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1 Introduction
In RAN1#80 meeting, the following 4 categories for baseline evaluation assumptions were agreed [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

· Detailed text for each category is written by Rapporteurs based on inputs from email discussion [79-08], including:

· Set of numbers of TXRUs

· TXRU virtualization (if any)

· CSI-RS to TXRU mapping

· Number of CSI-RS processes

· etc

In this contribution, we provide the details of our proposed baseline scheme and the performance evaluation for 16 TXRUs.
2 Detailed text of 16 TXRU 
In the proposed baseline scheme [3], to reuse the legacy CSI measurement and feedback scheme, we use the virtualization for 16 TXRUs, i.e., each CSI-RS port is virtualized from 2 TXRUs. It is a scheme which belongs to category 2. 
Compared to the cases with 8 TXRUs, there are more degrees of freedom for virtualization with 16 TXRUs, i.e., there are two stages of virtualizations, the first virtualization from CSI-RS port to TXRUs and the second virtualization from TXRU to antenna elements with independent down tilt angles. 
For N=2 cases:

Each TXRU is virtualized from 2 antenna elements and each CSI-RS port is virtualized from 2 TXRUs as shown in Figure 1a and Figure 1b. 
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Figure 1a TXRU virtualization           Figure 1b Antenna ports virtualization      Figure 1c Antenna ports indexing
The antenna ports indexing scheme is shown in Figure 1c, and cell association weights and method is aligned with the assumption in 8TXRUs [2], i.e., CRS port 0 associated to a single TXRU with weights [1,0,0,...,0] or [0,1,0,…,0], and CRS port 0 based RSRP.
For the first virtualization, the vertical TXRUs are mapped with independent down tilt angles. And for the second virtualization, each CSI-RS port is mapped to 2 vertical TXRUs with a DFT vector. The detailed TXRU virtualization weights and CSI-RS port to TXRU virtualization are listed as following:
· TXRU virtualization weights
For N =2 cases, there are total 4 vertical TXRUs in one column. The first/second TXRU is mapped to 2 antenna elements with down tilt angel A and the third/fourth TXRU is mapped to 2 antenna elements with down tilt angle B as shown in Figure 2.   
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Figure 2 TXRU virtualization for N = 2 cases
· CSI-RS port to TXRU virtualization
There are total 2 vertical CSI-RS ports in one column for N =2 cases. Each CSI-RS port is mapped to 2 
vertical TXRUs with one DFT vector as shown in Figure 3. In order to model this DFT vector, the 
following vector form with explicit phaseΦ is adopted in the simulation.
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Figure 3 CSI-RS port virtualization with phaseΦ
In the following subsection, the detailed description for N = 4 cases of 16 TXRUs is given. 
For N=4 cases:

Each TXRU is virtualized from 4 antenna elements and each CSI-RS port is virtualized from 2 TXRUs as shown in Figure 4a and Figure 4b. 
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Figure 4a TXRU virtualization    Figure 4b Antenna ports virtualization      Figure 4c Antenna ports indexing

The indexing scheme for CSI-RS ports is shown in Figure 4c, and cell association method is aligned with the assumptions in N=2 cases.

Similar to the N=2 case, for the first virtualization, two vertical TXRUs are mapped with independent down tilt angles. And for the second virtualization, each CSI-RS port is mapped to 2 vertical TXRUs with a DFT vector. The virtualization vector is static and wideband.
The detailed TXRU virtualization weights and CSI-RS to TXRU virtualization are listed as following:
· TXRU virtualization weights
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For N = 4 cases, there are total 2 vertical TXRUs in one column. The first TXRU is mapped to 4 antenna elements with down tilt angel A and the second TXRU is mapped to 4 antenna elements with down tilt angle B as shown in Figure 5.
Figure 5 TXRU virtualization for N = 4 cases
· CSI-RS port to TXRU virtualization
There is one vertical CSI-RS port in one column for N = 4 cases. This CSI-RS port is mapped to 2 

vertical TXRUs with one DFT vector as shown in Figure 6. In order to model this DFT vector,  the following vector form with explicit phaseΦ is adopted in the simulation. 
[image: image14.emf]Ant. 

Port

TXRU


[image: image8.wmf]12

exp((1)cos()), 1,2

2

mv

wjmdm

p

l

=--F=


Figure 6  Antenna ports virtualization with phaseΦ
3 Baseline performance for 16 TXRUs 
3.1 16TXRU performance evaluation in Case 1 (3D UMa with 200 m ISD)
In this subsection, we give the evaluation results of 16TXRU in case 1. The two down tilts of the first stage for N = 4 case are separately 104 degrees, 104 degrees and the simulative phaseΦ for the second stage is 120 degrees. 

