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1. Introduction
In this contribution we provide some simulation results for quantifying the impact of downlink interference from macro-eNBs (MeNB) to home users. Co-channel shared carrier HeNB deployment within a macro-eNB network in the not-so-large cell size case (eg. Case 1 and Case 3 of TR 36.814) are subject to significant interference from the macro-eNB downlink that results both in degradation of common control channel transmission reliability and in downlink throughput degdaration. In this contribution, we study the long-term signal to noise ratio (C/I) and the performance of master information block (MIB) transmission over PBCH and of system information block Type 1 (SIB-1).
2. Long-term C/I Distribution
Both Case 1 and Case 3 [5] were simulated. Suburban homes were dropped uniformly on a regular 57-cell macro-cell grid as per the assumptions in [1]. Co-channel shared carrier deployment of HeNB with macro-eNBs was assumed. Further simulation assumptions are described in the Annex. 
Figure 1 shows the long-term C/I cumulative distribution function for indoor home-UEs for Case 1 for the case when they are connected to their respective HeNBs and when they are connected to the strongest eNB (either a HeNB or a macro-eNB based on RSRP and a 0 dB handover threshold). When the UE is connected to a HeNB, power back-off or muting from the MeNB helps in improving the C/I and the case for which MeNBs mute is shown. A wall penetration loss of 10 dB is assumed. Figure 2 shows the C/I distribution function for a similar set up but with a 20 dB wall penetration loss. The C/I when the macro-eNB is deboosting its transmit power by 6 dB and by 12 dB and when the macro-eNB is completely muting its transmission is also shown in these plots. Figure 3 shows the C/I distribution for Case 3 with a 10 dB wall penetration loss.
Some observations are below.

· RAN4 measurement accuracy requirements associated with cell detection and RSRP/RSRQ reporting are specified for C/I above -6 dB which means that a Rel-8 UE is not guaranteed to detect a target cell reliably below that geometry. . Since it was assumed in the simulations that each HUE is associated with a distinct HeNB (one-to-one mapping), this means that about 17% of HeNBs cannot support either inbound mobility or schedule users in the absence of some sort of interference mitigation from the neighboring macro-eNB when 10 dB wall penetration loss is assumed. This fraction reduces to 3% for 20 dB penetration loss. These results are all home users dropped indoors which seldom is the case. With insufficient protection from outdoor walls to the HeNB signal, a significant portion of home UEs may end up associating with the closest macro-eNB instead of the resident HeNB.
· Depending on the penetration loss assumed, 8% to 35% of indoor users have a long-term C/I less than 0 dB. And 45% to 70% indoor users have a C/I less than 10 dB. This means that the control channel transmission in a significant fraction of HeNBs would need high code protection and  some of the higher MCS levels are not schedulable in such HeNBs. 
· Power de-boosting by the macro-eNBs on some RBs (eg. center 6 PRBs for shared channel deployments) or a few symbols of a few RBs can significantly improve the performance of some downlink channels of HeNBs. A 6 dB power de-boost by the macro-eNBs brings down the SCH/CRS outage to the range 2% to 9% and a 12 dB power de-boost brings it down to under 1%. Power de-boost in the macro-eNBs can be applied as a combination of transmit power de-rating (i.e., macro-eNBs transmit below their maximum allowed transmission power) and RE-level power de-boosting. 
· The power back off need not be system wide for the macro-eNBs. It can be selectively applied to specific REs that can overlap with the PDCCH/PBCH/SCH transmissions from HeNBs [4]. For example, the center 6 PRBs can be allocated only to Rel-8 UEs that are close to the MeNB so that the required transmit power is low. For Rel-9 UEs, PDSCH allocations with selective muting or power reduction done on specific subcarriers of specific symbols of the subframe can be enabled with additional signaling (eg. by signaling the power ratio of the de-rated REs on a symbol and subframe specific basis to each UE that is allocated in the center 6 PRBs). The macro-eNB downlink degradation due to this needs to be evaluated, but, the degradation is expected to be small as the number of REs impacted is small (both for Rel-8 and Rel-9 UEs).
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Figure 1. Case 1, 10 dB wall penetration loss
[image: image2.jpg]prob(CA < abseissa)

03

08

07

08

0s

04

03

= HeNB serving, MeNB 6 B deboosted

HeNB serving, MeNB transitting

HeNE serving, MeNB 12 dB deboosted
HeNB serving, MeNB muted
strongest eNB serving

20 a0 40 S0 B0 70 80
long-term C/1 (48)




