference scenarios under Configurations 1,4a and 4b of macro-pico deployments with RSRP based cell selection
	Outage ratio  

RSRP based cell selection
	4 Picos,
30 dBm Config 1
	4 Picos,
30 dBm Config 4a
	4 Picos,
30dBm Config 4b

	Scenario1

	All UE 
	3.58%
	3.06%
	1.89%

	
	Macro UE
	2.74%
	2.52%
	2.01%

	
	LPN UE
	6.09%
	4.14%
	1.76%

	Scenario2

	All UE 
	2.14%
	1.92%
	1.08%

	
	Macro UE
	1.53%
	1.53%
	1.17%

	
	LPN UE
	3.98%
	2.69%
	0.97%

	Scenario3

	All UE 
	0.62%
	0.48%
	0.27%

	
	Macro UE 
	0.23%
	0.2%
	0.22%

	
	LPN UE 
	1.79%
	1.03%
	0.35%

	Scenario4
	All UE 
	0.73%
	0.57%
	0.34%

	
	Macro UE 
	0.32%
	0.28%
	0.31%

	
	LPN UE 
	1.96%
	1.14%
	0.38%
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Figure 2a UE DL SINR CDF, 4 Picos/Macro cell, 30 dBm Pico transmit power, Configuration 4a, bias=6dB
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Figure 2b UE DL SINR CDF, 4 Picos/Macro cell, 30 dBm Pico transmit power, Configuration 4a, bias=0dB
Table 2 PDCCH performance with different interference scenarios under macro-femto deployments

	Outage ratio
	Femto

deployment ratio 0.2
	Femto

deployment ratio 0.4
	Femto

deployment ratio 1

	Scenario1

	All UE 
	9.08%
	10.18%
	14.28%

	
	Macro UE
	14.77%
	20.07%
	25.81%

	
	LPN UE
	1.97%
	4%
	11.39%

	Scenario2

	All UE 
	4.96%
	6.59%
	11.81%

	
	Macro UE
	7.4%
	10.82%
	14.25%

	
	LPN UE
	1.91%
	3.95%
	11.21%

	Scenario3

	All UE 
	1.73%
	3.06%
	9.3%

	
	Macro UE 
	1.61%
	1.65%
	1.74%

	
	LPN UE 
	1.89%
	3.95%
	11.19%

	Scenario4
	All UE 
	2.7%
	4.85%
	11.82%

	
	Macro UE 
	3.35%
	6.3%
	14.32%

	
	LPN UE 
	1.89%
	3.95%
	11.19%


Table 2 shows the UE outage ratio of in different interference coordination scenarios with different Femto deployment ratios. We give an example in Figure 3 to show the UE SINR CDF in the Macro-Femto deployment with Femto deployment ratio to be 0.4. More UE SINR CDFs of different configurations can be found in Annex B.
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Figure 3 UE DL SINR CDF, Femto/Macro with deployment ratio 0.4
From the results of simulation with macro-femto deployment, we have the following observations:

1. In scenario 1, the PDCCH outage issue is very serious in all deployment ratios. Problem exists especially for macro UEs when deployment ratio is 0.2 or 0.4 and all UEs when the ratio is 1.

2. With limited macro-femto interference coordination in scenario 2, the outage ratios improve in some extent but the outage is still too high in all deployment ratios.
3. With full macro-pico interference coordination in scenario 3, the PDCCH outage ratios are reduced to a reasonable level when the deployment ratio is 0.2. Note that the outage ratios for macro UEs have dropped a lot from scenario 1/2 to scenario 3 but the PDCCH outage issue is still there for femto UEs. This tells us that femto-femto interference is the dominant type of interference for femto UEs.
4. Similar to macro-pico scenario, CRS interference has very limited effect on CCH performance in the low deployment ratios. However, with high femto deployment ratio, UE outage ratios increase quite significantly. In this case, a solution based on total blank subframe may be needed to avoid CRS interference.
This full coordination between all macro-femto does not fully solve the issue of high PDCCH outage ratios. Femto-femto coordination is needed to order to solve the issues for femto UEs when the deployment ratio is high. Further study should be done to investigate how much femto-femto coordination is needed.
4. PDCCH link adaptation issue with interference coordination

