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1 Introduction 

MU-MIMO is an important technique to improve system performance in LTE-A. In RAN1 #59bis, regarding MU dimensioning it was concluded that:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission

From the agreement, up to 4 UEs can be co-scheduled on the same OFDM resource.  Individual control signaling is transmitted to each UE via PDCCH.   It is important to confirm whether the current available PDCCH resources are enough for MU-MIMO when up 4 UEs are scheduled.  The contribution discusses the capacity of PDCCH with different methods in MU-MIMO evaluation.
2 Availability of PDCCH resources
It is defined in the current LTE specification that the first 3 OFDM symbols in a normal subframe can be used to transmit control signaling including PHICH, PCFICH and PDCCH for the system bandwidth > 10RBs.  For a 10MHz Bandwidth system, up to 350 REGs can be used for all PHICH, PCFICH and PDCCH transmission in 4Tx. The 2-bit PCFICH needs fixed 4REGs. According to [1], there may be 6-39 REGs used for PHICH. Considering one CCE corresponds to 9 REGs, there are at most 37 CCEs  which can be used for PDCCH.

The PDCCH resource can be allocated for UL grant, power control and downlink resource allocation. According to [2], we assume 16 CCEs are allocated as UE common search space and 1/3 of the remaining CCEs are allocated for UL grants and power control signaling.  Therefore, 2/3 of the remaining CCEs can be used for downlink resource allocation, i.e. 14 CCEs, it is also assumed in [3]. Based on these assumptions, in next section we use 14CCEs as the limitation to consider whether PDCCH is enough.
3 PDCCH demand evaluation for MU-MIMO
For each scheduled UE, there are four levels (1, 2, 4 and 8) of CCE aggregation depending on UE’s channel quality condition.  The aim is to guarantee PDCCH BLER below 0.01.  So if a UE is in good channel condition, it can use small CCE aggregation. On the other hand, it will use larger CCE aggregation if the UE is in bad channel condition.  In our evaluation, three methods are used to indicate UE’s channel condition：

1） Simply use UE’s geometry to indicate the PDCCH channel quality condition;

2） Use wideband PDCCH SINR to indicate channel quality condition;

3） Use subband PDCCH SINR to indicate channel quality condition.
The BLER curves with different levels of CCE aggregation are shown in Fig.1 and Fig.2 which are used in our system-level simulation.  DCI format 2B is used in our simulation because it can be used for both SU-MIMO and MU-MIMO with up to 2 TBs.
In 1)  UE geometry doesn’t contain the fast fading information  Therefore, link-level simulation result based on 3GPP case1 channel with fast fading is used for CCE size decision in SLS as shown in Fig.1 .
In 2) and 3), since dynamic PDCCH SINR is calculated with fast fading information, link-level simulation result based on AWGN is used for CCE size decision in SLS as shown in Fig. 2 .
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       Fig.1  DCI format 2B in 3GPP Case 1               Fig.2  DCI format 2B in AWGN
From the link-level simulation, we can get the SINR thresholds with BLER <= 0.01 corresponding to 1CCE、2CCEs、4CCEs、8CCEs respectively. Then with these link-level SINR thresholds, system-level simulation is performed to dynamically allocate the PDCCH resources based on the SINR of each UE.  The CDF results of PDCCH CCE demand are shown in Fig3-5:


[image: image3]
Fig.3 PDCCH CCE Demands for DL-MIMO Resource Allocation in Method 1)

[image: image4]
Fig.4 PDCCH CCE Demands for DL-MIMO Resource Allocation in Method 2)
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 Fig. 5 PDCCH CCE Demands for Downlink MU-MIMO Resource Allocation in Method 3)
With method 1，we can see with the increase of co-scheduled UE number, the capacity of 3 OFDM symbols is not enough for PDCCH in most cases. In the case of up to 4 UEs being co-scheduled, only about 10% can be satisfied with the availability of 14CCEs.  If up to 3 UEs are co-scheduled, the probability increased to 70%.  While if up to 2 UEs are co-scheduled, the probability increased to 85% but it is still not enough for the capacity requirement of PDCCH.  With methods 2 and 3, even in the case of up to 4 UE being co-scheduled, the capacity of 3 OFDM symbols for PDCCH is basically enough for all cases..

Compared to 1) and 2), it is too ideal with the assumption in 3) because it’s hard to carry out in reality as the data and control symbols can be in different subbands. The simulation result in method 2) can be the most suitable results for the PDCCH capacity evaluation.  From the simulation result, we can see that the capacity of PDCCH with 3 OFDM symbols still can satisfy the requirement.
4 Conclusion
In this contribution, we did some evaluation to study whether the PDCCH resources defined in the current LTE specification are enough for the agreed MU dimension.  According to the results from our system-level simulation, PDCCH is still enough even up to 4 UEs are co-scheduled  under the capacity of 3 control symbols if dynamic PDCCH resource allocation is done.
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Appendix
· Link-level simulation assumptions:

	System Bandwidth
	10MHz(50PRB)

	Simulation Methodology
	BLER vs. Short-Term SNR

	Antenna configuration
	4-by-2, uniform linear antenna at both eNB and UE, 0.5λ

	Channel Model
	3GPP Case1 for method 1);

AWGN for method 2) and method 3)

	PDCCH OFDM symbol number
	3

	Transmission Mode
	LTE transmit diversity(SFBC)

	Channel estimation
	Ideal

	MCS
	QPSK, 1/3 tail-biting CC, rate matching for aggregation levels 1,2,4,8

	Information Bits
	56 bits (including 16 CRC bits) for DCI format 2B

	Minimum Required Performance (BLER)
	0.01


· System-level simulation assumptions:
	Channel Model 
	3GPP Case1

	Duplex/Bandwidth
	FDD/10MHz(50PRB)

	Number of cells
	7

	Number of sectors per cell
	3

	Number of UEs per sector
	10

	Scheduler
	proportional fairness

	Channel Estimation
	Ideal

	Traffic Model
	Full Buffer

	Subband number
	8

	Antenna Configuration
	4-by-2, uniform linear antenna at both eNB and UE, 0.5λ

	MCS
	Adaptive

	Rank Adaptation
	Dynamic switching between SU and MU-MIMO

SU-MIMO: rank-1 or rank-2
MU-MIMO: rank-1 per UE


· Percentage of Co-scheduled UEs in System-level simulation：

	
	4UE Co-scheduled
	3UE Co-scheduled
	2UE Co-scheduled
	1UE single-scheduled

	Up to 4UE Co-scheduled
	37%
	9%
	53%
	1%

	Up to 3UE Co-scheduled
	0%
	33%
	66%
	1%

	Up to 2UE Co-scheduled
	0%
	0%
	99%
	1%

	SU-MIMO
	0%
	0%
	0%
	100%
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