Figure 2. Case 1, 20 dB wall penetration loss
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Figure 3. Case 3, 10 dB wall penetration loss 
For the previous plots, the downlink power for HeNBs were set based on the principle of creating a 60 dB coverage region around each HeNB. Assuming that a nearby macro-eNB is the dominant interferer, this means that the maximum power is a function of the pathloss of the HeNB location from the neighboring macro-eNB [2][3]. Figure 4 and Figure 5 show the impact of the method used for setting the maximum downlink power in HeNBs. Figure 4 shows C/I distribution for home-UEs for Case 3 when different exclusion radii are used for dropping the HeNBs. In particular, exclusion radii of 35 m, 200 m and 400 m were considered and the C/I only marginally changes with increasing exclusion zone size. Clearly, creating an exclusion zone for the HeNB drops does not improve C/I or the probability that the indoor UEs get associated with a HeNB. Figure 5 shows the distribution for the case when maximum transmit power across HeNBs is flat and is set to 15 dBm. There is an improvement in mean C/I of about 3 dB and 4.5 dB for 200 m and 400 m exclusion radii respectively. However, there is only a marginal improvement in the SCH/CRS outage probability. So, whether or not an exclusion zone helps the C/I depends on the algorithm used for setting the HeNB downlink power.
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Figure 4. Case 3 with different HeNB exclusion zone radius with PL-based power cap 
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Figure 5. Case 3 with different HeNB exclusion zone radius with a flat power cap of 15 dBm for all HeNBs
3. MIB and SIB-1 Decoding and Support of In-bound Mobility

The ability to read MIB and SIB-1 are critical for enabling in-bound mobility of Rel-9 UEs to HeNBs. The liaison statement [6] requests a response from RAN4 on specific questions such as the number of repetitions of MIB/SIB-1 necessary for UEs within the mobility region of HeNBs. In this section, we present some simulation results. Two types of UE drops were considered. In the first type, UEs were dropped within the handover (HO) region of HeNBs. In the second type, only home-UEs were considered with 10% of the HUEs dropped just outside the house unit (see Section 4.1 of [1] for details). Fading was assumed.
Table 1 shows the percentage of users that cannot correctly decode MIB for different number of transmissions under different scenarios. There was no power boosting of QPSK REs.

	Scenario
	Percentage of users that cannot decode MIB after different number of transmissions

	
	# transmissions = 1
	# transmissions = 2
	# transmissions = 3
	# transmissions = 4

	Case 1, 10 dB wall loss,
PL-based DL power,
UEs in the HO region of HeNBs
	6.05%
	2.67%
	0.7%
	0.5%

	Case 1, 20 dB wall loss,
PL-based DL power,

UEs in the HO region of HeNBs
	1.38%
	0.28%
	0%
	0%

	Case 1, 10 dB wall loss,

PL-based DL power, 6 dB power de-boosting from macro-eNBs,

UEs in the HO region of HeNBs
	0.84%
	0.28%
	0.2%
	0.1%

	Case 1, 10 dB wall loss,

PL-based DL power,

HUEs only with 10% UEs outdoors
	14.74%
	10.04%
	7.91%
	6.84%

	Case 1, 20 dB wall loss,

PL-based DL power,

HUEs only with 10% UEs outdoors
	10.7%
	9.5%
	9.3%
	9.0%

	Case 1, 10 dB wall loss,

PL-based DL power, 6 dB power de-boosting from macro-eNBs,

HUEs only with 10% UEs outdoors
	7.60%
	5.01%
	4.28%
	3.55%


Table 1. Percentage of users that cannot decode MIB for different number of transmissions
Table 2 shows the percentage of users that cannot decode SIB-1 and the block error rate for those users that can decode SIB-1. DCI 1C with an aggregation level of 8 CCEs and a PDSCH code rate of 1/24 for SIB-1 payload was assumed. There was no power boosting of QPSK REs.
	Scenario
	Percentage of users that cannot decode SIB
	Average BLER for users that can decode SIB

	Case 1, 10 dB wall loss,

PL-based DL power,

UEs in the HO region of HeNBs
	7.17%
	0.0428

	Case 1, 20 dB wall loss,

PL-based DL power,

UEs in the HO region of HeNBs
	1.24%
	0.006

	Case 1, 10 dB wall loss,

PL-based DL power, 6 dB power de-boosting from macro-eNBs,

UEs in the HO region of HeNBs
	0.84%
	0.0164

	Case 1, 10 dB wall loss,

PL-based DL power,

HUEs only with 10% UEs outdoors
	16.03%
	0.047

	Case 1, 20 dB wall loss,

PL-based DL power,

HUEs only with 10% UEs outdoors
	10.6%
	0.016

	Case 1, 10 dB wall loss,

PL-based DL power, 6 dB power de-boosting from macro-eNBs,

HUEs only with 10% UEs outdoors
	7.9%
	0.029


Table 2. Percentage of users that cannot decode SIB and the average BLER for users that can
Some observations are below.

