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1 Introduction
In this contribution we evaluate interference conditions in a macro network when HeNBs and deployed. We focus on the throughput performance when closed HeNBs are deployed and mobility performance in case of open HeNBs.

2 Modelling
We simulate both “5x5” and “dual-strip” models described in [1], including modelling of short term fading. We focus on the system throughput analysis in case of closed subscriber group (CSG) HeNBs and consider mobility aspects for open HeNBs.

For the purpose of the system throughput evaluation, HeNBs are assumed to be closed and hence, the macro UEs cannot be associated with the HeNBs. Fixed percentage (35% or 80%) of the UEs are assumed inside the apartment building (also referred to as HeNB cluster). In order to limit the system outage, we simulate a variant of a smart autonomous power control algorithm based on measurements at HeNBs (See Section 7.2.3.2 in [2]). This method could be considered a baseline Rel 8/9 interference management technique.  The goal is to minimize the interference to the macro network and yet ensure HeNB coverage (we assume C/I=-3 dB) according to a specific targeted path loss value. The maximum transmit power of HeNB is limited to 20 dBm.

In addition to studying the impact on closed HeNBs, we also consider the impact of open HeNBs to macro UEs. For that purpose we consider mobility simulations, where macro UEs are moving along the street adjacent to the apartment building. The street is located 10 m away from the outer wall of the apartment building. In this simulation, we only consider “5x5” model.  
. 
3 Closed HeNB Results

In the system simulation, we take into account the impact on received SNIR on the radio link monitoring (RLM) procedure for the macro UEs as described in [3]. We illustrate that the time domain resource partitioning as described in [4]

 REF _Ref264846196 \r \h 
[5]

 REF _Ref264846198 \r \h 
[6] can significantly reduce outage, or radio link failure (RLF) events, utilizing new Rel 10 UE receiver capability [7] to operate in low SNIR. 

We assume a macro UE can remain in connected mode only if its long-term signal-to-noise-plus-interference ratio to its strongest macro is above a certain threshold determined by [3]. UE implementing advanced receiver [7] may be able to operate at a lower SNIR. In our simulations, three different SNIR thresholds have been considered. If a threshold is not explicitly mentioned, the default value of -8dB is implicitly assumed. The other two values (-18 dB and -28 dB) that illustrate sensitivity analysis for the corresponding SNIR value are also considered.
The deployment modelling closely follows [1], with the following differences with respect to the baseline evaluation methodology:

· EGoS scheduler, rather than proportional fairness (PF). Note that we do expect any difference neither in the outage probability, nor in the relative gains and losses shown in the figures below.

· 10 degrees vertical antenna tilt, rather than 15 degrees. 

One cluster is randomly dropped in each macro cell, and each cluster is a single-story building (or two nearby single-story buildings, in the dual-strip scenario). HeNB penetration factor multiplied by activity factor is equal to 0.2 in all simulations, namely for each apartment, a biased coin toss is used to decide whether to (randomly) place an active HeNB inside that apartment. In addition to the indoor macro UEs, one indoor HeNB UE is placed inside all apartments that deploy a HeNB. HeNB UEs’ association is based upon maximum RSRP, that is, HeNB UEs are allowed to associate either to any macro eNBs, or to the HeNB within the same apartment.

When resource partitioning is enabled, we only consider very simplistic and rather un-optimized scheme where all the available resources can be used by macro eNBs, while HeNBs may only use half of the resources, and vacate the other half. 

3.1 Dual Strip Model 
The simulations results for the dual-strip model are shown in Figure 1-Figure 4 below. A rather aggressive power control at HeNB is utilized, targeting HeNB edge coverage for a path loss of  60 dB. This scheme is shown to have a potential to reduce macro UE outage. However, large number of UEs remain in outage and resource partitioning schemes exploiting advanced UE receiver capability show a potential to virtually eliminate outage. Interference from neighbouring eNBs towards UEs served by HeNBs seemed relatively mild in this model and HeNB activity factor of 20%.
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Figure 1: Macro UE throughput; dual-strip model with 35% of macro UEs inside HeNB cluster (apartment building).
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Figure 2: HeNB UE throughput; dual-strip model with 35% of macro UEs inside HeNB cluster (apartment building).
[image: image3.emf]0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Throughput [Mbps]

CDF

 

 

no HeNBs

HeNBs, no PC

HeNBs, PC w/ PL=60dB

HeNBs, PC w/ PL=60dB, res. part., min SNIR=-28dB

HeNBs, PC w/ PL=60dB, res. part., min SNIR=-18dB

HeNBs, PC w/ PL=60dB, res. part., min SNIR=-8dB


Figure 3: Macro UE throughput; dual-strip model with 80% of macro UEs inside HeNB cluster (apartment building).
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Figure 4: HeNB UE throughput; dual-strip model with 80% of macro UEs inside HeNB cluster (apartment building).
3.2 5x5 model

