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1. Introduction

The study item on elevation beamforming and full dimension MIMO [1] was agreed in 3GPP RAN#65. In RAN#78bis, a set of simulation scenarios and assumptions were agreed in [2], and two options for antenna models were defined in [3]. In this contribution, we present details of baseline AAS schemes up to Rel 12 and provide some simulation results for different antenna configurations of the 2D antenna array system. Details of simulation assumptions are listed in the Appendix.
2. Simulation Assumptions
In these simulations, we considered a 2-D antenna array with several columns of cross-polarized antenna array. In each column, the electrical tilt is applied by using the antenna weights as follows:
For sub-array connection mode:
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For full connection mode:
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where k and m are the indices of the antenna elements of each TXRU, and m’ is the index of TXRU. We consider the following configurations:
· Configuration 1: (M,N,P,Q) = (8,2,2,4);  1 vertical TXRU per polarization by vertical subarray partitioning each having an 8 element DFT over adjacent vertical antenna elements with tilt 102 degrees (UMa and UMi). This configuration, which is similar to a conventional 4Tx passive antenna array, is used as the reference for other configurations of (M,N,P,Q).
· Configuration 2: (M,N,P,Q) = (8,2,2,8);  2 vertical TXRUs per polarization by vertical subarray partitioning, each having a 4 element DFT over adjacent vertical antenna elements with tilt 102 degrees (UMa and UMi).
· Configuration 2a: (M,N,P,Q) = (8,2,2,8);  2 vertical TXRUs per polarization by full connection where each TXRU has an 8 element DFT over adjacent vertical antenna elements with tilt (dt1,dt2) degrees for two vertical TXRU respectively.

UMi:  (dt1,dt2) = ( 80,105); 

UMa: (dt1,dt2) = (100,110).
· Configuration 3: (M,N,P,Q) = (8,2,2,16); 4 vertical TXRUs per polarization by vertical sub-array partitioning, each having a 2 element DFT over adjacent vertical antenna elements with tilt 102 degrees (UMa and UMi).
· Configuration 3a: (M,N,P,Q) = (8,2,2,16); 4 vertical TXRUs per polarization by full connection where each TXRU has an 8 element DFT over adjacent antenna elements with tilt (dt1,dt2,dt3,dt4) degrees for four vertical TXRU respectively.

UMi:  (dt1,dt2,dt3,dt4) = ( 75, 90,110,115);
UMa: (dt1,dt2,dt3,dt4) = ( 95,105,112,120).
· Configuration 4: (M,N,P,Q) = (8,4,2,8);  1 vertical TXRU per polarization by vertical sub-array partitioning, each having an 8 element DFT over adjacent vertical antenna elements with tilt 102 degrees (UMa and UMi).

3. Evaluation Results
3.1 Full buffer simulation

The simulation results for full buffer traffic based on channel reciprocity are presented in Table 1. Both UMa and UMi at 2GHz are considered.  The detailed simulation results are given in the Appendix. 
Table 1. Cell Average and 5 % UE SE 
	MIMO Schemes (M,N,P,Q)
	UMa (ISD 500m)
	UMi (ISD 200m)

	Spectrum efficiency

[bits/s/Hz]
	Config. 1
(8,2,2,4)
	Average
	2.65 (100%)
	2.59 (100%)

	
	
	5% UE
	0.043 (100%)
	0.059 (100%)

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

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

	
	Config. 2a
(8,2,2,8)
	Average
	3.07 (+15.91%)
	2.25 (-13.30%)

	
	
	5% UE
	0.068 (+57.45%)
	0.051 (-12.81%)

	
	Config. 3
(8,2,2,16)
	Average
	2.79 (+5.28%)
	3.11 (+20.08%)

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

	
	Config. 3a
(8,2,2,16)
	Average
	1.57 (-40.93%)
	1.71 (-33.95%)

	
	
	5% UE
	0.032 (-24.47%)
	0.026 (-56.54%)

	
	Config. 4
(8,4,2,8)
	Average
	3.1 (+16.98%)
	3.08 (+18.92%)

	
	
	5% UE
	0.08 (+86.05%)
	0.082 (+38.98%)


Based on Table 1, we have following observations:

Observation 1:  Introducing vertical TXRU/port seems to be beneficial mostly for cell edge users because the inter-cell interference can be mitigated by vertical beamforming more or less depending on scenarios and UE dropping.

