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1. Introduction

In our companion contribution [1], we proposed Macro-Pico scenario with range expansion must be included in the standardization work for DL control channels (CCHs) in Macro-Femto scenario with Macro-Pico scenario as lower priority.
In this contribution, we evaluate lightly loaded CCH transmission, which is one of the time-domain eICIC solutions in Macro-Femto scenario [2][3], and show it is preferable in Macro-Pico deployment with range expansion.

2. Lightly Loaded Control Channel Transmission
Dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto in Macro-Femto deployment [4] and when range expansion is applied in Macro-Pico deployment [5]. One key difference of the two is that level of the dominant interference can be controlled by the bias setting of range expansion in Macro-Pico deployment, i.e. no problem for DL CCHs when any range expansion schemes are not applied [6].
As we showed in our companion contribution [1], we believe at least moderate bias setting (6-9dB) for range expansion is an effective strategy for Macro-Pico deployment. Such bias setting requires moderate interference mitigation basically for PDCCH (and also PCFICH / PHICH).

· Note that when moderate bias setting is applied, power boosting could be one possible and sufficient solution for PCFICH and PHICH because they do not use many resources. In addition, extended PHICH duration can resolve PCFICH interference issue at the expense of always budgeting for maximum DL CCH region [7].
· Large bias setting causes significant issues in PCFICH [8]. 
· On the other hand, the transmit signal quality of PDCCH is maintained only for the resource element power control dynamic range from -6dB to 4dB [9] and also power boosted PDCCH with aggregation level 8 consumes significant amount of resources. From those points, we focus on PDCCH interference mitigation in Macro-Pico deployment.

As we show in Fig. 1 and shown in other contributions as well [10]-[13], one of the solutions for PDCCH interference mitigation is restricting the usage ratio of CCH region. This creates lightly loaded / sparse CCH region and can mitigate the interference for PDCCH (and also PCFICH / PHICH) of neighbour cells. 
· We can see MBSFN subframe also creates lightly loaded / sparse CCH region when neighbour cells use larger CCH region to transmit PDCCHs [14].

· Power de-boosted PDCCH with higher aggregation level can also create lightly loaded CCH region.
· The severest restriction creates almost brank subframe.
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Fig. 1   Restriction of usage ratio in control channel region
3. Simulation
The simulation assumptions and parameters are similar to [1]. We assume ideal CCH reception and just evaluate long-term average W-SINR of PDCCH to see whether each scenario can meet PDCCH performance requirement. We applied the restriction only to Macro cells in configurations #4a with 2 PeNBs and #4b with 4 PeNBs and evaluated the restrictions of CCH region usage ratio: 1.0 (this means it is unrestricted) / 0.71 / 0.41 / 0.27 and no restriction (this means it can be beyond 1.0). Since we assume 4 PHICH groups are reserved and 40% of available CCEs for PDCCH are always used for UL, the numbers of available CCEs for DL corresponding to each restriction are 26 / 16 / 8 / 4, respectively. First, we apply the restriction to all subframes and then evaluate the effect of time domain coordination.
For configuration #4a / #4b with 2 / 4 PeNBs and 6 / 9 dB biased range expansion, the CDF of the long term average W-SINR of PDCCH (its calculation model and assumption are presented in Annex) and throughput performance are shown in Fig. 2 and 3, respectively. These results show the following:
· In the case of range expansion with 6dB bias, the weak restriction of the CCH region usage ratio (0.71-1.00) with PDCCH power boosting can resolve the PDCCH interference issue (the outage probability due to the W-SINR being lower than -6.3dB is about 1%).

· Moderate restriction (0.41) can make the outage probability almost zero, relax the requirement for PDCCH power boosting, and maintain PDCCH capacity in Pico cells at the cost of small loss of user throughputs due to less co-scheduled users.

· In the case of 9dB bias, the moderate restriction of the CCH region usage ratio (0.41) is necessary to resolve the PDCCH interference issue (the outage probability is about 2%).

· Although the moderate restriction causes small loss of user throughputs, 9dB bias can provide slightly larger performance gain compared to 6dB bias especially in configuration #4b with 4 PeNBs. It would be more significant in UL [1].
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(a) Long-term average W-SINR of PDCCH         (b) 5% worst user / median user / Macro cell area 
throughputs
Fig. 2   Performance results in configuration #4a with 2 PeNBs per Macro geographical area
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(a) Long-term average W-SINR of PDCCH         (b) 5% worst user / median user / Macro cell area 
throughputs
Fig. 3   Performance results in configuration #4b with 4 PeNBs per Macro geographical area
From the above analyses, we observe as follows:

· Coordination of the restriction level of the CCH region usage ratio is effective to enhance the throughput performance in Macro-Pico deployment with range expansion.

