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1 Introduction

In CA-based het-net and inter-band deployments with more aggregation carriers, cross-carrier scheduling would be frequently used. Then, solutions should be studied for downlink controlling region on a given CC with the increased number of PDCCH assignments for more aggregation carriers.
As some previous discussion [1-2], reducing PDCCH overhead is a possible way to improve PDCCH capacity.
In this contribution the simulation results corresponding to compact DCI format are presented, and further analysis and proposals will be shown in the following sections. 
2 Discussion
2.1 Simulation results of PDCCH Overhead Reduction
Compact DCI format design was proposed to increase the PDCCH capacity and reduce blocking probability. Based on the DCI format information in Rel-10, reducing resource block assignment and MCS information bits would provide overhead reductions. 
Following are some simulation results of a DCI format with reduced overhead. DCI format 2 is selected as example in situation of 10MHz and FDD mode.
DCI format 2 is 46bits at 10MHz in FDD mode. Figure 1 shows BLER performance of reduction PDCCH overhead with 10bits steps from 46 to 16bits at all possible CCE levels. 
[image: image1.emf]-6 -4 -2 0 2 4 6 8 10

10

-4

10

-3

10

-2

10

-1

10

0

SNR

BLER

SNR vs False Detection Rate of all CCE at 46bit to16bit

 

 

8CCE 46bits

8CCE 36bits

8CCE 26bits

8CCE 16bits

4CCE 46bits

4CCE 36bits

4CCE 26bits

4CCE 16bits

2CCE 46bits

2CCE 36bits

2CCE 26bits

2CCE 16bits

1CCE 46bits

1CCE 36bits

1CCE 26bits

1CCE 16bits


Figure 1: Performance of reduction of PDCCH overhead at all possible CCE levels
From Figure 1, performance gains are listed at Table 1 with 10bits steps at 0.01 BLER. It shows that different gains can be achieved under the consumption of different CCE aggregation level. 
Table 1:  Gains of PDCCH Overhead Reduction
	Aggregation level（CCE）
	Gains from DCI 46 to 36 bits（dB）
	Gains from DCI 36 to 26 bits（dB）
	Gains from DCI 26 to 16 bits（dB）

	8
	0.5
	0.5
	0.25

	4
	1
	0.6
	1

	2
	1.4
	1
	1.2

	1
	2.5
	2
	1.8


According to the results above, some possible observations are listed as follow:
· There are more gains at low CCE aggregation level than high level with reduction PDCCH overhead.

· At least 1dB can be gained at reduction of 10bits in average possible CCE aggregation level.
· PDCCH Capacity can be improved 50% at any CCE aggregation level if 30bits PDCCH overhead reduced.
However, although performance gains can be achieved by reducing DCI format overhead, e.g. 10 bits, it is still not good enough to reduce the CCE aggregation level. For example, 4 CCE aggregation level should be required for DCI format 2 with 46 bits, 30 bits need to be reduced for achieving CCE aggregation level dropped from 4 to 2. It is unlikely to remove that much bits
2.2 Further analysis of compact DCI format
To address the issue of PDCCH capacity limitation or high blocking probability, a new transmission mode with the compact DCI format should be designed in Rel-11. Some possible options are shown below:
· Option 1: 
DCI format 1A is used in common and UE-specific search space which corresponds to Single-antenna port or Transmit diversity as same as in Rel-10.

A compact DCI format X is used in UE-specific search space which corresponds to Single-antenna port. DCI format X with overhead reducing still target to better data transmission than 1A.

· Option 2: 
DCI format 1A is used in common search space which corresponds to Single-antenna port or Transmit diversity.

DCI format X is used in UE-specific search space which corresponds to Single-antenna port.
For option 2, only one DCI format size has to be detected in the UE-specific search spaces. Therefore, the UE-specific search spaces can be expanded while the number of blind decoding remains unchanged. It can be a complementary method to the issue for the large CCE. E.g. large CCE requires much more bit reduction than possible. The PDCCH blocking probability will be decreased with larger search spaces provided.  The corresponding simulation results of PDCCH blocking probability are shown in Appendix. The compact DCI format shows lower PDCCH blocking probability compared to legacy PDCCH. In addition, the expanded search space mode (e.g. option 2) would provide a better performance than normal transmission mode.
For option 2, the fallback operation relies only on the common search spaces could face higher blocking during the transmission mode switching time. But it is an infrequent case.
The design of new transmission mode with compact DCI format can also provide improvement low SINR and low-cost MTC UE scenarios in Rel-11, which are typically large number.
The new transmission mode will mainly make the standardization changes in RAN 1. A new transmission mode and DCI format should be defined in 36.213 and 36.212 respectively. The additional transmission mode value will relate to the high layer signaling from RAN 2. From the RAN 4 point of view, new performance testing for the new DCI format in PDCCH will be proceeding. However, the proposed new transmission mode can consider both CA and other enhancement.
3 Conclusions
In this contribution some simulation results are shown that PDCCH overhead reduction can improve PDCCH Capacity and reduce the PDCCH blocking probability. For some scenarios, e.g. inter-band deployment or CA based HetNet, a new transmission mode with compact DCI format can be a useful tool for reducing the PDCCH blocking probability and improving performance of PDCCH. 
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5 Appendix

According to the simulation assumption in Table 2 and the CCE aggregation level probability which is evaluated from system level simulation in Table 3 and Table 4, the PDCCH blocking probability between the legacy PDCCH procedure and compact DCI format procedure are shown in the Figure 2. 
Table 2: Parameters for simulation
	Evaluation assumption
	Proposals

	# of DL/UL carriers
	2 carriers, each DL grant associated with one UL grant

	Downlink BWs
	10 MHz

	DCI
	0, 1A and 2C

	Number of UEs
	20 

	Search space generation
	Random UE ID

	Link adaption
	Realistic

	Evaluation metrics
	PDCCH blocking probability

	Channel model
	3GPP Case 1, SCME

	Number of nodes
	57 macro cells, 4 pico per macro cell

	Antenna parameters
	FDD downlink, 2x2 MIMO for both macro and pico

	Minimum distance macro-pico
	75 m

	Shadowing coherence distance
	50 m (for both pico and macro)

	UE speed
	3 km/h

	eNB maximum transmit power
	46 dBm (macro) and  30 dBm (pico)

	Link adaptation
	Ideal

	Transmission scheme for PDCCH
	SFBC


Table 3: Probability of each aggregation level for DCI format 0/1A
	Aggregation level 1
	90.9%

	Aggregation level 2
	7.6%

	Aggregation level 4
	1.05%

	Aggregation level 8
	0.45%


Table 4: Probability of each aggregation level for DCI format 2C
	Aggregation level 1
	82.7%

	Aggregation level 2
	13.9%

	Aggregation level 4
	2.6%

	Aggregation level 8
	0.8%
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Figure 2: PDCCH blocking probability between legacy PDCCH and compact PDCCH procedure
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