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1. Introduction
From the evaluation results for ITU-R submission, single-cell enhanced multi-user MIMO (MU-MIMO) has been identified as an important technique for LTE-Advanced to improve the system throughput performance. In Rel. 8 LTE, only a simplified MU-MIMO is supported in which one layer per UE and two UEs for multiplexing in the spatial domain are supported. Thanks to the introduction of the Demodulation Reference Signal (DM-RS) from Rel. 9 for SU-/MU-MIMO transmission, MU-MIMO has possible room for further performance enhancement. One of the main discussion points for LTE-Advanced MU-MIMO is MU-MIMO dimensioning [1]-[5]. In this contribution, we provide our views on MU-MIMO dimensioning for LTE-Advanced based on system-level simulations.
2. Discussion on MU-MIMO Dimensioning for LTE-Advanced
Considering the limited amount of channel state information (CSI) feedback currently specified in Rel. 8 and Rel. 9 LTE, the following two types of antenna configurations are typical scenarios appropriate for a single-cell MU-MIMO: Uniform Linear antenna Array (ULA) and cross-polarized antenna array (CPA) with narrow antenna separations. In a highly correlated ULA configuration, one layer per UE, which is the same as Rel. 8 LTE, seems to be sufficient to achieve the highest performance gain for MU-MIMO especially when the multi-user diversity gain is sufficient. However, in CPA configurations, a maximum of two layers per UE have the possibility to achieve a performance gain over one layer per UE especially when the traffic load is not sufficiently high. However, if multiple layers per UE are supported in MU-MIMO, the investigation of enhanced CSI feedback over single-user MIMO (SU-MIMO) feedback, e.g., increased number of CSI feedback bits, may be needed in order to take advantage of the performance gain from dynamic SU/MU switching. In addition, although it is an implementation issue, the degree of complexity of scheduling and the modulation and coding scheme (MCS) selection is increased. Therefore, we consider that careful investigation based on system-level evaluation is needed with realistic assumptions, and the tradeoff between the performance gain and the increased control signaling overhead and complexity should be confirmed.
Compared to the investigation on the maximum number of layers per MU-MIMO UE, the decision regarding the maximum number of co-scheduled UEs in MU-MIMO may not impact the specification at all if transparent MU-MIMO is supported. If non-transparent MU-MIMO is supported, implementing some kind of limitation for the maximum number of spatially multiplexed UEs may be beneficial to reduce the control signaling overhead. Therefore, investigation of the maximum number of co-scheduled UEs is useful to future study of the transparency of MU-MIMO.
3. Preliminary Simulation Evaluations
3.1.  Simulation Conditions

In this section, we provide a preliminary performance comparison with different (M, N) in MU-MIMO for the ULA and CPA configurations, where M is the maximum number of layers per UE and N is the maximum number of co-scheduled UEs. Table 1 gives the simulation parameters used in the evaluation. We assume ideal CSI feedback to the eNB transmitter to confirm the maximum gain. In addition, we assume that the first two OFDM symbols are used for the PDCCH, and the overhead for the common control channel is ignored. We also assume the use of the cell-specific reference signal (CRS) for 2 antenna ports and the DM-RS density of 12 REs/RB for total rank 1-2 and 24 REs/RB for total rank 3-8.
Table 1 – Simulation parameters
	Cell layout
	Hexagonal grid, 19 cell-sites, 

3 sectors per cell-site

	Antenna pattern at eNode B 
(antenna gain)
	70-deg. sectored beam with tilt
(14 dBi, etilt = 15 deg.) 

	Inter-site distance (ISD)
	500 m

	Transmission bandwidth 
	10 MHz

	Subframe (TTI) length
	1 msec

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Channel model
	Typical Urban (TU) 

	Transmission power of eNode B
	46 dBm

	Max. Doppler frequency
	fD = 5.55 Hz

	Antenna configuration
	4 and 8 (eNB) / 2 and 4 (UE), ULA/CPA
Tx correlation for co-polarization: 0.95

	CSI feedback
	Ideal CSI feedback

	Rank adaptation
	Rank adaptation with up to 2 layers per UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	Control delay (scheduling, AMC)
	4 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)

64QAM (R = 3/5 - 4/5) 


