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1. Introduction
In RAN1#79, the simulation assumptions for elevation BF / FD-MIMO were finalized, and a prioritization among different antenna configurations was made for the phase-2 enhancement proposals. Furthermore the following agreement was made regarding the evaluation of different standard enhancements:
Agreements:
· For a given antenna array configuration, an enhancement proposal that requires specifications change should at least be provided with the following:
· A baseline case

· A baseline is considered to have no specification impact to Rel-12 and providing the best tradeoff among various factors e.g. performance, complexity, overhead, etc achievable using Rel-12 specifications

· An enhancement case

· An enhancement is considered to have specification impact to Rel-12

· The enhancement case should at least be evaluated against the baseline case, where the comparison should consider not only performance benefits, but also other factors e.g., complexity, overhead, etc.

· Antenna array configuration is given by the parameters {M,N,P,Q}
· Baseline and Enhancement cases assume the same values for M, N, P, Q 

· 1D TXRU virtualization: The total number of associated TXRUs:  Q= MTXRU * N * P according to TXRU model-1 (as defined in RAN1#78bis)

· 2D TXRU virtualization: The total number of TXRUs Q should be described by the proponent

However, the exact baseline schemes have not been agreed yet. In the e-mail discussion [79-08] preceding RAN1#80, companies have provided their views on the baseline schemes. In this contribution, we provide our views on the baseline schemes to be used when evaluating enhancement proposals related to the prioritized antenna configurations. Furthermore, we provide our simulation results on the proposed baseline schemes in homogeneous network scenarios in case of 16 TXRUs, comparing them to the phase-1 scheme evaluation results. The proposed baseline scheme and the corresponding results are based on our earlier proposal in [1]. Here we propose further optimized tilt values for each scenario. Moreover, the associated CSI-RS overhead is also factored into the performance evaluation.
2. Baseline schemes for prioritized antenna configurations
As agreed in RAN1#79, the prioritized antenna configurations for phase-2 enhancement proposals are shown in Table 1.
Table 1. Agreed prioritized antenna configurations for phase-2 enhancement proposals.

	
	N=1
	N=2
	N=4

	M=8, 
homogeneous @ 2 GHz
	8TXRU

16TXRU


	8TXRU
16TXRU
	8 TXRU

16 TXRU

32 TXRU

64 TXRU

	M=4, small cells @ 3.5 GHz
	
	
	8 TXRU

16 TXRU

32 TXRU


In this contribution we focus on the case of four cross-polarized antenna columns (N=4). In this case, when 8 TXRUs are available, the phase-1 scheme with the agreed down-tilt values provides a natural choice for the baseline. Therefore, we propose:
Proposal:

· For (M, N, P, Q) = (8, 4, 2, 8) and (M, N, P, Q) = (4, 4, 2, 8), the baseline scheme is the agreed phase-1 evaluation scheme.

· One vertical TXRU per polarization using M-element DFT weights over M vertical antenna elements with the following tilt angles:

· 100 degrees for 3D-UMa 500m and 3D-UMi 200m

· 104 degrees for 3D-UMa 200m

When more than 8 TXRUs are available at the eNB, the choice of the baseline scheme is, however, less obvious. First of all, the phase-1 scheme does not correspond to a proper baseline as per the agreement made in RAN1#79, which reads
· A baseline is considered to have no specification impact to Rel-12 and providing the best tradeoff among various factors e.g. performance, complexity, overhead, etc achievable using Rel-12 specifications
This is because the phase-1 scheme does not make use of the extra TXRUs beyond 8 that are available at the eNB. As was noted in [1] among others, Release 11/12 enables also operation with a larger number of TXRUs, using either a single CSI process or multiple CSI processes configured per UE. It is obvious that such schemes indeed lead to a better tradeoff among performance, complexity, and overhead than the phase-1 scheme. This observation is backed up by the simulation results given in Section 3, where significantly better performance is obtained from UE specific elevation beamforming requiring no specification changes. Note that e.g. the additional CSI-RS overhead is taken into account in the the performance evaluation.
In the proposed baseline scheme CSI feedback is provided for one out of two possible elevation-beamformed CSI-RS resources that are mapped to different sets of TXRUs. This operation is enabled already for Release 11/12 UEs capable of multiple CSI processes, or for Release 12 UEs capable of CSI-RS –based discovery signal measurements. The UE provides CSI feedback only for one CSI-RS resource, where the CSI-RS resource is chosen based on long-term received power. Thus the CSI-RS resource selection for one UE is (semi-)static. The assumed TXRU virtualization is according to [3], TXRU model 1, virtualization option 2 (full connection model).

