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1. Introduction

AAS co-existence simulation assumptions were discussed in RAN4#67 meeting. The discussion was mainly focused on cell split scenario. As an important use application, UE specific beamforming should be one of the AAS co-existence simulation scenarios. In this paper, we proposed harmonization of cell-splitting and UE-specific beamforming parameters.
2. UE-specific beam forming application and simulation assumptions
Based on AAS BS using vertical / horizontal cell splitting applications [1], the E-UTRA Macro to E-UTRA Macro coexistence scenario is identified for the purpose of studying the spatial characteristics of an AAS BS. Simulation are applied for evaluating in-band blocking and ACLR for AAS BS and initial summary of AAS simulation results were given in [2]
For UE specific beamforming coexistence simulation, we propose that simulation cases for both uplink and downlink as shown in Table 2-1 and Table 2-2, respectively. The per-element ACLR and in-band blocking performance metrics are used. 
Table 2-1 Simulation cases for ACLR
	Case
	Aggressor
	Victim
	Simulated link
	Statistics
	Target RF requirement

	Da
	AAS E-UTRA Macro system: UE specific beam forming
	AAS E-UTRA Macro system: UE specific beam forming
	Downlink
	Throughput loss 
	ACLR

	Db
	AAS E-UTRA Macro system: UE specific beam forming
	Legacy

E-UTRA Macro system
	Downlink
	Throughput loss
	ACLR

	Dc
	Legacy

E-UTRA Macro system
	AAS E-UTRA Macro system: UE specific beam forming
	Downlink
	Throughput loss 
	ACLR

	Dd
	Legacy E-UTRA Macro system 
	Legacy E-UTRA Macro system
	Downlink
	Throughput loss 
	ACLR


Table 2-2 Simulation cases for in-band blocking
	Case
	Aggressor
	Victim
	Simulated link
	Statistics
	Target RF requirement

	Ua
	AAS E-UTRA Macro system: UE beam forming
	AAS E-UTRA Macro system: UE beam forming
	Uplink
	Interferer levels at victim BS
	In-band blocking

	Ub
	Legacy

E-UTRA Macro system
	AAS E-UTRA Macro system: UE beam forming
	Uplink
	Interferer levels at victim BS
	In-band blocking

	Uc
	Legacy

E-UTRA Macro system
	Legacy

E-UTRA Macro system
	Uplink
	Interferer levels at victim BS 
	In-band blocking


Similar assumption as table 5.4.3.1-1 in TR 37.840 was made for UE specific beamforming scenarios. The difference is 4 UEs are dropped in each cell for uplink and downlink simulation.
General Simulation assumptions
	Simulation Parameters
	Values

	Cellular layout
	Hexagonal, 3 sectors/site (19 sites wrap-around), uncoordinated

	UE distribution
	Average 10 UEs per cell. UEs on flat ground

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	UL: 16RBs (total: 48 RBs)  DL: 50RB for cell split scenarios

	Number of active UEs
	UL: 4 UEs per cell
DL: 4 UE per cell

	UE max Tx power
	23 dBm

	UE min Tx power
	- 40 dBm

	Active array loss
	1 dB

	Losses of legacy system
	2 dB

	Legacy BS max Tx power
	46dBm

	AAS BS max Tx power
	46dBm 

	Power control parameters
	(TR36.942 V10.3.0 Section 12.1.4)
PC Set 1 (alpha=1; P0=-101dBm)
PC Set 2 (alpha=0.8; P0=-92.2dBm)

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	ACS of LTE UE
	33 dB

	Output statistics (Blocking levels)
	CDF of the received interference power in dBm from an aggressor

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of 3GPP TR36.942. 


3. 4 UEs for AAS cell splitting coexistence simulation

So far, 3 UEs per cell for UL and 1 UE per cell have been proposed for vertical and horizontal cell splitting simulation. For UE-specific beamforming, we proposed 4 UEs for simulation. 
Main simulation assumptions:

Victim system:        10MHz E-UTRA legacy system 

Aggressor system:     10MHz E-UTRA legacy system 

Electrical downtilt:     9 degrees in victim and aggressor system

UE numbers per sector  (DL:1 UE / UL:3 UEs)  or  (DL:4 UEs / UL:4UEs ) 
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Figure 3-1 downlink cell average and cell edge throughput loss of two scenarios
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Figure 3-2 uplink in-band blocking of two scenarios

Analysis: 

The throughput losses of 4 UEs scenario cases are obviously worse than the 1UE/3UE scenario cases. The main reason is that each of the 4 UE divides the transmit power equally, but will suffer fixed total interference power from the aggressor BS, therefore the victim UE suffers more interference in downlink. In the uplink, the 4 UEs scenario also suffers more interference from the aggressor UEs with each aggressor cell has one more scheduled aggressor UEs than the 1UE/3UE scenario. It seems that 4 UEs for AAS cell splitting has bigger impacts on system performance. 

AAS-specific simulation assumptions
Element pattern
	Horizontal Radiation Pattern
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	Horizontal 3dB bandwidth of single element / deg
	80º

	Front-to-back ratio
	Am = 30dB

	Vertical Pattern method
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	Vertical 3dB bandwidth of single element / deg
	65º

	Element Pattern
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	Element Gain without antenna losses
	GE,max= 7.5 dBi*

	Note: *GE,max is obtained from TR37.840 Table 5.4.4.2.1-1.


The last two tables contain cell-splitting parameters and UE-specific beamforming parameters. Those parameters are unique and cannot be harmonised. 
Cell-splitting parameters
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UE specific beam forming
	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dB 
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	For beam i:
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the super position vector is given by
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the weighting is given by
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	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Power split. Beam i
	-6dB


Proposa1 l: Proponents to agree on those general, AAS specific, cell-splitting and UE-specific beamforming parameters above.
Proposa1 2: 4UEs are agreed for UL and DL AAS cell splitting and UE-specific beamforming coexistence simulation study.
4. Conclusions

For harmonisation of cell-splitting and UE-specific beamforming parameters, we proposed:
Proposa1 l: Proponents to agree on those general, AAS specific, cell-splitting and UE-specific beamforming parameters above.
Proposa1 2: 4UEs are agreed for UL and DL AAS cell splitting and UE-specific beamforming coexistence simulation study.
Proposed
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