3.2.  Simulation Results

Figures 1(a)-1(c) show comparisons of the cumulative distribution function (CDF) of the user throughput with different (M, N) and the number of antennas for ULA. Table 2 summarizes the cell throughput. The results show that, when the maximum number of layers per UE is fixed to 1, further increase in the N value will exhibit a gain of approximately 10 - 66% in terms of the cell throughput for different antenna configurations. In addition, it is shown that the maximum number of co-scheduled UEs of four seems to achieve the highest gain and there is no significant performance improvement when the number of receiver antennas is two. When the number of receiver antennas is four, some performance improvement is observed when the N value is increased from four to eight. However, it is considered that the UE with four receiver antennas may not be mandatory even in the era of LTE-Advanced. If some kind of limitation on the number of spatially multiplexed UEs is necessary from the control signaling perspective, N = 4 is a reasonable value.
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Figure 1 – Comparison of CDF of user throughput for ULA configuration
Table 2 – Cell throughput comparison for ULA configuration
	Antennas 
	4x2 MIMO
	8x2 MIMO
	8x4 MIMO

	(M, N)
	(1, 2)
	(1, 4)
	(1, 2)
	(1, 4)
	(1, 8)
	(1, 2)
	(1, 4)
	(1, 8)

	Cell Thp. (Mbps) 
	35.84 
(x 1.0)
	39.51 
(x 1.10)
	42.20 
(x 1.0)
	57.41
(x 1.36)
	59.49 
(x 1.41)
	47.01 (x1.0)
	69.69 
(x 1.48)
	78.03 
(x 1.66)


Figures 2 and 3 show a comparison of the CDF of the user throughput with different numbers of transmit and receiver antennas for the CPA configuration. The maximum number of layers per UE is fixed to 1 (M = 1) and 2 (M = 2) in Figs. 2 and 3, respectively. Tables 3 and 4 summarize the cell throughput. The results show that when the layer per UE is fixed to 1 compared to the number of co-scheduled UEs of 2, further increase in the maximum number of co-scheduled UEs will exhibit a gain of approximately 3 - 47% in terms of the cell throughput for different antenna configurations. In addition, the maximum number of co-scheduled UEs of two (four) seems to achieve the highest gain when the number of transmit antennas is four (eight). There is no significant performance improvement when the number is increased further to eight. 
Compared to 1 layer per MU-MIMO UE, a maximum of 2 layers per UE achieves up to approximately a 30% gain in terms of the cell throughput assuming ideal CSI feedback. Further study is necessary when realistic CSI feedback is assumed.
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Figure 2 – Comparison of CDF of user throughput for CPA configuration with M = 1

Table 3 – Cell throughput comparison for CPA configuration with M = 1
	Antennas 
	4x2 MIMO
	8x2 MIMO
	8x4 MIMO

	(M, N)
	(1, 2)
	(1, 4)
	(1, 2)
	(1, 4)
	(1, 8)
	(1, 2)
	(1, 4)
	(1, 8)

	Cell Thp. (Mbps) 
	28.87
 (x 1.0)
	29.81 
 (x 1.03)
	35.92 
(x 1.0)
	44.34 
(x 1.23)
	44.92 
(x 1.25)
	39.30
(x1.0)
	54.67 
(x 1.39)
	57.93 
(x 1.47)
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Figure 3 – Comparison of CDF of user throughput for CPA configuration with M = 2

Table 4 – Cell throughput comparison for CPA configuration with M = 2
	Antennas 
	4x2 MIMO
	8x2 MIMO
	8x4 MIMO

	(M, N)
	(1, 2)
	(2, 2)
	(1, 2)
	(2, 2)
	(2, 4)
	(1, 2)
	(2, 2)
	(2, 4)

	Cell Thp. (Mbps) 
	28.87 
 (x 1.0) 
	 31.12
(x 1.07)
	35.92 
(x 1.0) 
	41.81 
(x 1.16)
	46.66 
(x 1.30) 
	39.30 (x1.0) 
	52.23 
(x 1.32) 
	64.18 
(x 1.63) 


4. Conclusions
In this contribution, we investigated the dimensioning of MU-MIMO for LTE-A, and provided a performance comparison in various scenarios. The preliminary simulation results show the following.
· When the layer per UE is fixed to 1, compared to the number of co-scheduled UEs of 2, further increase in the maximum number of co-scheduled UEs will exhibit a gain of approximately 10 - 60% and 3 - 47% in terms of the average cell throughput for the ULA and CPA configurations, respectively
· The maximum number of co-scheduled UEs of four seems to achieve the highest gain in most of the scenarios. 
· For the CPA configuration, compared to a fixed 1 layer per UE, a maximum of 2 layers per UE can achieve up to approximately a 30% gain in terms of the cell throughput assuming perfect CSI feedback.
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