· The percentage of users that cannot decode MIB after four transmissions is about 1% or smaller for all scenarios when the users are indoors and when UEs are within the handover region of HeNBs. However, when the population of all HUEs are considered with 10% of HUEs dropped outdoors, 4% to 7% of UEs cannot decode MIB correctly even after four transmissions. Since it was assumed in the simulations that each HUE is associated with a distinct HeNB (one-to-one mapping), a significant fraction of HeNBs cannot support a reliable DL connection when a fraction of the UEs are outdoors and do not benefit from the wall loss protection that indoor UEs have.
· There can be a significant fraction of HeNBs for which in-bound mobility candidates cannot read SIB-1 from (1.2% to 7.2% depending on the wall loss). We note that a 6 dB power de-boosting from macro-cells on some RBs/REs can reduce the outage to under 1% even for a 10 dB wall loss. For the case where 10% of HUEs are dropped outdoors such that they are exposed to macro-eNB interference, at least 8% of the HeNBs cannot reliably broadcast SIB-1. In the latter case, there is a substantial benefit in de-boosting macro-eNB transmissions. 
4. Discussion and Conclusion
Some points that can be inferred are as follows.

1. There is an SCH/CRS outage of 9-17% if interference mitigation methods like macro-eNB power de-rating or muting are not used.

2. Creating a larger exclusion zone (i.e., not allowing HeNBs to be deployed within a certain radius of a macro-eNB) helps the average C/I significantly in some situations, but, does not help reduce the outage probability. The reason for this is that the downlink in both Case 1 and Case 3 is interference limited (due to a strong signal from the macro-eNBs) and is not sensitivity limited.

3. Improving the performance of common control channels such as SCH/MIB/PBCH [4] seems necessary to enable robust operation of HeNB deployments and to ensure that the probability of indoor UE association with HeNBs is high whenever there is a HeNB available.
4. Reducing interference to PDSCH (for example through resource sharing/coordinated scheduling or resource partitioning/macro-eNB power de-boosting) seems necessary to eliminate outage of SIB transmissions and to improve the average throughput on the HeNB downlink.
It is proposed that RAN4 consider the observations in this contribution and allow for control channel interference mitigation mechanisms in HeNB deployments.
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6. Annex
A 57 cell marco-eNB grid was setup. The HeNB parameters as per Table 1 (from [1]) were used.
	Parameter
	Assumption

	HeNB Frequency Channel
	Either same frequency and same bandwidth as macro layer, or adjacent channel and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm

	HeNB antenna gain
	0 dBi

	Exterior wall penetration loss
	10 dB or 20 dB

	Log-normal shadowing standard deviation
	4 dB

	Shadowing auto-correlation 
	Not implemented

	Min/Max Tx power HeNB
	0/20 dBm

	DL transmit power control method
	Fixed power level or power level set based on path-loss  ([2][3]) to create a 60 dB coverage for HeNBs


Table 1. HeNB system assumptions

The suburban HeNB drop model and home layout (Fig. 1 of [1]) were used. In each drop, 10 HeNBs were uniformly dropped in each sector. One HUE was randomly dropped within each home. A fraction X (= 0% or 10%) of the home-UEs were assumed to be outdoors. Pathloss models used were according to Table 2 (Table 2 of [1]). ETU 3 kmph channel was used for fading simulations.
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =128.1 + 37.6log10R, R in km

             = 15.3 + 37.6log10R, R in m

	
	(2) UE is inside a house
	PL (dB) =15.3 + 37.6log10R + Low, R in m

	UE to HeNB
	(3) UE is inside the same house as HeNB
	PL (dB) = 38.46 + 20 log10R, R in m 

	
	(4) UE is outside
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + Low, R in m

	
	(5) UE is inside a different house
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 2Low , R in m


R is the Tx-Rx separation

Low is the penetration loss of an outdoor wall referred to as the wall penetration loss (WPL), which is 10dB or 20dB.

Table 2. Path loss models for suburban deployment
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