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1. Introduction
In RAN#47 meeting, the proposal for a new Work Item on enhanced ICIC (eICIC) for non-CA based deployments of heterogeneous network (HET NET) was approved [1]. The study will include consideration of Rel’8/9 techniques and any new techniques should ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact. In previous RAN1 meetings, eICIC schemes for macro-pico deployment were discussed, and consensus was reached that the use of Rel’8 ICIC and UL power control mechanism would be sufficient for mitigation of interference in macro-pico deployments. Since then, attentions have been shifted to interference control in macro-femto deployment scenario. The greatest concern in this scenario is the interference which non-CSG UEs served by a macro cell but located in or near a femto cell suffer from the femto cell transmissions, where the UEs are not served by the femto cell. (Such a macro UE is referred to as victim macro UE in this document.)
In the last meeting (#61bis, Dresden), the following agreement was reached as a way forward on further discussion on macro-femto interference.
· Solutions for macro-femto deployment:

· Consider power control and time domain solution as baseline solutions

· Frequency domain solution is not precluded.

· Feedback from other WGs should be consolidated to make decision

· Applicability of macro-pico scenario is FFS
In this contribution, we compare several time domain solutions for the issue of interference mitigation in macro-femto deployment by means of system-level simulation, focusing on victim macro UEs in femto cells.
2. Macro-femto co-channel deployment
An SINR distribution for a macro-femto deployment is shown in Figure 1, where it is observed that homeNodeB UEs (HUE) connected to femto cells typically have better SINR than macro UEs (MUE) connected to macro cells and that about 20% of all the macro UEs experience SINR below -3 dB. These observations can be accounted for in the modelled scenario by two facts that an HUE and its serving femto cell are located in the same apartment and that 20% of all the MUEs are in femto cells, suffering strong interference from the femto cells and receiving weak signals from their serving macro cells. The SIR distribution shown implies a need for some solutions for mitigation of interference on control signals which victim MUEs in femto cells receive from their macro cells. In our view, interference on PDSCH which victim MUEs have to receive can be mitigated by frequency domain approaches such as FFR (Fractional Frequency Reuse). Our proposed solution to mitigation of interference on PDCCH which victim MUEs have to receive is to puncture femto cells’ PDSCH REs which can interfere with the PDCCH which victim MUEs have to receive [3,4].
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Figure 1: DL wideband SINR (Geometry) distribution in macro-femto deployment
3. Performance analysis of time domain muting scheme for macro-femto deployment
We compared the following four solutions by means of system level simulation. The simulation assumptions are given in the Appendix.
· FFR

· FFR plus PDSCH OFDM-symbol muting [Figure 2]
· FFR plus OFDM-symbol-level time shift plus PDSCH OFDM-symbol muting [Figure 3]

· Ideal FFR plus OFDM-symbol-level time shift plus PDSCH OFDM-symbol muting [Figure 4]
The following three figures explain the concepts of three of the four solutions above.

FFR plus PDSCH OFDM-symbol muting:
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Figure 2: FFR plus PDSCH OFDM-symbol muting
When the control region size of the DL subframe of the homeNodeB (HeNB) is smaller than that of the macro eNodeB (MeNB), some PDSCH OFDM symbols in the subframe of the HeNB are muted as shown in Figure 2. The muting can decrease interference on control signals from the MeNB. When the control region size is the same between HeNB and MeNB, the PDSCH is not muted but PDCCHs may be sparsely mapped in the control region of the HeNB. In practice, the HeNB does not know the size of the dynamically changing control region transmitted by the MeNB. The total size of muting region and control region of the HeNB may be 3 for all DL subframes.
FFR plus OFDM-symbol-level time shift plus PDSCH OFDM-symbol muting
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Figure 3: FFR plus OFDM-symbol-level timing shift plus PDSCH OFDM-symbol muting
As shown in Figure 3, the DL radio frame of the HeNB is shifted by some OFDM symbols relative to the frame timing of the MeNB. And some PDSCH OFDM symbols of the HeNB symbols are muted. The muting can decrease interference on control signals from the MeNB while the shifted control region of the HeNB can interfere with the PDSCH from the MeNB in the FFR part (where victim MUE is scheduled). 
Ideal FFR plus OFDM-symbol-level time shift plus PDSCH OFDM-symbol muting
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Figure 4: Ideal FFR plus OFDM-symbol-level timing shift plus PDSCH OFDM-symbol muting
As shown in Figure 4, the DL radio frame of the HeNB is shifted by some OFDM symbols relative to the frame timing of the MeNB. Some PDSCH OFDM symbols of the HeNB are muted. And a part of the shifted control region of the HeNB is muted so that this part will not interfere with the PDSCH from the MeNB which the victim MUE has to receive. Thus PDSCH muting can decrease interference on control signals from the MeNB which the victim MUE has to receive. As a part of control region of the HeMB is muted, unlike the third solution (Figure 3), the PDSCH from the MeNB in the FFR part (where victim MUE is scheduled) is not affected by the shifted control region of the HeNB. However, Rel’8/9 specifications don’t allow for such a muting of the control region because each PDCCH is mapped over the entire DL transmission bandwidth.
Performance of four solutions

