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1. Introduction  
Radio link monitoring is performed at each UE to check the radio link reliability. Because of the eICIC techniques such as almost blank subframes, interference can vary significantly from one subframe to another. Interference condition in the subframes where measurements are done may not be consistent with the condition in the subframes where data is actually transmitted. The traditional radio link monitoring doesn’t reflect the channel quality during actual transmission and hence may create unnecessary declaration of radio link failure (RLF).
In the last meeting [1], it was agreed that UE RLM/RRM measurements are restricted to certain resources (e.g., subframes) for both macro-femto and macro-pico deployment cases. If the measurements are done at certain resource which reflects the interference condition during actual data transmission, unnecessary RLF declarations can be avoided for Rel-10 UEs. However, restricting the measurements to certain resources cannot solve this issue for legacy (i.e. Rel-8/9) victim UEs since those UEs don’t know the specific resources to do the measurements without signaling. A common solution which also works for legacy UEs is preferable. 
[2] has proposed that HeNBs mute their PDSCH RE corresponding to the CRS locations of the macro eNB. In this case, unnecessary RLFs can be avoided for all UEs including legacy macro UEs which measure channel quality in CRS corresponding to the muted REs of the HeNB. In this contribution, we study the effect of RE muting on the measurements and propose a mechanism for RE muting.
2. SINR distribution with RE muting  
In this section, simulations are performed to obtain the SINR distribution of macro UEs with and without RE muting in a macro-femto deployment. This long term SINR represents the UE measurements for RLM. The simulation assumptions are as described in [6]. We present simulation results for 3GPP Case 1 channel under macro-femto deployment with femto deployment ratio of 0.2 and 1. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are listed in Annex-A. We consider cases with and without RE muting and power setting as described below:

1. RE muting 

· When RE muting is applied, each HeNB mutes the REs corresponding to the CRS locations of its N strongest interfering macro cells. In our simulation, N=1 or 2 is considered.  
2. Power setting

· When power setting is applied, it is done according to [3] in which the power of HeNB is adjusted based on the RF distance between macro eNB and HeNB.
Note that in the simulation we assume when RE muting is done, all REs corresponding to the whole CRS pattern can be muted. This can be achieved either by using symbol shifting [2] or assuming the number of macro CRS REs interfered by the control channel region of HeNB is small as the loading of HeNB is generally low.

Figure 1 Macro UE DL SINR under macro-femto deployment with/without RE muting and power setting with deployment ratio R=0.2
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Figure 1(a) Left – each HeNB mutes the REs corresponding to 1 set of macro CRS pattern
Figure 1(b) Right – each HeNB mutes the REs corresponding to 2 sets of macro CRS patterns
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Figure 2 Macro UE DL SINR under macro-femto deployment with/without RE muting and power setting with deployment ratio R=1

Figure 2(a) Left – each HeNB mutes the REs corresponding to 1 set of macro CRS pattern

Figure 2(b) Right – each HeNB mutes the REs corresponding to 2 sets of macro CRS patterns

Figure 1 and Figure 2 show the DL SINR distribution of macro UE under macro-femto deployment with deployment ratio R=0.2 and R=1 respectively. All the red curves are of no RE muting while the green curves are of RE muting. With power setting alone (red dotted curves), outage rate has decreased but it may not be enough especially when the deployment ratio is high. With time domain coordination e.g. [4], outage rate is further reduced to a more reasonable level (green dotted curves). If coordination is done but without RE muting corresponding to the CRS locations of the interfering macro cell(s), the gap between red curves and green curves are the cases where unnecessary RLF occurs. The threshold of declaring RLF depends on the receiver type. Here we assume it’s around -10 dB. From Figure 2(a), it can be seen that around 15% of macro UEs would declare RLF while only 5% of UEs are actually in the RLF condition. Therefore, without RE muting, around 10% of macro UEs would suffer the problem of unnecessary RLF. When deployment ratio is low, e.g. R=0.2, RE muting also helps to reduce unnecessary RLF but the effect of RE muting corresponding to one set of CRS pattern or two sets (i.e. Figure 1(a) and Figure 1(b)) is not much different. When deployment ratio is high e.g. R=1, it would further reduce the unnecessary RLFs if the HeNB mutes two sets of CRS patterns from the two strongest interfering macro cells.  
3. PDSCH RE muting – puncturing and rate-matching
For legacy femto UEs, the PDSCH RE muting can be done in a transparent manner via puncturing. Performance would be degraded for legacy femto UEs but the degradation is not serious in low MCS as shown in [2, 5] so that they can be still in operating mode. For Rel-10 femto UEs, the PDSCH RE muting can be done either in transparent or non-transparent manner.  Same performance degradation would be expected for Rel-10 UEs if it’s done transparently. To avoid such performance degradation, it is preferable to do the muting via rate-matching in which Rel-10 UEs are aware of the locations of the muted REs. This requires signaling from the HeNB to inform UEs the muted RE locations. We propose the following procedure:
· With a network listener attached, the HeNB does measurement and forms a list L of interfering macro cells with  P_M > Q.  The list L can be in form of Physical cell ID (PCI) corresponding to each interfering macro cell.

· P_M is the received power at femto from the macro cell and Q is a threshold (which can be fixed or configurable).

· HeNB informs its serving Rel-10 UEs the list L via a high layer message e.g. SIB message.

· When HeNB transmits data to the femto UEs, HeNB mutes the REs corresponding to the CRS of the interfering macro cells in the list L. If targeted UEs are Rel-10 UEs, HeNB performs rate matching for RE muting. If targeted UEs are Rel-8/9 UEs, HeNB performs puncturing.
· The location of the muted REs is known on the femto UEs by deriving from the list L. Each HUE performs its data receiving and rate de-matching according to the location of the muted REs.  

Alternatively, the HeNB can perform RE muting only when it detects any macro UE nearby.  
4. Conclusions

In this contribution, we have presented simulation results to show the SINR distribution with and without RE muting in a macro-femto deployment. With RE muting, unnecessary RLFs can be avoided. RE muting can be applied for both legacy UEs and Rel-10 UEs. Data puncturing is done for legacy UEs while rate matching can be done for Rel-10 UEs. Finally, a mechanism of performing RE muting and informing UEs the muted RE location is proposed.  
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Annex-A
Table A.1：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.2: 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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