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1. Introduction

In previous RAN1 meeting, it was proposed that compact DCI formats shall be studied in Rel-11 [1][2], which would reduce the PDCCH overhead and increase the PDCCH capacity. In this contribution, we provide system level evaluation on the compact DCI formats and study its gain in terms of DL throughput.
2. Evaluation for compact DCI 
In this section, we provide the system simulation results of an MU-MIMO deployment scenario with PDCCH search space modeled. The PDCCH search space modeling method is introduced in [2]. In order to see the impacts of compact DCI on downlink throughput, the following cases are simulated:

· Without compact DCI, i.e. eNB schedules all UEs with DCI format 2C. 
· With compact DCI, i.e. eNB schedules UEs with DCI format 2C or a compact DCI format. If a UE is in low DL geometry, it is scheduled with the compact DCI; otherwise, it is scheduled with DCI format 2C. 

In this simulation, the payload of the compact DCI format is assumed to be the same as DCI format 1A. The threshold between DCI format 2C and the compact DCI format is the required SNR for DCI format 2C with aggregation level of 4 (i.e. -1.0 dB), which means that the UEs with DL geometry requiring aggregation level of 8 for DCI format 2C are scheduled with the compact DCI format.
The downlink cell edge and cell average throughput are shown in Table 1, with detailed simulation assumptions in Appendix A. The results indicate that the cell edge throughput increases with the introduction of a compact DCI format. The gain of cell edge throughput increases with the increase of maximum scheduled PDCCHs per subframe. This is primary due to the fact that the cell edge UEs are scheduled with the compact DCI format using smaller CCE aggregation level than DCI format 2C, and then more cell edge UEs can be scheduled in one subframe. With the consideration of CCE resource reserved for UL grants or PDCCH in common search space, the cases with CCE utilization around 30% - 50% in Table 1 appear reasonable. 
It shall be pointed out that in this set of simulations, the limitation of the compact DCI format on PDSCH scheduling is not modeled. In other words, the reduced DCI format size usually puts more scheduler restriction than larger DCI format size, e.g. on the flexibility of resource allocation. Thus, the gain of cell edge throughput with the compact DCI format may be viewed as an upper bound. It shall also be noted that the benefits of further reducing the DCI format size over DCI format 0/1A shall be studied further.
Table 1: system simulation results (CFI=3 with, 20 UEs per cell)

	Simulation cases
	Cell average throughput (kbps)
	5% cell edge throughput (kbps)
	CCE utilization efficiency (%)

	
	w/o compact DCI
	w/ compact DCI
	w/o compact DCI
	w/ compact DCI
	w/o compact DCI
	w/ compact DCI

	Max 5 PDCCHs per subframe
	5551.66
	5543.29
(-0.15%)
	102.51
	103.7
(1.17%)
	31.62%
	28.60%

	Max 10 PDCCHs per subframe
	6172.54
	6160.20
(-0.15%)
	98.13
	104.96
(6.96%)
	56.74%
	53.43%

	Max 15 PDCCHs per subframe
	6337.74
	6335.87
(-0.03%)
	89.39
	95.93
(7.32%)
	72.66%
	71.29%

	Max 20 PDCCHs per subframe
	6344.91
	6330.83
(-0.22%)
	88.78
	98.52
(10.97%)
	74.86%
	74.27%


3. Conclusions
In this contribution, we provide system evaluation on compact DCI formats and the impacts on DL throughput. The compact DCI formats can potentially improve the cell edge throughput. However, in order to fully understand its gain on system throughput, more accurate modeling is needed, e.g. considering the limitation on the PDSCH/PUSCH scheduling flexibility.
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Appendix A：Simulation assumptions
Table A-1: simulation assumptions

	Parameter
	Value

	Cellular layout
	3GPP Case 1

Hexagonal, 19 sites, 3 sectors per site

	System bandwidth
	10MHz (50 PRBs)

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP SCM NLoS UMa 3D

Azimuth spread: 8˚

UE speed: 3 km/h

	Base station antenna configuration
	2 antenna elements

XPL with 0.5 λ antenna spacing

	MIMO scheme
	MU-MIMO

Max. 2 UEs with rank-1 per UE

	Number of UEs per cell
	20

	Scheduler
	Proportional Fairness

	MU-MIMO scheduler
	Maximum sum data rate

	Receiver algorithm
	MRC

	Channel estimation for demodulation
	Ideal

	HARQ
	Maximum 4 transmissions

	UE noise figure
	9 dB

	UE distribution within cell
	Uniformly dropped

	PDCCH region
	3 OFDM symbols

	PHICH configuration
	Ng =1

	Maximum scheduled UEs per subframe
	5, 10 ,15, 20

	DCI format
	DCI format 2C

Compact DCI (DCI format 1A)

	Required SNR for PDCCH aggregation [8, 4, 2, 1]
	DCI format 2C: [-3.6, -1.0, 1.8, 8.5]

Compact DCI:   [-4.8, -2.2, 0.5, 4.5]
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