Figures 5 and 6 respectively show distributions of PDCCH SIR and user throughput for MUEs. And Table 1 shows a summary of user throughput of MUE, victim UE and HUE. The table shows that compared with FFR only, some improvement of user throughput of victim MUEs in femto cells and outage for MUEs are achieved by the muting of PDSCH OFDM-symbol muting of HeNB and OFDM-symbol-level frame time shifting.
While the PDCCH SIR of MUEs is improved especially in regions with SIR of below about 0 dB by time shifting and PDSCH muting as shown in Figure 5, the improvement of user throughput of victim MUEs in femto cells is not large, even when FFR is applied to the PDSCH region intended to be scheduled for a victim MUE. This is because common RS is still transmitted by femto cells in the FFR region and can interfere with the PDSCH region, and victim MUEs have to receive signals from macro cells at a low power due to the penetration loss of the premises. If possible, muting of CRS RE of femto cells or cancellation of CRS from femto cells at the MUE could improve the user throughput of victim MUEs in femto cells.
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Figure 5: PDCCH SINR distribution of MUEs
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Figure 6: User throughput of MUEs
Table 1: Summary of throughput performance
	Parameter
	FFR
	FFR + Muting
	FFR + Timing shift

＋Muting
	Ideal FFR + Timing shift

+ Muting

	Ave. user throughput of 
all UEs [kbps]
	14672
	12594
	11411
	11421

	Ave. user throughput of 
HUEs [kbps]
	47488
	40182
	36080
	36080

	Ave. user throughput of 
MUEs [kbps]
	1546
	1558
	1543
	1558

	Ave. user throughput of 
Victim MUEs [kbps]
	284
	346
	289
	342

	Outage ratio of MUEs
	10.0%
	7.1%
	7.1%
	6.2%


4. Discussion
Time shifting of the HeNB radio frame is not always needed, especially when the HeNB has a smaller control region size than the MeNB, as shown in Figure 2. The control　region size can dynamically change every DL subframe in both macro and femto cells. If an assumption can be made that a femto cell serves a small number of UEs, the control region size of the femto cell can be set to one OFDM symbol for all DL subframes, time shifting is not applied to the femto cell and the muted PDSCH size is always 2 OFDM symbols. When a HeNB is sure that no MUEs exist in its cell, PDSCH muting is unnecessary. Not all REs on the PDSCH OFDM symbol identified to be muted necessarily have to be muted. The scheduler in each femto cell can select which REs to mute, according to e.g. the QoS of data in the PDSCH transmitted by the femto cell.
Besides time-shifting and PDSCH OFDM symbol muting, other solutions include the use by the femto cell of almost blank subframes or coordinated MBSFN subframes. The use of these subframes can decrease interference on the signals which victim MUEs in a femto cell have to receive and this approach is attractive when the femto cell is lightly loaded. However, interference due to CRS from the HeNB still exists. If an almost blank subframe doesn’t allow for transmission of PHICH on it, HARQ operation for data transmission in the femto cell can be limited. The use of a combination of frame time-shifting and PDSCH muting may be better than the use of almost blank subframes or MBSFN subframes when the femto cell is relatively highly loaded because the total blanked PDSCH region of the femto cell is smaller in size.

5. Summary and conclusion
Four solutions to mitigation of interference on signals received by victim macro UEs in femto cells in a macro-femto deployment have been compared by means of system-level simulation. And it has been shown that compared with FFR (Fractional Frequency Reuse) only, some improvement of user throughput for the MUE in a femto cell and outage of the MUE is achieved by OFDM-symbol-muting and OFDM-symbol-level time shifting.

Our preference is to use time-domain solution to resolve the interference issue in macro-femto deployments.

And our views on the time-domain solution are:

· Time-shifting of the radio frame of a femto cell is not always needed.

· The control region size of a femto cell may be set to 1 OFDM symbol and the first two OFDM symbols in the PDSCH region of the femto cell are muted when the femto cell is aware that victim macro UE exists in the cell.

· Not all REs on the PDSCH OFDM symbol identified to be muted have to be muted. The scheduler in each femto cell can select which REs to mute, according to e.g. the QoS of data in the PDSCH transmitted by the femto cell.
· When a femto cell is relatively highly loaded, the muting of PDSCH OFDM symbols of the femto cell may be better than the use by femto cell of almost blank subframes or MBSFN subframes.

· When a femto cell is aware that no macro UE is in the femto cell, the femto cell doesn’t mute PDSCHs or use almost blank subframes or MBSFN subframes.
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Appendix: Simulation parameters
Table A1: Simulation parameters

	Parameter
	Macro cell
	Femto cell

	Cellular layout
	7 sites, 3 cells per site
	Dual-strip model, urban deployment (See Table A2)

	Inter-site distance
	500 m
	-

	Distance-dependent path loss
	Model 1
	See Table A.2.1.1.2-8 [5]

	Shadowing standard deviation
	8 dB
	4 dB for Link between HeNB and HUE.
8 dB for other links.

	Penetration loss
	20 dB
	Interior wall penetration loss is 5 dB.

Exterior wall penetration loss is 20 dB.

	UE moving speed
	3 km/h

	Antenna pattern
	See Table A.2.1.1-2 [5]
	A(() = 0 dB (horizontal)

	Channel model
	TU channel model

	Total BS TX power (Ptotal)
	46 dBm
	20 dBm

	Antenna configuration
	2 Tx and 2 Rx antenna ports, uncorrelated

	Antenna gain
	14 dBi
	5 dBi

	Number of OFDM symbols for 

control channels
	3
	1

	Number of users
	14 users per macro-cell (including 10 MUEs and 4 HUEs)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Scheduling algorithm
	Proportional fairness

	Max. retransmission number
	0

	Traffic model
	Full buffer


Table A2: Dual-strip model (Urban deployment) parameters

	Parameter
	Assumption

	Number of HeNB clusters per cell
	1

	Number of apartments per floor
	40

	Number of floors per HeNB cluster
	1

	Deployment ratio
	0.1

	Activation ratio
	100%

	Probability of indoor Macro UE
	20 %
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