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1. Introduction

In this contribution we address LTE downlink control channel (CCH) performance for heterogeneous networks (HetNet). Our focus is on cases with deployment of macro cells and closed subscriber group (CSG) Home eNBs (HeNBs) in urban deployment of different densities. Our objective is to raise awareness of downlink CCH performance for such cases as good CCH performance is pre-condition for both good uplink and downlink data channel performance. We relate to previous contribution with similar results for sub-urban scenario in [1] and extend the work with dense urban deployment and different frequency configurations. 

The rest of the contribution is organized as follows: In Section 2 we outline the considered downlink interference scenario and motivate why macro cell UEs close to CSG HeNB could have CCH problems. The simulation methodology and assumptions are described in Section 3, while the performance results follow in Section 4. Finally, discussion and concluding remarks are given in Section 5.  
2. Interference scenario
Figure 1 pictures a typical downlink (DL) interference with co-channel deployment of macro cells and CSG HeNBs. For this particular example, the macro cell serves a UE at its cell-edge. That particular UE is close to HeNB #2, but prohibited from connecting as it is not part of CSG. In worst case, the macro cell-edge UE therefore experience substantial interference, which degrades its performance. For this scenario, the macro cell-edge UE is therefore often called the victim, while HeNB #2 is the aggressor. A mechanism for partly solving such problems via HeNB power control is considered for LTE Rel-9; as an example see [2]. 
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Figure 1 Simple illustration of downlink interference scenario with co-channel deployment.
The co-channel deployment is the baseline frequency allocation scenario and will – in many cases – be also practically deployed. It has been shown for the data channel that in dense deployments frequency configurations with scheduling restrictions for HeNB provide gain in terms of macro user outage reduction over what can be achieved in co-channel deployments. If frequency bands allocated to macro and femto nodes have separate control channels (like LTE-A component carriers) the benefits may also be expected for the data channels. For the macro cell users to be able to establish communication everywhere, they need to have reliable downlink CCH reception. The set of CCHs include; primary synchronization channel (PSS), secondary synchronization channel (SCC), primary broadcast channel (PBCH), dynamic broadcast channel (DBCH), physical hybrid ARQ indicator channel (PHICH), physical control format indicator channel (PCFICH), and physical dedicated control channel (PDCCH). In this contribution we focus on the performance of; PBC, DBCH, PHICH, FCFICH, and PDCCH. In particular, we investigate what the probability is for a macro-cell UEs to have BLER>1% for those CCHs (i.e. corresponding to unacceptable CCH performance).
3. Simulation assumptions
3.1. Deployment Model
In the following we briefly summarize the main assumptions for our simulations. Our simulations are based on a HetNet assumptions listed in [3] and [4] and are focusing on the 3GPP Macro Case #1. Femto cells are configured as closed subscriber groups (CSG) and are dropped according to the rules described in above mentioned document over multiple floors of apartment building. It is assumed that all HeNBs are active if deployed (baseline parameters: activity factor 1.0, deployment ratio 0.2).
The objective of the current study is to check the performance of macro cell control channels received by a UE located close to a CSG femto that is not a valid target for handovers. Only statistics from UEs connected to the macro eNB are taken for evaluations with all CSG HeNB treated as interferers.
Other simulation parameters (channel models, Tx/Rx parameters…) are set according to guidance in 3GPP TR 36.814 with snapshot-based simulation routine. 
3.2. System Model
All simulations are for the full buffer traffic model. A 2x2 antenna configuration is assumed for all links. A simple equal resource sharing packet scheduling algorithm is assumed. Thus, if there is only a single UE connected to a low power eNB, this particular UE is scheduled over the full bandwidth. For cells with Q UEs, each UE is on average scheduled on 1/Qth of the bandwidth. 
A system bandwidth of 10 MHz is assumed with the following settings in coherence with the assumptions also used in R1-101924:
· Plain co-channel deployment: Both macro eNBs and HeNBs use the same 10 MHz carrier

· Escape carrier configuration: Macro use 2x5MHz (without CA), while all HeNBs use the same 5 MHz carrier. Hence, there is always one escape carrier free of co-channel HeNB interference for macro-UEs.

