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1. Introduction

In [1], we have proposed one method to separate the load control in PDCCH and PDSCH to mitigate the inter-cell interference in PDCCH and PDSCH separately. We can rely on Rel-8/9 ICIC scheme to mitigate the inter-cell interference for PDSCH and define a Rel-10 eICIC scheme to mitigate the inter-cell interference for PDCCH. When X2 interface exists between macro and LPN, the PDCCH load information can be exchanged among X2 together with PDSCH load information to mitigate the inter-cell interference in both PDCCH and PDSCH. On the other hand when X2 interface doesn’t exist between macro and LPN, the load of PDCCH and PDSCH can be controlled through pure implementation. In this contribution we will give system level simulation results for the proposed method using macro-pico simulation scenario defined in [2]. Similar conclusions could be gotten in macro-fermto scenario as well.
2. Modelling of PDCCH in SLS
It is well known that one Rel-8/9 PDCCH can have aggregation level 1/2/4/8. UE’s aggregation level is mainly decided by its SINR in the control region. In the simulations we will assign UE’s aggregation level by selecting a minimum aggregation level with witch the PDCCH BLER doesn’t exceed 1% in its geometry. And UE will select aggregation level 8 if its geometry is not enough to achieve 1% PDCCH BLER even for aggregation level 8. And during the simulations period, UE’s aggregation level doesn’t change.
We can categorize the load in the control region to be controllable and non-controllable. The inter-cell interference generated in CRS is regard as non-controllable because its power is viewed as unchanged over time. On the other hand, the inter-cell interference generated in PDCCH is regard as controllable because its power setting can change over time. When less CCE is occupied, less inter-cell interference is generated on PDCCH, vice versa. Thus the SINR in PDCCH could be modelled as equation (1):
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                Equation (1)
where 
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 is the average receiving power per subcarrier of PDCCH, 
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 is PDCCH load factor which equals to the percent of CCE being occupied for sector 
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, 
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 is controllable load percentage for sector 
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 is average receiving interference power per subcarrier in the control region from sector 
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, 
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 is noise power. In the simulations we will set 
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 to be 1.
We will calculate the PDCCH SINR according to equation (1) and look into the link level curve to get the corresponding BLER and decides if the PDCCH is in error or not. 3 OFDM symbols are assumed for the control region.
3. System performance without PDCCH load control
The simulation assumptions strictly follow [2] and we use configuration 1 in which 30UEs/cell are uniformly dropped in the simulation area. We consider 2Tx, 2Rx with SFBC transmission and UE uses frequency selective CQI reporting. We consider PDSCH uses reuse-1 in which both macro and LPN will utilize the whole system bandwidth to transmit data to its served UEs. Partially overlapped allocation, in which macro eNBs will only utilize part of the whole system bandwidth, offers another domain of freedom to adapt the overall radio resource to some specific traffic geographic distribution. As shown in many other companies’ contributions such as [4], when being used together with biased cell association, could give potential gain over reuse-1. Because the control channel problems in partially overlapped allocation remain to be the same as reuse-1 scenario, we will focus on reuse-1 scenario in the following analysis to demonstrate the interference mitigation effect through PDCCH load control on the system throughput.
Table 1, Reuse-1 SLS results
	#LPN/macro cell
	LPN bias value(dB)
	Average LPN UE PDCCH BLER
	Average UE Throughput
	%5-ile UE Throughput
	%50-ile UE Throughput
	%90-ile UE Throughput

	0 (macro only)
	
