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1. Introduction

In the last #66bis meeting, we introduced multiplexing scheme of enhanced PDCCH (E-PDCCH) when MU-MIMO is performed for PDSCH transmission and presented initial system-level evaluation results [1].

In this contribution, we further discuss multiplexing scheme of E-PDCCHs with system level simulation results reflecting practical E-PDCCH receiving performance.

2. Multiplexing schemes for E-PDCCH of different UEs
When MU-MIMO is supported for PDSCH transmission, two approaches for E-PDCCH multiplexing can be considered as follows:
· Approach 1: No spatial multiplexing for E-PDCCHs is allowed.
· Approach 2: Spatial multiplexing for E-PDCCHs of multiple users is allowed.
In Approach 1, even if PDSCHs for multiple users are transmitted on the same resources, E-PDCCHs for UEs do not overlap each other in any resource. In other words, the resources occupied by one E-PDCCH are not used for transmission of other E-PDCCH or PDSCH. 
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Figure 1 Exemplary E-PDCCH without layer multiplexing

Figure 1 shows an example of Approach 1 when two UEs are multiplexed in PDSCH region. Because no additional E-PDCCH is allowed to be multiplexed in a resource once one E-PDCCH occupied, this approach guarantees robust transmission of control information without co-channel interference at a cost of more resources.
In Approach 2, on the other hands, multiple E-PDCCHs can be multiplexed in layer domain. Compared with Approach 1, it can achieve higher resource efficiency by fully exploiting spatial resource although multi-user interference can degrade demodulation performance of each E-PDCCH. Figure 2 shows an example of E-PDCCH multiplexing described in approach 2.
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Figure 2 Exemplary E-PDCCH layer multiplexing

3. System level simulation results
System-level simulation on homogeneous cell deployment is performed for comparison of multiplexing schemes of E-PDCCH. In this simulation, we assume that E-PDCCH is allocated in only first slot in MBSFN subframe where the first two symbols are occupied by the legacy PDCCH. In detail, basic allocations are described in Figure 3 and Figure 4 for each approaches, and examples of E-PDCCH multiplexing for irregular aggregation levels is shown in Figure 5. We consider practical E-PDCCH overhead which targets 1% error rate of E-PDCCH detection. For PDSCH transmission, 4x2 MU-MIMO, where maximum number of layers is two, is adopted with allowing dynamic SU/MU-MIMO switching. The details of our simulation assumptions are listed in Appendix A and B.

1) Resource efficiency
At first, we compare the resource overhead of E-PDCCH using two approaches in Table 1 and 2 when PDSCH is operated in MU-MIMO transmission. Table 1 shows the aggregation level from UE perspective. In Table 1, it is observed that approach 2 shows relatively higher aggregation level than approach 1 due to the co-channel interference of paired UEs. 
Table 1. E-PDCCH aggregation level for UE whose PDSCH is paired

	
	Aggregation level for E-PDCCH transmission

	
	Level 1
	Level 2
	Level 4
	Level 8

	Approach 1
	51.3%
	16.2%
	22.1%
	10.3%

	Approach 2
	35.3%
	26.6%
	25.1%
	13.0%


Table 2 shows the how many resources are used for E-PDCCH by each approach from system overhead perspective, and we observed that the approach 2 requires less resource than approach 1 does. Note that in the table 2, the number of PRB’s used by approach 2 means the maximum number of PRBs by E-PDCCH for one of paired UEs. 
Table 2. Average resource overhead used by E-PDCCH of UE whose PDSCH is paired
	
	1PRB
	2PRBs
	3RBs
	4RBs
	5RBs
	6RBs
	7RBs
	8PRBs

	A. 1
	0.0%
	25.7%
	15.8%
	2.8%
	24.8%
	6.8%
	0.0%
	4.3%

	A. 2
	11.6%
	26.6%
	0.0%
	37.7%
	0.0%
	0.0%
	0.0%
	24.2%


	
	9PRBs
	10RBs
	11RBs
	12RBs
	13RBs
	14RBs
	15RBs
	16RBs

	A. 1
	10.6%
	4.2%
	0.0%
	4.0%
	0.0%
	0.0%
	0.0%
	0.9%

	A. 2
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%


2) Throughput

As shown in the table 3, approach 2 provisions non-negligible gain in 5%-tile UE throughput. Also, when considering throughput of UE in MU-MIMO transmission only, approach 2 provides significant benefits in average spectral efficiency. This gain comes from less resource overhead of approach 2 shown in table 2.
Table 3 Throughput comparison between approach 1 and 2
	