Next, we evaluate the effect of time domain coordination. Restricted-to-unrestricted subframe ratios in Macro cells are 10:0 / 8:2 / 6:4. The restrictions of the CCH region usage ratio are 0.41 / 0.71 for 6 / 9 dB biased range expansion, respectively. The CCH region usage ratio of Pico cells is unrestricted in all subframes. Pico cell edge UEs, whose geometries are lower than -6.3dB, are assigned only to the subframes in which the CCH region usage ratio of Macro cells is restricted. The CDF of the long term average W-SINR of PDCCH and throughput performance are shown in Fig. 4. These results show the following:
· In lightly loaded CCH transmission, time domain coordination can slightly improve Macro user throughput performance in Macro-Pico deployment with range expansion. On the other hand, it deteriorates especially Pico cell edge user performance due to decrease of scheduling occasion in good channel condition.
· Scheduler optimization for time domain coordination may provide better performance.
[image: image6.emf]0.0

0.1

0.2

0.3

0.4

0.5

-15 -10 -5 0 5

Average W-SINR of PDCCH [dB]

CDF

10 : 0

8 : 2

6 : 4

系列1系列3系列5

               6dB bias

               9dB bias

   [image: image7.emf]0

500

1000

1500

2000

2500

10 : 0

8 : 2

6 : 4

10 : 0

631  1824  605  1887 

8 : 2

623  1828  576  1879 

6 : 4

606  1823  538  1869 

5% worst [kbps]

(6dB bias)

Median [kbps]

(6dB bias)

5% worst [kbps]

(9dB bias)

Median [kbps]

(9dB bias)

0.0

20.0

40.0

60.0

80.0

100.0

10 : 0

74.4  75.2 

8 : 2

74.4  75.2 

6 : 4

74.4  75.2 

Macro cell area [Mbps]

(6dB bias)

Macro cell area [Mbps]

(9dB bias)


(a) Long-term average W-SINR of PDCCH         (b) 5% worst user / median user / Macro cell area 
throughputs
[image: image8.emf]0

500

1000

1500

2000

2500

10 : 0

8 : 2

6 : 4

10 : 0

607  1526  631  1683 

8 : 2

607  1525  627  1695 

6 : 4

605  1525  629  1707 

5% worst [kbps]

(6dB bias)

Median [kbps]

(6dB bias)

5% worst [kbps]

(9dB bias)

Median [kbps]

(9dB bias)

      [image: image9.emf]0

500

1000

1500

2000

2500

10 : 0

8 : 2

6 : 4

10 : 0

673  2185  579  2072 

8 : 2

643  2178  534  2042 

6 : 4

607  2182  473  2019 

5% worst [kbps]

(6dB bias)

Median [kbps]

(6dB bias)

5% worst [kbps]

(9dB bias)

Median [kbps]

(9dB bias)


(c) 5% worst / median user throughputs of Macro        (d) 5% worst / median user throughputs of Pico
Fig. 4   Performance results in configuration #4b with 4 PeNBs per Macro geographical area
with time domain coordination
4. Discussion on other features
In Macro-Pico deployment, we think large-biased range expansion is not essential but can provide further performance gain in particular scenarios [1]. If significant interference issues, which are RLF procedure and measurements, are resolved in Rel-10 by standardized solution, we could get that performance gain.

· PDSCH resource element muting can be utilized to prevent RLF and provide good accuracy of the measurements [15]. However, it causes performance loss in Macro UEs and that may not be acceptable in Macro-Pico scenario [16]. Therefore, standardized solution such as proposed in [17]-[19] is preferable on these issues.
5. Conclusion
In this contribution, we evaluate lightly loaded CCH transmission in Macro-Pico deployment with range expansion. From the point of view that the level of the dominant interference can be controlled by the bias setting of range expansion, we observe as follows:

· Coordination of the restriction level of the CCH region usage ratio is effective to enhance the throughput performance in Macro-Pico deployment with range expansion.
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Annex: W-SINR calculation model of PDCCH and assumptions
We calculate W-SINR of PDDCH as follows:
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where S is desired PDCCH received power averaged over all RBs, 
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 is wideband interference power of l-th PDCCH symbol and from j-th cell, N is noise power, J is the number of cells, and L is the number of OFDM symbols used for PDCCH transmission in the cell. 
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 is reference signal received power averaged over all RBs, 
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 is ratio of resource elements used for CRS, PCFICH, and PHICH in the 1st OFDM symbol, and 
[image: image16.wmf]j

b

 is PDCCH usage ratio of j-th cell. We also define the CCH region usage ratio of j-th cell 
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PDCCH aggregation level is selected based on geometry. Resource consumption
due to PDCCH power boosting is not taken into account. Blocking due to search space is not considered.
PCFICH and PHICH can borrow power from PHICHs and/or PDCCHs
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