For N = 2 case, the two down tilts of the first stage are separately 104 degrees, 104 degrees and the simulative phase Φ for the second stage is 133 degrees.
In the simulation, non-ideal channel estimation and interference modelling are assumed. In addition, user arrival rate and the corresponding statistical RU are given in the following table for the purpose of calibration. 

Table 1 16TXRU Performance evaluation for N =4 with Rel.10 8Tx codebook in case 1
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU

	Low: 20%
	1.48 
	3.92 
	3.79 
	1.7 
	19% 

	Medium: 50%
	0.67 
	2.19 
	2.41 
	3.2 
	48% 

	High: 70%
	0.47 
	1.58 
	1.85 
	4 
	68% 


Table 2 16TXRU Performance evaluation for N =2 with Rel.10 8Tx codebook in case 1
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU

	Low: 20%
	1.28 
	3.57 
	3.59 
	1.6 
	20% 

	Medium: 50%
	0.57 
	1.85 
	2.15 
	2.8 
	49% 

	High: 70%
	0.32 
	1.24 
	1.55 
	3.8 
	72% 


3.2 16TXRU performance evaluation in Case 2 (3D UMa with 500 m ISD)
In this subsection, we give the evaluation results of 16TXRU in case 2. The two down tilts of the first stage for N = 4 case are separately 101 degrees, 101 degrees and the simulative phaseΦ for the second stage is 114 degrees. 

For N = 2 case, the two down tilts of the first stage are separately 101 degrees, 101 degrees and the simulative phaseΦ for the second stage is 131 degrees. In the simulation, non- ideal channel estimation and interference modelling are assumed. 

Table 3  16TXRU Performance evaluation for N =4 with Rel.10 8Tx codebook in case 2
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU

	Low: 20%
	1.16 
	2.97 
	3.12 
	1.4 
	20% 

	Medium: 50%
	0.59 
	1.96 
	2.27 
	3 
	50% 

	High: 70%
	0.42 
	1.55 
	1.87 
	4.1 
	68% 


Table 4  16TXRU Performance evaluation for N =2 with Rel.10 8Tx codebook in case 2
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU

	Low: 20%
	0.86 
	2.92 
	3.12 
	1.2 
	20% 

	Medium: 50%
	0.54 
	1.78 
	2.09 
	2.4 
	49% 

	High: 70%
	0.3 
	1.38 
	1.71 
	3.2 
	68% 


3.3 16TXRU performance evaluation in Case 3 (3D UMi with 2GHz)
In this subsection, we give the evaluation results of 16TXRU in case 3. The two down tilts of the first stage for N = 4 case are separately 100 degrees, 100 degrees and the simulative phaseΦ for the second stage is 112 degrees.
For N = 2 case, the two down tilts of the first stage are separately 98 degrees, 102 degrees and the simulative phaseΦ for the second stage is 130 degrees.

The non-ideal channel estimation and interference modelling are assumed. 
Table 5   16TXRU Performance evaluation for N =4 with Rel.12 8Tx codebook in case 3
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU

	Low: 20%
	1.12 
	3.02 
	3.25 
	1.6 
	23% 

	Medium: 50%
	0.63 
	2.02 
	2.37 
	3.2 
	50% 

	High: 70%
	0.43 
	1.54 
	1.92 
	4 
	68% 


Table 6   16TXRU Performance evaluation for N =2 with Rel.12 8Tx codebook in case 3
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU

	Low: 20%
	1.30 
	3.42 
	3.51 
	1.5 
	20% 

	Medium: 50%
	0.64 
	2.03 
	2.36 
	2.6 
	47% 

	High: 70%
	0.37 
	1.3 
	1.69 
	3.7 
	70% 


4 Conclusions

In this contribution, the detailed descriptions of category 2 for 16TXRU baseline evaluations are provided, and the corresponding performance evaluation results are given. 
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Appendix: Details of Simulation Assumptions
	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	4/8 horizontal antenna ports, 1 vertical antenna port with 8 antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension 

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa, 3D-UMi

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8Tx codebook

	Scheduler
	PF 

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 for FDD case

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

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

	Handover margin
	3 dB

	Wrapping
	Geographical distance based 
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