· Dynamic case: Same configuration as above, but each HeNB freely select one of the two configured 5 MHz carriers.

We consider a case where HeNBs are transmitting with 20 dBm power, and a case where HeNB PC is enabled according to the proposed scheme for LTE Rel-9 in [2].
Performance for following channels has been simulated:

· PBCH

· Dynamic BCH

· PCFICH

· PHICH

· PDCCH (DCI format 1A, aggregation level 8)

Dependence between SINR and BLER of control channels is repeated after [1] and based on results presented in [5],[6] and on internal studies. For proper network functionality it is assumed that a BLER<1% for control channels is needed. In Table 1 the approximation of minimum SINR for different control channels is listed
Table 1 SINR thresholds for 1% BLER on different CCH

	
	PBCH
	Dynamic BCH
	PCFICH
	PHICH
	PDCCH

	Required SINR for CCH @ 1% BLER
	-8.5 dB
	-5dB
	-7dB
	-3.2 dB
	-3.8 dB


In the case of PDCCH power boosting is possible and improves the PDCCH performance by approximately 3dB.

An important issue is that for achieving low error rates in bad radio conditions strong coding protection is needed, meaning that we have assumed aggregation level 8 for PDCCH.. One of the effects seen by applying power boosting of the PDCCH is that the CCE resources will be taken for the boosting, thereby lowering the overall PDCCH capacity. This effect has not been considered in this study. Correspondingly, we have not considered power boosting of the PCFICH and PHICH, and the derived effects of this has not been analyzed either. In general, we have only considered the SINR requirements, and have not investigated the capacity of the various channels (like PDCCH and PHICH).
As performance metric the probability of coverage holes has been evaluated for both the whole cell area and selected ‘worst case’ regions. As the probability of coverage hole we define the part of the area in which the relevant BLER is higher than 1%. The definition for a coverage hole has been set to 1% for all channels, even that the design criterion for the PCFICH was originally 0.1%. Setting the coverage hole definition for this channel according to the design criterion would put even more users into coverage problems.
4. Performance results
The analysis was performed according to the deployment rules from Section 2 and system model from Section 3. The simulation results collected from all statistical drops were used as basis for the CCH performance evaluation.
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Fig. 1 Macro user SINR distribution. 
With radio conditions as shown above it is visible that there are areas where the error rate for several control channels rises over 1%. The percentages of the area with coverage holes are listed in the Table 2.
Table 2 Coverage hole probability for different control channels for baseline density.

	
	PHICH 
(-3.2 dB)
	PDCCH 
(-3.8 dB)
	DBCH 
(-5 dB)
	PCFICH 
(-7dB)
	PBCH 
(-8.5 dB)

	
	no PC
	PC
	no PC
	PC
	no PC
	PC
	no PC
	PC
	no PC
	PC

	co-channel
	23.9%
	9.0%
	22.4%
	8.0%
	20.0%
	6.6%
	16.9%
	5.0%
	14.8%
	4.2%

	escape carrier
	1.2%
	0.7%
	0.6%
	0.3%
	0.1%
	0.0%
	0.1%
	0.0%
	0.1%
	0.0%

	dynamic carrier selection
	3.7%
	1.2%
	2.9%
	0.7%
	2.0%
	0.2%
	1.3%
	0.1%
	0.9%
	0.1%


The two control channels with worse performance are PHICH and PDCCH. In the case of the latter we can use so called “power boosting” (reducing power on some CCEs to allow for increased transmit power on other CCEs) but at the cost of reduced capacity for the control channel area. 
5. Discussion and Concluding remarks
In this contribution we have presented a set of CCH performance results for urban HetNet scenario. Our results indicate that macro cell UEs have general downlink CCH reception problems if being located close to a CSG HeNB without having HeNB PC enabled. The problem is significantly reduced if HeNB PC is enabled. Thus, HeNB PC can also help improved the macro-UE control channel performance, and is therefore recommended to be considered for standardization in LTE Rel-10.
In addition to the use of HeNB PC, it is possible to also use the so-called escape carrier deployment option, which offers additional protection for the Macro-UEs that are close to an active HeNB. 
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