Observation 2: Comparing 3D UMa and 3UMi by using EB/FD beamforming, 3D UMa can obtain higher cell edge performance gain and 3D UMi can obtain higher cell average performance gain

Observation 3: The optimization of downtilt angles is critical for full connection based AAS antenna modelling and vertical sectorization, for example configuration 2a and 3a. Otherwise, the higher the sectorization order, the higher the performance loss.   

Observation 4: Introducing horizontal TXRU seems to be better than introducing vertical TXRU. 

3.2 Non-full buffer simulation

In this section, non-full buffer simulations are performed. FTP model 1 is used to generate bursty traffic with two different user arrival rates λ to achieve medium and high RU.  The simulation results are summarized in Table 2.  The same file arrival rate is assumed for all scenarios/cases. However, such an arrival rate does not give an identical RU across multiple scenarios and cases.  
Table 2  Non-full Buffer Performance Results
	Scenario
(M,N,P,Q)
	Medium RU (~50%)
	High RU (~70%)

	
	RU
	5%
	50%
	Mean
	RU
	5%
	50%
	Mean

	3D-UMa, 500m/2GHz
(8,2,2,4)
	32%
	7.46
	18.14
	19.42
	67%
	3.68
	12.82
	14.28

	3D-UMa, 500m/2GHz
(8,2,2,8)
	30%
	8.98
	18.57
	19.48
	63%
	4.66
	14.39
	15.62

	3D-UMa, 500m/2GHz
(8,2,2,16)
	29%
	9.28
	19.70
	19.88
	
	
	
	

	3D-UMi, 200m/2GHz
(8,2,2,4)
	41%
	6.56
	16.81
	17.79
	79%
	3.25
	12.08
	13.82

	3D-UMi, 200m/2GHz
(8,2,2,8)
	40%
	7.26
	17.37
	17.32
	68%
	4.04
	13.03
	14.56

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


4. Baseline Schemes

Configurations 1 and 4 of previous simulations represent basic AAS (or fallback) schemes which are close to conventional 4Tx and 8 Tx antenna array by mapping antenna elements per column per polarization into a single TXRU. Each TXRU can be mapped to into single CSI-RS port. 

The more complicated virtualization methods, for example configurations 2a and 3a, are vertical sectorization by using full connection antenna array modeling. More vertical sectors can be created by using more vertical TXRUs. The vertical sectorization has a certain complexity, for example the optimization of downtilting angles and dynamic adjusting according to traffic distribution. Our simulations suggest that a wrong setting can degrade the performance significantly. Such optimization can be even more complex with more vertical sectors and also in a real urban environment.  
For antenna array modeling with subarray partition, for example configurations 2 and 3, each antenna column is mapped into 2 and 4 TXRU respectively.  Configurations 2 and 3 have introduced vertical TXR and each TXRU is mapped into single CSI-RS port for downlink channel measurement.

For TDD system, 3D MIMO operation is based on channel reciprocity. The channel sensing at the eNB for all vertical and horizontal TXRUs are not much different.  Tables 2 and 3 have found that vertical TXRU can improve both cell average and cell edge performance. It would be reasonable to assume that the baseline scheme for TDD is based on channel reciprocity. 

For FDD system, the baseline schemes of 3D MIMO operation may have several candidates [4]:
· Alternative 1: 3D-MIMO based on precoded multiple CSI-RS resources

In this solution, a UE is configured in TM10 and monitors multiple CSI-RS resources. Each CSI-RS resource is transmitted by multiple vertical TXRUs on a column of the AAS and precoded to form a CSI-RS beam. The maximum number of beams is determined by the maximum number of CSI-RS resources configurable for the UE. The UE performs normal per-process CSI-RS measurement and feedback as it does not know the extra eNB side operation. Upon receiving the UEs’ feedback, the eNB selects the most suitable vertical precoding codeword for the PDSCH each UE. 
An example of this solution is illustrated in Figure 1 below. Each UE measures the power/ signal quality of the configured CSI-RSs (CSI-RSRP or CQI) and feeds them back to the eNB. The eNB selects the codeword corresponding to the maximum power for precoding the data to the UE.