The simulations results for the 5x5 model are shown in Figure 5-Figure 8 below. The same power control algorithm as in case of the dual strip model is employed. The algorithm is a bit less effective, but it still provides significant reduction is macro UE outage. Similarly, as in case of the dual strip model, employing resource partitioning and advanced UE receiver has a potential to significant reduce and virtually eliminate macro UE outage. Unlike for the dual strip model, interference from neighbouring HeNBs towards UEs served by the HeNBs appears relatively strong in this model and HeNB activity factor of 20%, and further resource partitioning among HeNBs may be needed.
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Figure 5: Macro UE throughput; 5x5 models with 35% of macro UEs inside HeNB cluster (apartment building).
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Figure 6: HeNB UE throughput; 5x5 model with 35% of macro UEs inside HeNB cluster (apartment building).
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Figure 7: Macro UE throughput; 5x5 models with 80% of macro UEs inside HeNB cluster (apartment building).
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Figure 8: HeNB UE throughput; 5x5 models with 80% of macro UEs inside HeNB cluster (apartment building).
4 Open HeNB Results for Mobility

In case of open HeNB deployments, interference from HeNB does not directly create RLF. However, as we illustrate below, unplanned deployment of small cells can lead to areas of high interference (due to lack of network planning, the signal from many cells is received with similar strengths) and in mobility, increased frequency of handover events can lead to increased probability of RLF.
In this contribution, we focus on the cell edge and place a femto cluster in a square of 150 m by 150 m (red dotted lines) on the edge of three cells (1,2,3) shown in Figure 9. A vertical street (green) is dropped randomly such that the center of the street is placed uniformly at random in the 150 m by 150 m square. The street is 10 m from a femto cluster of 5 x 5 apartments (each of size 10 m by 10 m)  which is populated with HeNB with a penetration probability of 20%. 
We consider a vehicle moving at 36 km/h and 72 km/h along the street. Handover is performed on the basis of filtered RSRP (over 200 ms)  with 3dB hysteresis. The modelling of the handover is rather optimistic. Handovers occur instantly, there is not handover delay,  if the filtered RSRP of a non-serving cell is 3 dB higher than the filtered RSRP of a serving cell, handover occurs instantaneously.  Measurement errors are not modelled as well.
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Figure 9: Illustration of HeNB cluster drop area.

The filtered RSRP for a sample drop when the vehicle moves at 36 km/h is shown in Figure 10. We can see that the strongest cell varies quickly with time. There are many instances when the strongest serving cell switches between a HeNBs. Thus, we expect to get more handovers when HeNBs are deployed compared to the case when only macrocells are deployed. 
In Table 1and Table 2, we show expected average outage probability [3] and the average handover rate for two cases: (i) open access home HeNBs are deployed as described above, and (ii) only macro cells are deployed. We see that both the handover rate and the probability of outage increases significantly when open access HeNBs are deployed. Naturally, resource partitioning schemes and advanced UE receiver, considered to address the closed HeNBs, can be applied for open HeNBs as well and are expected to result in reduction of RLF occurrences. [image: image10.emf]0 1000 2000 3000 4000 5000 6000 7000

-110

-100

-90

-80

-70

-60

-50

-40

Filtered RSRP Power (dBm)

time (ms)

 

 

eNB

eNB

eNB

HeNB 1

HeNB 2

HeNB 3

HeNB 4

HeNB 5


Figure 10: Illustration of filtered RSRP for a UE moving at speed of 36 km/h.
Table 1: Average handover rate and probability of service outage (UE speed 36 km/h)

	
	Deployment

	
	Macro only
	Macro +HeNB cluster

	Handover rate  
	41.4 per minute
	55.0 per minute

	Outage according to [3]
	3%
	6%


Table 2: Average handover rate and probability of service outage (UE speed 72 km/h)

	
	Deployment

	
	Macro only
	Macro +HeNB cluster

	Handover rate
	67.6 per minute
	94.8 per minute

	Outage according to [3]
	4%
	10%


5 Conclusions 
We have illustrated that the outage of macro UEs can be virtually eliminated if resources are partitioned in time between HeNBs and macro network and  UE employs advanced receiver as discussed in [5]

 REF _Ref264846198 \r \h 
[6]

 REF _Ref264852990 \r \h 
[7].
Opening access to HeNB can have negative impact on mobility. In such a scenario, resource partitioning techniques and advanced UE receiver capability are expected to reduce occurrence of RLF.
Proposal: Adopt time domain resource partitioning in Rel 10. 
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