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1 Introduction
In RAN1, R-PDCCH-based PDCCH enhancement using UE-specific reference signals for the purpose of benefiting from multiple antennas and beamforming is discussed. However, this R-PDCCH-based based PDCCH enhancement (hereinafter, referred to as e-PDCCH) occupies the PDSCH radio resources, which will result in a significant decline in PDSCH throughput performance due to a reduction in the available PDSCH radio resources.
In order to clarify the performance deterioration introduced by e-PDCCH, this contribution evaluates the PDSCH throughput performances of CoMP scenario 4 considering e-PDCCH radio resources. Moreover, to prevent this deterioration in PDSCH throughput, continuous multiple PDSCH transmission scheduling (CMPTS) was proposed [1]. This contribution also evaluates the PDSCH throughput performances of CoMP scenario 4 with e-PDCCH and CMPTS. The simulation results show that the CMPTS can prevent PDSCH throughput deterioration by reducing radio resources of e-PDCCH. 
2 PDSCH Throughput Performances of CoMP Scenario 4 with e-PDCCH in the PDSCH region
In this section, the system bandwidth is assumed to be 10 MHz, with other simulation assumptions summarized in APPENDIX. Considering the flexibility of non-e-PDCCH radio resources allocated to other PDSCH, the e-PDCCH radio resource is assumed to be determined by units of the resource block group (RBG) and RBGs reserved for e-PDCCH are muted in the system level simulations. The maximum number of scheduled UE per cell per subframe is 10. Three alternatives with different numbers of RBGs allocated to e-PDCCH are assumed as follows:

Alternative 1: e-PDCCH occupies 1 RBG (3 RBs) in the PDSCH region, RB ID for e-PDCCH is assumed to be RB0, RB1 and RB2
Alternative 2: e-PDCCH occupies 2 RBGs (5 RBs) in the PDSCH region, RB ID for e-PDCCH is assumed to be RB0, RB1, RB2, RB48 and RB49
Alternative 3: e-PDCCH occupies 3 RBGs (8 RBs) in the PDSCH region, RB ID for e-PDCCH is assumed to be RB0, RB1, RB2, RB24, RB25, RB26, RB48 and RB49
The performances of CoMP scenario 4 without e-PDCCH in PDSCH are selected as the baseline. Note that the number of scheduled users depends on the PDSCH resource allocation results and PDCCH transmission is considered ideal for all scheduled users.
The simulation results are summarized in Table 1.

Table 1. Simulation results of CoMP scenario 4 with e-PDCCH in the PDSCH region
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From Table 1, the following observations can be summarized:

Observation 1: Both macro area throughput and 5% worst throughput performances degrade with the increment of e-PDCCH resources in the PDSCH region.

Observation 2: In particular, macro area throughput and 5% worst throughput performances deteriorate significantly when e-PDCCH resources in the PDSCH region are extended from 5 to 8 RBs.
Observation 3: In order to prevent performance deterioration due to e-PDCCH radio resource expansion in the PDSCH region, solutions for reducing e-PDCCH resources in the PDSCH region are necessary.
3 Continuous multiple PDSCH transmission scheduling (CMPTS)
   In order to prevent e-PDCCH radio resource expansion in the PDSCH region, multiple PDSCH transmissions in some continuous subframes corresponding to a single DL grant PDCCH, as shown in Figure 1, is proposed [1]. Figure 1 shows that in CMPTS, 1 PDCCH can be designed to have continuous multiple PDSCH transmissions, such as PDCCH 1, PDCCH 5 and PDCCH 6 in Fig.1. When continuous multiple PDSCH transmissions without PDCCH in the same subframe are supported, it is impossible to feedback ACK/NACK of PDSCH based on the allocated CCE ID of its PDCCH. Therefore further discussion is necessary for this issue. In [1], we suggest that feed back one ACK/NACK for continuous multiple PDSCH transmissions, and reuse ACK/NACK feedback mechanisms in TDD systems.
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Fig. 1: Continuous multiple PDSCH transmissions scheduling in CoMP scenario 4

  In order to show the effectiveness of the proposed CMPTS, performance evaluations of two schemes, PDCCH enhancement with e-PDCCH only (hereinafter, refereed to as “e-PDCCH only”) and PDCCH enhancement with e-PDCCH and CMPTS (hereinafter, refereed to as “e-PDCCH with CMPTS”), are executed. Assumptions for thses two schemes are summarized as follows: 
· e-PDCCH only:

Because there is 4 RRHs in each macro area (therefore there are 5 cells per macro area), the maximum number of scheduled UEs per cell per subframe is 10 and the number of scheduled UEs provided by legacy PDCCH is 10, therefore, in e-PDCCH only case, the number of scheduled UEs provided by e-PDCCH should be 40.