Due to the different requirements (e.g. BLER/outage) for control and data, it is expected to have different extent of interference coordination on control and data channels. Some of the techniques described in section 2 can be applied to control channel only. In Rel-8 homogeneous network, PDCCH link adaptation with 4 different CCE aggregation levels usually relies on data CQI. With interference coordination applied differently to data and control channels, good link adaptation of PDCCH is hard to achieve with the data CQI. If the PDCCH aggregation level is determined too conservatively, PDCCH resources would be wasted and it may cause the PDCCH capacity issue [11]. On the other hand, the PDCCH outage ratio may shoot up if aggregation level is set too low. In order to solve this link adaptation issue, we propose to apply the CSI-RS muting techniques (discussed in the CoMP agenda item) to heterogeneous networks. In CoMP, CSI-RS muting enables the UE to measure the channel from coordinating cells. For heterogeneous networks, we can use this technique to measure the channel without interference from the coordinating cells because the corresponding CSI-RS RE locations in the coordinating cells are muted. 

In order to measure channel both with and without interference from the coordinating cells, we can use the CSI-RS partial muting technique proposed in [9, 10]. As indicated by terminology, partial muting only mutes PDSCH transmission in some of RE’s overlapping with CSI-RS from interfering cells while keeps PDSCH transmission as normal in rest of RE’s overlapping with CSI-RS from interfering cells. In contrast, the full muting mutes all PDSCH RE’s that overlaps with CSI-RS in all involved interfering cells. An example is given in Figure 4.
For each cell, data REs are muted corresponding to half of CSI-RS REs of the coordinating cells. For example, CSI measurement is done in the yellow REs for pico cell1. Half of these REs are suffered from the interference from data of macro cell and pico cell2. On the other hand, there is no interference in another half of these REs because the corresponding RE locations in macro cell and pico cell2 are muted. Two CQIs can be derived from these two sets of CSI-RS REs. One CQI （CQI_Int）is based on the CSI-RS REs with inter-cell interference (i.e., CSI-RS from Macro/Pico are overlapped).  This can be seen as the original data CQI. Another CQI（CQI_noInt） is based on the CSI-RS REs with no interference (i.e., CSI-RS from Macro/Pico are not overlapped). Or we can have ΔCQI to represent the difference of these two CQIs and feed back to eNB. Based on the two CQIs, eNB can determine the PDCCH aggregation level more accurately. E.g. if interference co-ordination is applied only to control channel, eNB will use CQI_noInt to determine the PDCCH aggregation level and use CQI_Int to perform scheduling and MCS assignment. CQI_noInt can be also used in data channel if some of data is sent with interference coordination. Therefore, this can effectively solve the link adaptation issues for PDCCH and PDSCH when interference coordination is done dynamically.
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Figure 4 CSI-RS partial-muting with reuse factor=3 
5. Conclusions

In this contribution, we have presented performance evaluations for control channel eICIC in co-channel deployments of macro-pico and macro-femto under different interference scenarios. Based on our simulation results, we have the following conclusions:
· For macro-pico deployment, co-ordination between macro eNB and pico eNB effectively solves the issue of high PDCCH outage ratio when biased cell selection is used. For each pico eNB, it’s preferable to co-ordinate with more than one macro eNB. Also, impact of CRS interference on the PDCCH performance is small.
· For macro-femto deployment, co-ordination between macro eNB and femto eNB can reduce the PDCCH outage ratio for macro UEs but the femto UEs still suffer from femto-femto interference when the deployment ratio is high. Further study should be done to investigate how much femto-femto coordination is needed. Impact of CRS interference cannot be ignored when the deployment ratio is high.
· With interference co-ordination techniques applied only to control channel (or differently comparing with data channel), the link adaptation is different for control channel and data channels. We propose to use CSI-RS partial muting so that channel can be measured in the resources with and without interference from the coordinating cells respectively. Two CQIs can be fed back with these two type of channel measurement. These two CQIs can be used in both control and data channels dynamically based on the conditions of interference co-ordination.
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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, 19 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
	0 and 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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for 2GHz, R in km

	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)
	0.2，0.4，1

	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
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Fig. B.1 UE DL SINR CDF, bias=0 dB, Pico Configuration 1 (left) and 4b (right)
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Fig. B.2 UE DL SINR CDF, bias=6 dB, Pico Configuration 1 (left) and 4b (right)
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Fig. B.3 UE DL SINR CDF, Femto deployment ratio 0.2 (left) and 1 (right)
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