[image: image3]
Figure 1 3D-MIMO based on precoded multiple CSI-RS

The above scheme ideally requires a UE to be TM10 capable to measure multiple CSI-RS RSRP. For UEs that do not support TM10 and can only monitor a single CSI-RS process, the eNB may transmit the CSI-RS with different precoders in time-rotation since only CSI-RS RSRP is needed from the eNB point of view.  For Alternative 1, the CSI-RSs can be precoded in baseband similarly as normal MIMO precoding and generally requiring multiple vertical TXRUs (at least 2 TXRUs for each CSI-RS process). 
· Alternative 2: 3D-MIMO based on 3D CSI reconstruction from separate 2D CSI 

In this solution, a UE is configured in TM10 and monitors two CSI-RS processes. Different from the previous solution where the multiple CSI-RSs are vertically precoded by different codewords, the two CSI-RSs in this solution are weighted by a cell specific weighting vector for coverage purposes, one by a vertical vector, and the other by a horizontal vector. The UE performs normal CSI measurement and reporting of PMI/CQI/RI for each CSI-RS process. Upon receiving the two sets of CSI reports, the eNB is responsible for differentiating the horizontal and vertical CSI reports according to its configuration (since the UE does not know which CSI process corresponds to the vertical vector and which to the horizontal vector. Then the eNB reconstructs 3D CSI from the reported 2D CSIs, performs 3D scheduling/link adaptation and generates a suitable 3D precoder for the PDSCH based on the reconstructed 3D CSI.
One example reconstruction approach is to obtain the 3D CSI from the Kronecker product of the two 2D CSIs, i.e.
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where 
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 denotes Kronecker product operation, subscript ‘h’ and ‘v’ denote horizontal and vertical, respectively, 
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 represents the CSI seen by each UE antenna element. The reconstructed 3D channel 
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 is an approximation of the real 3D channel. This approximation generally is more accurate when the correlation of 
[image: image8.wmf]h

h

 and 
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increases, for example in LoS. Given the above approximation and following the commuting rule of the Kronecker product, we have
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This equation indicates that the 3D precoder can be directly obtained from the two 2D PMI feedback reports from the UE, i.e.
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Following some mathematical derivation, it can be shown that the 3D CQI can be approximated by the two 2D independent CQI feedback reports from the UE, 


[image: image12.wmf]33

3

,3,3,3

,,,3

DD

D

iDiDND

i

hv

ihivND

i

hv

CQI

P

PP

PPP

CQICQI

=

+

=

+

»×

å

å

HW

HW


Note that if CQIs are in logarithmic scale, the 3D CQI can be approximated by the sum of the two separate 2D CQIs. This approximation provides a relatively conservative estimation of the 3D CQI.
For less capable UEs,  a single CSI-RS process can also be used, similar as described for Alternative 1, with the CSI-RS for horizontal and vertical measurement being transmitted alternately in turn and transparently to the UE (assuming that the numbers of horizontal and vertical ports are identical, e.g. V2H2). 
A key benefit of this Alternative 2 is that it can in principle support up to 64 antenna ports without any standards modification compared to Rel.12. It is also flexible to support any port-to-TXRU mapping scheme, such as V2H4, V4H2 and  V8H8. 
Therefore we have following proposals [5]: 
Proposal 1: RAN1 needs to discuss and consolidate the baseline schemes and corresponding simulation details, for example starting from Kronecker-product based scheme for FDD and channel-reciprocity based scheme for TDD.
5. Conclusions
In this contribution, we present our baseline performance results for full buffer and non-full buffer traffic. 
In the full buffer simulation, we have following observations:

Observation 1:  Introducing vertical TXRU/port seems to be beneficial mostly for cell edge users because the inter-cell interference can be mitigated by vertical beamforming more or less depending on scenarios and UE dropping.

Observation 2: Comparing 3D UMa and 3UMi by using EB/FD beamforming, 3D UMa can obtain higher cell edge performance gain and 3D UMi can obtain higher cell average performance gain

Observation 3: The optimization of downtilt angles is critical for full connection based AAS antenna modelling and vertical sectorization, for example configuration 2a and 3a. Otherwise, the higher the sectorization order, the higher the performance loss.   

Observation 4: Introducing horizontal TXRU seems to be better than introducing vertical TXRU. 

In the non-full buffer simulations, we notice the same user file arriving rate resulting in different resource utilization in different scenarios. It is necessary to align effective RU figures before valid comparisons can be made.
Therefore we have following proposals: 

Proposal 1: RAN1 needs to discuss and consolidate the baseline schemes and corresponding simulation details, for example starting from Kronecker-product based scheme for FDD and channel-reciprocity based scheme for TDD.
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Appendix: Simulation Assumptions 
Table A: Phase 1 Evaluation Assumptions
	Parameter
	Value

	Homogeneous scenarios
	3D-UMa with ISD = 500m in 2GHz, 46 dBm
3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modeling
	Model -2 from 36.873

	Duplex
	TDD

	Traffic model 
	Full Buffer

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

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	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 modeling

	
	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
	TDD, 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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