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1. Introduction
In RAN1#78bis meeting, deployment scenarios and evaluation methodology for phase1 and phase 2 evaluation of 3D-MIMO are discussed. In this contribution, initial performance evaluation results of TDD mode for 16-64 TXRU based on Rel-12 Spec. are presented.
2. Evaluation Assumptions
The evaluation assumptions for homogeneous scenarios are summarized in annex.
Scenarios:

The following five homogeneous scenarios are approved in RAN1#78bis meeting.
· Scenario 1: 3D-UMa, ISD 500m, 2GHz, downtilt 100 degree (Mandatory)
· Scenario 2: 3D-UMa, ISD 200m, 2GHz, downtilt 104 degree (Mandatory)
· Scenario 3: 3D-UMi, ISD 200m, 2GHz, downtilt 100 degree (Mandatory)
· Scenario 4: 3D-UMi, ISD 200m, 3.5GHz, downtilt 100 degree (Mandatory)
· Scenario 5: 3D-UMa, ISD 200m, 3.5GHz, downtilt 104 degree (Optional)
Performance of the four mandatory scenarios was evaluated in this contribution.
BS Antenna configuration:
·  (M,N,P) = (8,4,2)
· 8Port: (MTXRU,N,P) = (1,4,2)
· 16Port: (MTXRU,N,P) = (2,4,2)
· 32Port: (MTXRU,N,P) = (4,4,2)

· 64Port: (MTXRU,N,P) = (8,4,2)
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Figure 1. TXRU virtualization from 64 elements to 8/16/32 TXRU

The other parameters of BS antenna configuration are summarized in annex.
Receiver type:
MMSE-IRC receiver is used at the UE in the simulation. It was assumed that UE knows the channel estimate coefficients of other co-scheduled DM-RS ports. For other transmission points than the serving transmission points, only interference power can be estimated per receive antenna.
SRS Channel Estimation Error Modeling:
Details of SRS channel estimation error modeling were clarified in the companion contribution [2].  SRS was transmitted on the whole bandwidth using two symbols of UpPTS every 10ms by two transmit antennas. Open loop power control was applied, and P0/alpha was assumed as -81dBm/0.8. SNR was used instead of SINR for imperfect SRS channel estimation model, which means no intra-cell and inter-cell interference was assumed in the simulation. 
3. Initial Evaluation Results for 64TXRU
Performance evaluation results of 8-64TXRU based on Rel-12 Spec.using FTP model 1 are illustrated in Table 1 and Table 2. For SU-MIMO, rank adaptation is used. For MU-MIMO, maximum 2 UEs can be paired to occupy the same frequency simultaneously, and maximum 2 ranks can be transmitted per UE.
Table 1 Simulation results for 8-64TXRU SU-MIMO with FTP model 1 (RU: 50%)
	
	
	Case 1
	Case 2
	Case 3
	Case 4

	8Port
	5%UPT(bps/Hz)
	0.37
	0.41
	0.39
	0.33

	
	50%UPT(bps/Hz)
	1.71
	1.82
	1.82
	1.52

	
	Mean UPT(bps/Hz)
	2.29
	2.41
	2.35
	2.17

	
	RU
	53%
	49%
	52%
	60%

	16Port
	5%UPT(bps/Hz)
	0.36
	
	0.47
	

	
	50%UPT(bps/Hz)
	1.75
	
	2.33
	

	
	Mean UPT(bps/Hz)
	2.30
	
	2.78
	

	
	RU
	54%
	
	43%
	

	32Port
	5%UPT(bps/Hz)
	0.40
	
	0.68
	

	
	50%UPT(bps/Hz)
	1.89
	
	2.70
	

	
	Mean UPT(bps/Hz)
	2.45
	
	3.15
	

	
	RU
	54%
	
	38%
	

	64Port
	5%UPT(bps/Hz)
	0.41
	0.58
	0.68
	0.67

	
	50%UPT(bps/Hz)
	1.87
	2.41
	2.84
	2.79

	
	Mean UPT(bps/Hz)
	2.44
	2.84
	3.24
	3.14

	
	RU
	52%
	42%
	37%
	37%


Table 2 Simulation results for 8-64TXRU MU-MIMO with FTP model 1 (RU: 50%)
	
