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1. Introduction

In previous meetings, it has been discussed on the detailed evaluation assumptions for baseline schemes performance evaluation. There were discussions on categorization of baseline schemes and agreed as follows [1],
· Following four categories of baseline (a.k.a. implementation based enhancement) schemes are captured in TR 36.897 based on RAN1#80 contributions: 

· Category 1:  Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector

· Category 2:  Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)

· Category 3:  Kronecker precoding with 2 CSI processes

· Category 4:  SRS based precoding scheme in TDD

In RAN1#80bis, there were discussions and agreements about the performance with following schemes should be provided [2],
· For FDD:

· Use Cat 2 as default baseline for enhancement schemes

· Companies can optionally also provide enhancement scheme results relative to Cat 3 

· For TDD, use Cat 4 as baseline.

In this contribution, we present the initial baseline evaluation results with Cat 2 and Cat 4 schemes.
2. Evaluation Results
We evaluated the full buffer and non-full buffer performance for 2D antenna array. The TXUR virtualization is sub-array partition with electrical downtilting 100 degree. 

For category 2 simulations, codebook based FDD SU schemes are used, and with three CSI process configurations in UMi case with different TXRU configurations. Three processes of CSI-RS are used, and each process is precoded with different downtilts values using DFT (UMi: {80, 95, 110}). Full buffer simulation results are shown in Table 1, and non-full buffer simulation results are shown in Table 2.
For category 4 simulations, channel reciprocity based TDD schemes are used, and SU/MU dynamic switching with up to two UEs per transmission and up to two streams per UE is adopted. The full buffer simulation results are shown in Table 3, and the non-full buffer simulation results are shown in Table 4.
Table 1. Full buffer system performance of precoded CSI-RS with Cat2 schemes
	MIMO Schemes (M,N,P,Q)
	UMi (ISD 200m) FDD

	Spectrum efficiency [bits/s/Hz]
	(8,2,2,4)
	Average
	1.74 (0%)

	
	
	5% UE
	0.051 (0%)

	
	(8,2,2,8)
	Average
	1.75 (+1.36%)

	
	
	5% UE
	0.055 (+7.84%)

	
	(8,2,2,16)
	Average
	1.85 (+6.71%)

	
	
	5% UE
	0.069 (+36.64%)

	
	(8,4,2,16)
	Average
	1.97 (+13.22%)

	
	
	5% UE
	0.080 (+56.86%)


Table 2.  Non-full Buffer Performance of precoded CSI-RS with Cat2 schemes
	Traffic Load
	Scenario
(M,N,P,Q)
	Precoded CSI-RS



	
	
	Resulting RU
	5%
	50%
	Mean

	Medium
(
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=2.5)
	3D-UMi, 200m/2GHz
(8,2,2,4)
	67%
	2.18
(0%)
	11.09
(0%)
	13.28
(0%)

	
	3D-UMi, 200m/2GHz
(8,2,2,8)
	63%
	3.98

(82.8%)
	12.18

(9.83%)
	13.70

(3.16%)

	
	3D-UMi, 200m/2GHz
(8,2,2,16)
	62%
	4.12

(107.3%)
	12.61

(16.4%)
	14.28
(12.8%)

	High

(
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=3)
	3D-UMi, 200m/2GHz
(8,2,2,4)
	74%
	1.77
(0%)
	9.91
(0%)
	10.23

(0%)

	
	3D-UMi, 200m/2GHz
(8,2,2,8)
	72%
	2.95
(55.38%)
	10.42
(5.15%)
	10.87
(6.26%)

	
	3D-UMi, 200m/2GHz
(8,2,2,16)
	68%
	3.51
(98.31%)
	11.76
(18.67%)
	11.83
(15.64%)


Table 3. Full buffer system performance with Cat4 schemes
	MIMO Schemes (M,N,P,Q)
	UMa (ISD 500m) FDD
	UMi (ISD 200m) FDD

	Spectrum efficiency [bits/s/Hz]
	(8,2,2,4)
	Average
	2.65 (0%)
	2.59 (0%)

	
	
	5% UE
	0.043 (0%)
	0.059 (0%)

	
	(8,2,2,8)
	Average
	2.66 (+0.38%)
	2.81 (+8.49%)

	
	
	5% UE
	0.066 (+53.49%)
	0.079 (+33.90%)

	
	(8,2,2,16)
	Average
	2.79 (+5.28%)
	3.11 (+20.08%)

	
	
	5% UE
	0.078 (+81.40%)
	0.094 (+59.32%)

	
	(8,4,2,16)
	Average
	3.55 (+33.96%)
	3.66 (+41.31%)

	
	
	5% UE
	0.130 (+200.02%)
	0.126 (+113.56%)


Table 4.  Non-full Buffer Performance with Cat4 schemes
	Traffic Load
	Scenario
(M,N,P,Q)
	Precoded CSI-RS

(File arriving rate = 2.5)

	
	
	Resulting RU
	5%
	50%
	Mean

	Medium
(
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=2.5)
	3D-UMi, 200m/2GHz
(8,2,2,4)
	41%
	6.56

(0%)
	16.81
(0%)
	17.79
(0%)

	
	3D-UMi, 200m/2GHz
(8,2,2,8)
	40%
	7.84

(19.5%)
	17.47

(3.9%)
	18.36

(3.2%)

	
	3D-UMi, 200m/2GHz
(8,2,2,16)
	34%
	8.17
(24.5%)
	18.96
(12.8%)
	18.84
(6.0%)

	High

(
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=4)
	3D-UMi, 200m/2GHz
(8,2,2,4)
	79%
	3.25

(0%)
	12.08
(0%)
	13.82
(0%)

	
	3D-UMi, 200m/2GHz
(8,2,2,8)
	68%
	4.04

(24.3%)
	13.03
(7.9%)
	14.56
(5.4%)

	
	3D-UMi, 200m/2GHz
(8,2,2,16)
	62%
	5.86
(80.31%)
	15.22
(25.99%)
	15.96
(15.48%)


3. Conclusion
In this contribution, we present the baseline schemes evaluation results with Cat 2 and Cat 4 schemes. 
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Appendix: Simulation Assumptions 
Simulation Assumptions for FDD
	Parameter
	Value

	Homogeneous scenarios
	3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modelling
	Model -2 from 36.873

	Duplex
	FDD

	Traffic model 
	Full Buffer  (Mean Throughput, 5% UE Throughput)
FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU)

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz

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

	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 
	Ideal channel estimation and interference modelling

	Receiver 

UE Rx configuration
	LMMSE-IRC receiver

	
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-2 for non-reciprocity operation

	Feedback 

Transmission scheme
	CQI and RI reporting triggered per 5ms 

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the UE

	
	SU-MIMO with single rank

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

	Scheduler 
	Frequency selective scheduling


Simulation Assumptions for TDD

	Parameter
	Value

	Homogeneous scenarios
	3D-UMa with ISD = 500m in 2GHz, 46 dBm

3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modelling
	Model -2 from 36.873

	Duplex
	TDD

	Traffic model (Metrics)
	Full Buffer (Mean Throughput, 5% UE Throughput)
FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU)

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz

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

	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 
	Ideal channel estimation and interference modelling

	
	LMMSE-IRC receiver

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

	Feedback 
	PUSCH 3-0 for reciprocity based operation

	
	CQI and RI reporting triggered per 5ms 

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the eNB

	Transmission scheme
	Dynamic SU/MU-MIMO with rank adaptation

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

	Scheduler 
	Frequency selective scheduling
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