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1 Introduction
In [1], we proposed a coordination method for DL control channel in Macro-Femto co-channel deployment where some Macro UEs (MUEs) experience severe interference from nearby CSG Home eNBs (HeNBs). The proposal can be summarized as follows:

· Proposal: Employ the symbol-level time offset between HeNB and MeNB, and HeNB performs RE puncturing (or rate matching) for the REs used by MeNB’s CRS.
This proposal can protect MUE’s control channel from HeNB’s control channel interference and also prevent the unnecessary declaration of radio link failure (RLF) [2]. A concern is that this method results in the degradation of Home UEs’ (HUEs) DL performance due to the RE puncturing. However, since the off-loading effect obtained by deploying HeNB is expected to be huge and a HUE will occupy a large amount of resources, the performance loss caused by the RE puncturing seems to be acceptable.
In this contribution, we evaluated the above proposal in co-channel deployment of MeNBs and CSG HeNBs. We focus on investigating the impact of this proposal on the DL throughput performance of HUEs.
In addition, we also evaluated time domain cooperative silencing where CSG HeNBs stop transmission in coordinated subframes [3]

 REF _Ref264804667 \r \h 
[4] and the HeNB power setting approach in [6].
2 Simulation Assumptions
2.1 System model
The basic simulation assumptions are set according to 3GPP TR 36.814, assuming the dense urban dual stripe model and path loss model 1 for the HeNBs [5]. Some specific parameters are listed in Table 1.
Table 1: Dense Urban Dual Stripe Model parameters
	N (number of apartments per row)
	10

	M (number of blocks per cell)
	1

	L (maximum number of floors per block)
	6

	R (deployment ratio )
	0.1

	P (activation ratio)
	100%

	Probability of MUE being indoor
	35%


A maximum HeNB transmit power of 20dBm is assumed in most simulation scenarios, and in addition  downlink HeNB power setting based on interference measurement is considered. Both MeNBs and HeNBs operate in the same 10 MHz bandwidth and full-buffer traffic model is used. There are 30 UEs dropped within each macro geographical area and both MeNBs and HeNBs independently allocate radio resources to their UEs using a time and frequency selective Proportional Fair scheduler.
2.2 Coordination for DL control channel
Symbol-level time offset between HeNB and MeNB, and RE puncturing (or rate matching) in HeNB DL
The HeNB delays its subframe boundary at symbol level so that its PDCCH does not overlap with that of MeNB. In addition, the HeNB performs additional RE puncturing (for all UEs) or rate matching (for future release) for the REs used by MeNB’s CRS. Figure 1 depicts an example of this operation for the case where two-symbol shifting is applied. Two antenna ports are assumed for all links and CRS pattern of the HeNB is assumed to be shifted by one subcarrier. As shown in the figure, this RE puncturing can provide the MUE with interference-free CRS and prevent the unnecessary declaration of RLF.
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Figure 1: An example where HeNB transmits null REs at the position overlapped with the MeNB’s CRS.
In terms of HUE’s DL throughput, there are two types of throughput impairments, depending on whether the HeNB performs RE puncturing for the UEs of Rel-8/9 or rate matching for the UEs of Rel-10 and above.
In order to capture the throughput impairment from the RE puncturing (or rate matching), additional link level simulations are performed and then resulting link curves are used in link-to-system mapping.
HeNB power setting

We also evaluated HeNB power setting based on strongest receiving power of MeNB at the HeNB. The HeNB adjusts its maximum DL transmit power according to,
Ptx = max (min (α · PM + β , Pmax), Pmin) [dBm],


   (1)
where parameters Pmax = 20dBm and Pmin = 0dBm  is the maximum and minimum HeNB transmit power settings, while PM is the received power from the strongest co-channel MeNB. Parameter  is a linear scalar that allows altering the slope of power control mapping curve,  is a parameter expressed in dB that can be used for altering the exact range of PM covered by dynamic range of power control.
In the simulations α = 1.0 and β = 72 dB were chosen by heuristic optimization and there is a possibility of further improvement in performance by using other parameter settings.
2.3 Coordination for DL data channel

In addition, we evaluated time domain cooperative silencing where HeNBs are mute in a fraction of subframes, while MeNBs can transmit in all subframes. In such cooperative silencing, MUEs have coordinated subframes in which significant interference from HeNBs is removed. Consequently, such MUEs experience high fluctuation of interference level subframe-by-subframe. In this case, the baseline is to schedule such MUEs at the coordinated subframes but it is also possible for MeNBs to serve some MUEs at the uncoordinated subframes with an adequately controlled MCS level if the interference from the HeNB is not fatally destructive to those MUEs.
There are three simulation scenarios according to adopted schemes:
· Macro-only deployment

· Uncoordinated HeNB deployment: Co-channel deployment where MeNBs and HeNBs transmit in all subframes without any interference coordination.
· Coordinated HeNB deployment: HeNBs are mute in a fraction of subframes (for example, 5 subframes per frame), while MeNBs transmit in all subframes.
3 Simulation Results

3.1 SINR distribution
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Figure 2: UE SINR distribution in HeNB deployment with and without HeNB power setting
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Figure 3: Macro UE SINR distribution in HeNB deployment with and without HeNB power setting
Figure 2 shows that the tail MUEs in HeNB deployment experience severe interference problem caused by CSG HeNBs.