	
	Case 1
	Case 2
	Case 3
	Case 4

	8Port
	5%UPT(bps/Hz)
	0.55
	0.63
	0.59
	0.56

	
	50%UPT(bps/Hz)
	2.33
	2.58
	2.61
	2.53

	
	Mean UPT(bps/Hz)
	2.66
	2.84
	2.84
	2.80

	
	RU
	50%
	44%
	46%
	56%

	16Port
	5%UPT(bps/Hz)
	0.59
	
	0.83
	

	
	50%UPT(bps/Hz)
	2.77
	
	3.73
	

	
	Mean UPT(bps/Hz)
	2.91
	
	3.55
	

	
	RU
	46%
	
	36%
	

	32Port
	5%UPT(bps/Hz)
	0.57
	
	0.97
	

	
	50%UPT(bps/Hz)
	2.86
	
	4.58
	

	
	Mean UPT(bps/Hz)
	3.00
	
	3.74
	

	
	RU
	46%
	
	31%
	

	64Port
	5%UPT(bps/Hz)
	0.62
	0.91
	1.32
	0.95

	
	50%UPT(bps/Hz)
	3.11
	4.23
	4.65
	4.51

	
	Mean UPT(bps/Hz)
	3.02
	3.80
	4.23
	3.97

	
	RU
	45%
	34%
	31%
	34%
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Figure 2. SU-MIMO performance gain of 16-64TXRU over 8TXRU (RU: 50%)
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Figure 3. MU-MIMO performance gain of 16-64TXRU over 8TXRU (RU: 50%)
4. Conclusion
In this contribution, performance evaluation results for 16-64TXRU using FTP model 1 are presented. The evaluations are carried out under current R12 specification assuming channel reciprocity. It should be clarified that the SRS error modeling in this contribution is a bit optimistic. More careful modeling such as in [2] may be considered in later meetings. 

An initial observation from the SLS results is that 3D-MIMO achieves higher gain with 200m ISD than with 500m ISD.
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Annex

Table 1 : Evaluation Assumptions
	Parameters
	Values

	Homogeneous scenarios
	3D-Uma ISD 500m, 3D-Uma ISD 200m with 41dBm Tx power (for 10MHz), 3D-Umi ISD 200m

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU), the number of Ues is variable and according to desired load for bursty.

*RU clarification: multiple SU or MU layers are not counted multiple times towards RU, max RU=100% 

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0*

	Carrier Frequency 
	3D-Uma ISD 500m: 2GHz

3D-Uma ISD 200m: 2GHz

3D-Umi ISD 200m: 2GHz
3D-Umi ISD 200m: 3.5GHz

	Downtilt
	3D-Uma ISD 500m: 100 degree

3D-Uma ISD 200m: 104 degree
3D-Umi ISD 200m: 100 degree

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions
LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Duplex Mode
	TDD 

	Feedback 
	PUSCH 3-0 for reciprocity based operation
CQI reporting triggered per 5ms 

Feedback delay is 5 ms 

	SRS
	Periodicity: 10ms

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP)

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	BS antenna configuration
	antenna elements config: 8 x 4 x 2, TXRU config: 1 x 4 x 2

	Number of UE transmit antennas
	2

	CSI-RS, CRS
	CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is given by [1, 0, 0, 0, 0, 0, 0, 0]

	CSI-RS periodicity
	5ms


Table 2: BS Antenna Configuration 

	Parameter
	Values

	Number of columns (N)
	4

	Antenna Polarization (P)
	P = 2: cross-pol (eNB: +/- 45 deg, UE: 0/90 deg)

	Horizontal antenna element spacing dH
	0.5λ

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi

	Vertical antenna element spacing and Number of antenna elements with the same polarization in each column (dV , M)
	(0.8 λ, 8) 
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