	
	1.04M
	379k
	1.06M
	1.52M

	1
	0
	0.44%
	1.51M
	417.8k
	1.14M
	1.75M

	1
	3
	1.98%
	1.49M
	467.7k
	1.2M
	1.89M

	1
	6
	5.96%
	1.44M
	430k
	1.25M
	1.99M

	1
	9
	19.9%
	1.33M
	215.8k
	1.26M
	2.07M

	1
	16
	48.18%
	1.17M
	4.2k
	1.21M
	2.24M

	2
	0
	0.38%
	2M
	430k
	1.33M
	3.52M

	2
	3
	1.04%
	1.96M
	540.5k
	1.42M
	3.28M

	2
	6
	4.71%
	1.85M
	484k
	1.51M
	2.87M

	2
	9
	11.64%
	1.76M
	237k
	1.54M
	2.59M

	2
	16
	33.4%
	1.47M
	8.2k
	1.37M
	3.14M

	4
	0
	0.39%
	2.73M
	502k
	1.48M
	6.65M

	4
	3
	0.99%
	2.68M
	595k
	1.7M
	6.02M

	4
	6
	3.25%
	2.57M
	619k
	1.85M
	5.09M

	4
	9
	7.8%
	2.45M
	272.6k
	1.95M
	4.37M

	4
	16
	19.09%
	2M
	27k
	1.36M
	4.7M


Note: no overhead is deduced from these numbers
Observation 1: Cell splitting gain is huge. Average UE throughput increases 45.19%, 92.31%, 262.5% compared with macro only for 1LPN/cell, 2LPN/cell and 4LPN/cell with 0dB bias respectively.
Observation 2: Inter-tier load balancing by setting a plus bias value for LPN is obvious in improving 5%-ile and 50%-ile UE throughput. An optimum bias value exists in terms of 5%-ile UE throughput or 50%-ile UE throughput for reuse-1 scenario. In real deployment, this optimum value could vary for different traffic distribution over geographic area.
Observation 3: When bias value set to 9dB, the 50%-ile UE throughput achieves 94.7% of 2LPN/cell and 0dB bias value. Thus biased cell association provides an economical way for the operators to improve the medium UE experience compared with increasing number of LPNs in reuse-1 deployment.
Observation 4: The worst control channel outage happens in 1LPN/cell and large bias value. The control channel outage will be improved for the same bias value with more LPNs/cell because the coverage of LPNs becomes more contiguous.
Observation 5: The control channel outage becomes the cell edge UE throughput bottleneck when bias value is as high as 9dB.
4. System performance with PDCCH load control
In this section we apply PDCCH load control to macro eNBs to mitigate its generated interference to the UEs connected to LPNs. We manually set a maximum PDCCH load factor for all the macro eNBs. However, the network can do a much more intelligent PDCCH setting due to different traffic distribution in the geographic area. When X2 interface exists, this setting can even be dynamically configured according to the instantaneous traffic pattern distribution in the network. For example, only the neighbouring macro eNB which contributed most to the LPN UE’s outage in PDCCH need to control its load in PDCCH.

We apply this algorithm to 1LPN/cell and 9dB bias value as shown in section 4.
Table 2, Reuse-1 SLS results when applying PDCCH load control
	Macro PDCCH maximum load
	#LPN/macro cell
	LPN bias value(dB)
	Average LPN UE PDCCH BLER
	Average UE Throughput
	%5-ile UE Throughput
	%50-ile UE Throughput
	%90-ile UE Throughput

	1.0
	1
	9
	19.9%
	1.33M
	215.8k
	1.26M
	2.07M

	0.25
	1
	9
	4%
	1.26M
	316k
	1.1M
	1.95M


Observation 6: With PDCCH load control, there is 46.4% improvement in the %5-ile UE throughput in reuse-1 scenario. And the PDCCH BLER is also effectively reduced from 19.9% to 4%. 
Besides the effectiveness of the PDCCH load control to mitigate the inter-cell interference in low to medium bias value, there are a couple of merits worth highlighting:

1) There is no air interface modifications, thus it is purely Rel-8/9 backward compatible

2) The standard modification is simple. For example we may only need to define some PDCCH load description in 36.213 and exchanged it over X2.
3) It has the potential to be extended in the time domain, and this gives another freedom in the time domain to control the PDCCH load. Time domain ICIC can be viewed as one special time domain PDCCH load control example. 
5. Conclusion
In this contribution we have given system level simulation results for PDCCH load control [1]. We have shown PDCCH load control is an effective method to mitigate the intercell interference in PDCCH when the bias is low to medium. The PDCCH load control can be extended in the time domain to give another domain of freedom. When X2 interface exists among macro and LPNs, these PDCCH load information can be exchanged in X2 to mitigate the interference on PDCCH. On the other hand when X2 interface doesn’t exist among macro and LPNs, the PDCCH load control can be done in a distributed manner via pure implementation.
Proposal: Define PDCCH load measurement capability in 36.213 for Rel-10. The detailed description of PDCCH load is FFS.
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