	Approach 1
	Approach 2
	Gain

	Average Spectral Efficiency
(bit/sec/Hz)
	1.89
	1.94
	2.65%

	5%-tail UE throughput
(bit/sec/10MHz)
	1.86E+02
	1.98E+02
	6.45%

	Average Spectral Efficiency of MU-MIMO transmission
(bit/sec/Hz)
	0.463
	0.515
	11.2%

	PER of E-PDCCH transmission (%)
	0.758
	0.766
	-


4. Conclusions

In this contribution, we discussed two approaches for E-PDCCH multiplexing schemes (i.e. w and w/o spatial multiplexing for E-PDCCHs of different UEs). From the simulation results, we propose that layer multiplexing of E-PDCCHs should be supported.
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Appendix A - System-level simulation assumption

Table 1 General simulation parameters
	Parameter
	Value

	Central frequency
	2 GHz

	Duplex method and Bandwidth
	10 MHz in FDD

	Cell layout
	19 macro-cells, 3cells per macro-cell; (DL MIMO evaluation scenario A) [2]

	Macro-cell ISD
	500 m

	Number of UE within macro coverage
	25 UEs (configuration 1) [3]

	Antenna pattern
	3D pattern defined in TR.36.814 with antenna down tilt 12 degrees [3]

	Channel model
	ITU UMa (outdoor only) with 25 m Tx antenna height

	UE mobility
	3km/h

	Antenna configurations
	For macro eNB, 4Tx antennas : closely-spaced cross-polarized antenna: X X (0.5 lambda)

For UE, 2Rx cross-polarized: X

	Transmission scheme
	SU-/MU-MIMO; Dynamic switching for Max. 2 UE pairing

	MIMO receiver
	MMSE

	Target BLER for PDSCH
	10%

	Target BLER for enhanced PDCCH
	1%

	HARQ process
	4ms (Max. 4 retransmission)

	Scheduling granularity
	16 RBs

	E-PDCCH configuration
	first slot only allocation (FDM/TDM manner)

	Control information
	DCI 2C – 58 bits

	Feedback schemes
	Feedback Mode 3-1 (Wideband PMI / Subband CQI)

CQI reporting period –  5 ms

PMI reporting period –  5 ms

RI reporting period   – 20 ms

	Feedback delay
	5ms

	Overhead
	2 symbols for legacy PDCCH
No CRS in PDSCH region (MBSFN subframe)

DMRS port 7/8

	Channel estimation
	Ideal Channel Estimation

	Traffic model
	Full buffer


Appendix B - Resource allocation according to multiplexing schemes
[image: image3.emf](a) UE #1 (1

st

Layer)

Aggregation Level 1 Aggregation Level 2 Aggregation Level 4 Aggregation Level 8

   [image: image4.emf]Aggregation Level 1 Aggregation Level 2 Aggregation Level 4 Aggregation Level 8

(b) UE #2 (2

nd

Layer)


[image: image5.emf]CRS port 0 CRS port 1

UE-specific RS port 7/8

Legacy PDCCH in MBSFN subframe E-PDCCH of UE #1

PDSCH of UE #2

E-PDCCH of UE #2

PDSCH of UE #1 Null


Figure 3 slot-wise (RB pair) – E-PDCCH allocation using FDM manner (Approach 1)
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Figure 4 slot-wise (RB pair) – E-PDCCH allocation using SDM manner (Approach 2)
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(A) Approach 1
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(A) Approach 2
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Figure 5 Example of resource allocation methods for multiplexing UEs in case of in different aggregation level