Cell association is done based on RSRP from CRS port 0. In the phase-1 scheme (single elevation beam), port 0 is mapped to a single TXRU. Thus, it is elevation-beamformed the same way as the PDSCH. For the proposed baseline UE specific elevation beamforming scheme, the CRS port 0 is virtualized to the two TXRUs of the first column and first polarization slant using a precoder with weights u=[1 1]/sqrt(2).

We further note that although the proposed scheme uses only 16 TXRUs, it may be readily applied as the baseline when evaluating enhancements related to eNBs equipped with 32 and 64 TXRU. Obviously, such operation could be achieved by for instance simply mapping and utilizing the 16 TXRUs are proposed above, while leaving the rest of the TXRUs unmodulated.

Hence, we propose:
Proposal:

· For (M, N, P, Q) = (8, 4, 2, 16/32/64) and (M, N, P, Q) = (4, 4, 2, 16/32), the baseline scheme is vertical sectorization with a shared cell ID using two CSI-RS resources.
· Two vertical TXRUs per polarization, each using M-element DFT weights over M vertical antenna elements (full connection) with the following tilt angles:
· 100 and 105 degrees for 3D-UMa 500m

· 102 and 114 degrees for 3D-UMa 200m
· 82 and 97 degrees for 3D-UMi 200m for (M, N, P, Q) = (8, 4, 2, 16/32/64) at 2.0 GHz
· 76 and 102 degrees for 3D-UMi 200m for (M, N, P, Q) = (4, 4, 2, 16/32) at 3.5 GHz

3. Baseline performance for 16 TXRUs

The evaluation results comparing the proposed baseline UE-specific elevation beamforming scheme to the fixed down-tilt phase-1 scheme are given in Tables 2, 3, 4, and 5 for the four mandatory homogeneous network scenarios. Note that the assumed down-tilts for the baseline scheme have been optimized for the studied scenarios based on system throughput. We have assumed the FTP Model 1 traffic model with offered loads of 6, 13, and 17 Mbps/sector, leading to approximately 20%, 50%, and 70% resource utilization in the baseline scheme. Furthermore, 2 GHz / 3.5 GHz carrier frequency, antenna polarization model 2, and geometrical distance based wrap around were assumed. Detailed simulation assumptions are listed in Annex A. We propose to include these results in the TR 36.897.
Proposal: Include the presented baseline results in the TR 36.897.
Table 2. User throughput [Mbps] results for 3D-UMi scenario at 2.0 GHz.
	Offered traffic load
	6 Mbps/sector
	13 Mbps/sector
	17 Mbps/sector

	3D-UMi, 2.0 GHz
	RU [%]
	Mean
	5th %ile
	RU [%]
	Mean
	5th %ile
	RU[%]
	Mean
	5th %ile

	8TXRU (single CSI-RS)
	17.7
	32.07
	12.46
	50.3
	21.33
	4.66
	71.2
	15.71
	2.07

	16TXRU (dual CSI-RS)
	15.8
	34.52
	15.56
	41.5
	25.00
	7.22
	58.4
	20.06
	4.21

	Gain
	
	8%
	25%
	
	17%
	55%
	
	28%
	103%


Table 3. User throughput [Mbps] results for 3D-UMa scenario, ISD=200m, at 2.0 GHz.
	Offered traffic load
	6 Mbps/sector
	13 Mbps/sector
	17 Mbps/sector

	3D-UMa 200m, 2.0 GHz
	RU [%]
	Mean
	5th %ile
	RU [%]
	Mean
	5th %ile
	RU[%]
	Mean
	5th %ile

	8TXRU (single CSI-RS)
	17.1
	33.02
	13.65
	47.8
	21.41
	5.22
	72.4
	15.02
	2.27

	16TXRU (dual CSI-RS)
	16.3
	33.95
	14.71
	43.5
	23.32
	6.34
	65.6
	17.50
	3.15

	Gain
	
	3%
	8%
	
	9%
	21%
	
	17%
	39%


Table 4. User throughput [Mbps] results for 3D-UMa scenario, ISD=500m, at 2.0 GHz.
	Offered traffic load
	6 Mbps/sector
	13 Mbps/sector
	17 Mbps/sector

	3D-UMa 500m, 2.0 GHz
	RU [%]
	Mean
	5th %ile
	RU [%]
	Mean
	5th %ile
	RU[%]
	Mean
	5th %ile

	8TXRU (single CSI-RS)
	18.5
	30.93
	11.27
	50.1
	21.27
	4.80
	69.9
	15.79
	2.32

	16TXRU (dual CSI-RS)
	17.8
	31.40
	12.08
	47.1
	22.04
	5.46
	65.8
	17.22
	2.89

	Gain
	
	2%
	7%
	
	4%
	14%
	
	9%
	25%


Table 5. User throughput [Mbps] results for 3D-UMi scenario at 3.5 GHz.
	Offered traffic load
	6 Mbps/sector
	13 Mbps/sector
	17 Mbps/sector