As shown in Figure 3, more significant SINR degradation occurs to indoor MUEs, especially when they are located in an apartment having a CSG HeNB in it. A large fraction of indoor MUEs experience the control channel decoding problem and they may declare radio link failure. In other words, such MUEs may fail to keep their connectivity without interference coordination.
In Figure 2 and Figure 3, we also provide the performance with HeNB power setting (results with dotted line). From the simulation results, we can observe that HeNB power setting can somewhat improve the SINR performance of the tail MUEs.
However, as expected, the SINR degradation occurs to HUEs. More importantly, the improvement provided by HeNB power setting seems not enough to overcome severe interference at indoor MUEs. The simulation results for different simulation assumptions are provided in Appendix and we can observe more serious interference problems when the indoor MUE ratio is increased,
3.2 Throughput performance

The mean and edge (5-percentile) user throughput are listed in Table 2 and Table 3, respectively.
The proposed RE puncturing or rate matching of HeNB is adopted in coordinated HeNB deployment. Note that in coordinated HeNB deployment, the number of coordinated subframes where HeNBs stop transmission is fixed as 5 in a heuristic manner and simulation results are expected to be suboptimal.
The results of uncoordinated HeNB deployment with and without HeNB power setting are listed as a reference even though there are large numbers of indoor MUEs experiencing radio link failure as shown in Figure 3.
Table 2: Mean User Throughput [kbps]
	Scenario
	All UE
	Macro UE
	Home UE

	Macro-only
	595
	595
	-

	Uncoordinated HeNB
	24002
	1100
	48569

	Uncoordinated HeNB with Power Setting
	16958
	1120
	33947

	Coordinated HeNB with Rate Matching
	11544
	1147
	22699

	Coordinated HeNB with Puncturing
	3851
	1147
	6752


Table 3: Edge User Throughput [kbps]
	Scenario
	All UE
	Macro UE
	Home UE

	Macro-only
	189
	189
	-

	Uncoordinated HeNB
	274
	14
	23366

	Uncoordinated HeNB with Power Setting
	344
	256
	13324

	Coordinated HeNB with Rate Matching
	385
	323
	10241

	Coordinated HeNB with Puncturing
	385
	323
	6195


Our first focus is to check the impact of the proposed RE puncturing and rate matching on the DL performance of HUEs. From the simulation results we have following observations:

· Overall, the introducing of HeNBs into macro-only deployment brings a huge improvement in terms of mean user throughput due to the off-loading effect.
· Even though the proposed rate matching or puncturing naturally causes the degradation of DL performance of HUEs, coordinated HeNB deployment along with the proposed method still shows a significant improvement in terms of mean user throughput when compared to macro-only deployment.
· When HeNBs perform rate matching, the performance loss can be effectively reduced.
 The throughput distribution for various simulation scenarios are depicted in Figure 4.
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Figure 4: UE Throughput CDF
Our second focus is to check the potential gain of time domain cooperative silencing where CSG HeNBs stop transmission in coordinated subframes.
As shown in Table 3 and the above throughput distribution (results indicated as coordinated HeNB deployment), time domain cooperative silencing significantly improve the 5-pencentile MUE throughput. More detailed values are provided in Table 4 and Table 5.
Table 4: Tail MUE Throughput [kbps]
	
	X-percentile MUE Throughput [kbps]

	Scenario
	X=1%
	2%
	3%
	4%
	5%

	Macro-only
	118 
	146 
	163 
	177 
	189 

	Uncoordinated HeNB
	0
	0
	0
	2
	14

	Uncoordinated HeNB with Power Setting
	0
	50
	177
	216
	256

	Coordinated HeNB
	214 
	255 
	278 
	306 
	323 


Table 5: Tail Indoor MUE Throughput [kbps]
	
	X-percentile Indoor MUE Throughput [kbps]

	Scenario
	X=1%
	2%
	3%
	4%
	5%

	Macro-only
	121 
	150 
	163 
	176
	185 

	Uncoordinated HeNB
	0
	0
	0
	0
	0

	Uncoordinated HeNB with Power Setting
	0
	2
	15
	80
	133

	Coordinated HeNB
	214 
	259 
	288 
	319 
	328 


Note that about 3% of MUEs cannot receive any packet when uncoordinated HeNBs are deployed with deployment ratio of 0.1 and a fraction of indoor MUE is 35%. Even with HeNB power setting, there are still some MUEs which cannot receive any packet, and significant throughput degradation occurs to indoor MUEs. Thus, the problem of MUEs experiencing the throughput outage will be worse if HeNB deployment ratio or indoor MUE ratio is increased in uncoordinated deployment scenarios.
We conclude that such time domain cooperative silencing can effectively reduce the throughput outage probability of MUEs and also provide a substantial gain in edge user throughput.
4 Summary

In this contribution, we evaluated system performance in Macro-Femto co-channel deployment and identified that large numbers of indoor MUEs experience the control channel decoding problem and they may declare radio link failure.
We evaluated the following as a coordination method for DL control channel.

· Proposal: Employ the symbol-level time offset between HeNB and MeNB, and HeNB performs RE puncturing (or rate matching) for the REs used by MeNB’s CRS.
In addition, we evaluated time domain cooperative silencing where HeNBs stop transmission in coordinated subframes. Based on the simulation results, we observed that:

· The proposed rate matching or puncturing still provides a significant throughput gain over macro-only deployment, even though the RE puncturing (or rate matching) naturally causes the degradation of HUEs’ DL performance.
· Time domain cooperative silencing can effectively reduce the throughput outage probability of MUEs and also provide a substantial gain in edge user throughput.
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Appendix: Other simulation results

In Figure 6, the parameters for HeNB power setting is adjusted for Suburban deployment as α = 1 and β = 87 dB. 

For both Urban and Suburban deployment, the transmit power of HeNB is mostly set as the minimum HeNB transmit power, meaning that the following results show almost the best performance of MUEs assuming HeNB power setting and the improvement provided by HeNB power setting seems not enough to solve the problem of potential occurrence of radio link failure at victim MUEs.
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Figure 5: Macro UE SINR distribution in Urban deployment
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Figure 6: Macro UE SINR distribution in Suburban deployment






































































