As a result, in e-PDCCH only case, it is assumed that in the PDSCH region, 8 RBs are reserved for e-PDCCH per cell (identical to alternative 3 in section 2)
· e-PDCCH with CMPTS:

Considering the fact that the proposed CMPTS is only suitable for users with bulk data to transmit, therefore in e-PDCCH with CMPTS case, it is assumed that e-PDCCH resources in the PDSCH region is 5 RBs (identical to alternative 2 in section), and that the insufficient PDCCH capacity is covered by CMPTS with a period of 2ms. 

The simulation results are summarized in Table 2.

Table 2. Simulation results of CoMP scenario 4 in e-PDCCH only and e-PDCCH and CMPTS schemes
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From Table 2, the following observations can be summarized:
Observation 4: Compared to e-PDCCH only, macro area throughput and 5% worst user throughput are significantly improved by e-PDCCH with the proposed CMPTS.

Suggestion: We suggest discussing both e-PDCCH enhancement in the PDSCH region and solutions to prevent e-PDCCH resources expansion for PDCCH enhancement in Rel-11.
4 Conclusions
This contribution summarized the performance of CoMP scenario 4 with R-PDCCH-based PDCCH enhancement and R-PDCCH-based PDCCH enhancement with continuous multiple PDSCH transmission scheduling.
Observation 1: Both macro area throughput and 5% worst throughput performances degrade with the increment of e-PDCCH resources in the PDSCH region.

Observation 2: In particular, macro area throughput and 5% worst throughput performances deteriorate significantly when e-PDCCH resources in the PDSCH region are extended from 5 to 8 RBs.
Observation 3: In order to prevent the performance deterioration due to e-PDCCH radio resource expansion in PDSCH region, solutions for minimizing e-PDCCH resources in PDSCH region are necessary.
Observation 4: Compared to e-PDCCH only, macro area throughput and 5% worst user throughput are significantly improved by e-PDCCH with the proposed CMPTS.

Suggestion: We suggest discussing both e-PDCCH enhancement in the PDSCH region and solutions to prevent e-PDCCH resources expansion for PDCCH enhancement in Rel-11.
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APPENDIX
Table A: Cellular system parameters
	Parameter
	MeNB
	LPN (Low Power Node)
	UE

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz (Macro and LPN carriers are located in the co-channel)

	Duplex method
	FDD

	Cellular layout
	- Macro: 7 tri-sectored hexagonal cells, ISD: 500 m

- LPN and UE: configuration 4b

- Number of LPNs per macro cell area: 4

- Number of UEs per macro cell area: 60 (10 UE are dropped within 40 m radius of each LPN)

	Minimum distance
	>= 35 m (macro to UE), >= 10 m (LPN to UE), >= 75 m (macro to LPN), >= 40 m (LPN to LPN)

	Path loss, shadowing loss, and penetration loss
	ITU UMa for macro, UMi for LPN. Penetration loss is 0 dB. 

	Fading model
	SCM, UE velocity of 3 km/h

	Maximum TX-power
	46 dBm
	30 dBm
	23 dBm

	Antenna height
	25 m
	10 m
	1.5 m

	Antenna gain with cable loss
	17 dBi
	5 dBi
	0 dBi

	Antenna pattern
	- Macro: A(, ) = - min{- [AH() + AV()], Am}

- Horizontal: AH() = - min[12 ( / 3dB)2, Am], 3dB = 70 deg., Am = 25 dB
- Vertical: AV() = - min[12 {( - etilt) / 3dB)}2, SLAv], 3dB = 10 deg., SLAv = 20 dB, etilt = 12 deg.

- LPN and UE: Omni

	Number of TX-/RX-antennas
	2 (10 -ULA)/2 (10 -ULA)
	2 (10 -ULA)/2 (10 -ULA)
	1/2 (0.5 -ULA)

	Noise figure
	5 dB
	5 dB
	9 dB

	Minimum distance between UE and MeNB
	>= 35 m
	>= 35 m
	>= 35 m

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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Table B: Signal processing parameters

	Parameter
	Value

	MIMO scheme 
	SU-MIMO

	Transmission mode
	4

	CRS power density
	3 dB boosting against PDSCH

	Network synchronization
	Synchronized

	Number of OFDM symbols for PDCCH
	3

	Number of CRS-REs in the PDSCH region
	600 (= 4 x 3 x 50)

	HARQ scheme
	Based on incremental redundancy, up to 5 re-transmissions

	Link adaptation
	CQI/PMI/RI reports delay: 8 msec.,
Period of subband/wideband CQI: 5 msec

	Link to system mapping
	Exponential effective SINR mapping

	Control channel reception
	Ideal

	Channel estimation
	Ideal

	Scheduling algorithm
	Proportional fairness

	Traffic model
	Full buffer traffic model

	Number of simulation drops
	1
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