	3D-UMi, 3.5 GHz
	RU [%]
	Mean
	5th %ile
	RU [%]
	Mean
	5th %ile
	RU[%]
	Mean
	5th %ile

	8TXRU (single CSI-RS)
	18.4
	31.23
	11.90
	52.8
	20.30
	4.02
	74.0
	14.45
	1.69

	16TXRU (dual CSI-RS)
	17.9
	31.57
	12.42
	49.3
	21.67
	4.80
	69.1
	16.00
	2.29

	Gain
	
	1%
	4%
	
	7%
	19%
	
	11%
	36%


4. Conclusion 
In this contribution we have provided our views on the baseline schemes to be used in context of some of the prioritized antenna configurations. Our proposals on the baseline schemes are summarized as follows:
Proposals:

· For (M, N, P, Q) = (8, 4, 2, 8) and (M, N, P, Q) = (4, 4, 2, 8), the baseline scheme is the agreed phase-1 evaluation scheme.

· One vertical TXRU per polarization using M-element DFT weights over M vertical antenna elements with the following tilt angles:

· 100 degrees for 3D-UMa 500m and 3D-UMi 200m

· 104 degrees for 3D-UMa 200m

· For (M, N, P, Q) = (8, 4, 2, 16/32/64) and (M, N, P, Q) = (4, 4, 2, 16/32), the baseline scheme is vertical sectorization with a shared cell ID using two CSI-RS resources.

· Two vertical TXRUs per polarization, each using M-element DFT weights over M vertical antenna elements (full connection) with the following tilt angles:

· 100 and 105 degrees for 3D-UMa 500m

· 102 and 114 degrees for 3D-UMa 200m

· 82 and 97 degrees for 3D-UMi 200m for (M, N, P, Q) = (8, 4, 2, 16/32/64) at 2.0 GHz

· 76 and 102 degrees for 3D-UMi 200m for (M, N, P, Q) = (4, 4, 2, 16/32) at 3.5 GHz

We also presented evaluation results on the proposed baseline schemes, and propose to capture the results in the TR 36.897.

Proposal: Include the presented baseline results in the TR 36.897.
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Annex A – Simulation assumptions

	Parameter
	Value

	Scenario
	3D-UMa , ISD 500m:

· 8TXRU: One beam 100°
· 16TXRU: Dual beam 100° & 105°
3D-UMa , ISD 200m:
· 8TXRU: One beam 104°
· 16TXRU: Dual beam 102° & 114°
3D-UMi , ISD 200m:
· 8TXRU: One beam 100° (2.0 GHz & 3.5GHz)
· 16TXRU: Dual beam 82° & 97° @ 2.0 GHz, 
76° & 102° @ 3.5 GHz
Geographical distance based wrapping

	eNB antenna array
	URA x-pol, -45/+45 degree slants, 8 / 16 TXRUs

4 columns and 8 rows, 0.5-wavelength horizontal and 0.8-wavelength vertical spacing for 2.0 GHz [2, 3]
4 columns and 4 rows, 0.5-wavelength horizontal and 0.5-wavelength vertical spacing for 3.5 GHz [2, 3]

Polarization model 2 

	UE antenna array
	2 Rx x-pol, 0/90 degrees slant

	Traffic model
	FTP model 1

0.5 Mbytes packet size

Offered load: {6, 13, 17} Mbps/sector

	Cell association weights
	CRS port 0 mapped to the 8 TXRUs via [1,0,0,0,0,0,0,0] (same as CSI-RS port 15)

CRS port 0 mapped to the 16 TXRUs via [1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0]/sqrt(2) where the non-zero power corresponds to the 2 TXRUs in the first column connected to +45 degree polarized elements

	Cell association method
	RSRP on CRS port 0, 3dB handover margin

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel and interference covariance estimation
	Modeled for both demodulation and CSI:

FD-Wiener filter, Wishart-based sample covariance model 

	CSI feedback
	Mode 3-2 with 5ms periodicity and 5ms delay

	CRS locations
	Colliding across all cells

	Transmission mode
	TM10

	Overhead
	2 CRS ports, 3 PDCCH symbols, 12 DMRS REs, and 8 / 16 CSI-RS / 4 CSI-IM REs with 5ms periodicity.

	Scheduling
	PF, SU-MIMO

	OLLA
	10% BLER target

	Azimuth precoding
	8-TX codebook

	Max modulation order
	64QAM

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4

	EVM
	Tx 6%, Rx 4%



