[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #78bis                                                  	R1-144385
Ljubljana, Slovenia, 6th – 10th October 2014
______________________________________________________________________Agenda item: 7.3.3.2
Source: LG Electronics
Title: Scenarios and evaluation methodology for EB and FD-MIMO
Document for: Discussion and Decision
1. Introduction
In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved. The objective of this study item is to understand the performance benefit of EB/FD-MIMO compared with Rel-12 downlink MIMO. For the purpose of evaluating the performance between a baseline scheme and an enhanced scheme, it needs to determine scenarios and evaluation methodology. From RAN1#72 to RAN1#78, 3D channel model has been made to evaluate 3D MIMO scenarios. Based on the model, deployment scenarios and evaluation methodology for this study are discussed in this contribution.

2. Discussions
2.1. Deployment scenarios
For homogeneous network, it is typically considered to assume “hexagonal grid, 19 sites with 3 sectors per each site”, and it can also be applied for elevation beamforming and FD-MIMO simulations. For heterogeneous network, it is desirable to consider the deployment scenario recently used in small cell enhancements in [2], where representative deployment scenarios are small cell scenario 1 for co-channel band between macro and small cells, and small cell scenario 2a for different frequency band between macro and small cells. Although there exist other scenarios such as small cell scenario 2b for considering indoor hotspot, it seems more proper to choose scenarios where small cells are installed outdoor for the EB/FD-MIMO studies. In addition, it is beneficial to see the effect of managing interference between macro and small cells, especially for the case where macro cells are equipped with 2D-AAS and small cells are not equipped with 2D-AAS. In this regard, considering co-channel band between macro and small cells, small cell scenario 1 is desired to be chosen as a deployment scenario for heterogeneous network in this study. 
Note for the small cell scenario 1, we can down-select some parameters such as the total 7 macro sites, 1 cluster per macro cell geographical area, and 4 small cells per cluster considering simulation complexity, since the 3D channel model with a large number of antennas needs to be incorporated into the layout of small cell scenario 1.
Proposal 1: Consider two deployment scenarios for EB/FD-MIMO study, which follows layout of 3D-UMa for homogeneous network, and layout of small cell scenario 1 for heterogeneous network.

2.2. Antenna configuration




This study item aims to see the performance benefit of EB and FD-MIMO compared to Rel-12 downlink MIMO. For fair comparison, it is desirable to set the total number of antenna elements to the same number for baseline scheme as well as enhanced scheme. In the 3D channel model study, we have already chosen 10 vertical antenna elements with 0.5lambda spacing as a baseline to make a similar beam pattern to that of TR36.814. However, if 10 vertical antenna elements are applied for FD-MIMO, it seems to be difficult to design codebook. For example, if codebook for vertical antenna is designed by DFT matrix, 10 codewords are generated where is the oversampling factor. It is difficult for this number to be transformed into bit size. Also, although the antenna pattern of 3D channel model is intended to be similar to TR36.814 antenna model, antenna gains of two models are different. The antenna gain of 3D channel model is  and the antenna gain we have simulated with TR36.814 is 17dBi. If we use 8 antenna elements, antenna gain is well matched to the previous antenna gain, which can be calculated as. 
To investigate more about antenna configuration, we evaluate throughput results for different antenna configurations. In Tables 1 and 2, 5% UE throughput and average sector throughput are described for 3D UMa and 3D UMi scenarios, respectively. In these tables, ‘Ant’ and ‘Sp’ represent the number of antenna, and antenna spacing, respectively. Detailed evaluation assumptions are given in Annex A. We can see in these results that ‘10Ant, 0.5Sp’ and ‘8Ant, 0.64Sp’ have very similar performance for both 5% UE throughput and average sector throughput. On the other hand, the performance gaps between ‘10Ant, 0.5Sp’ and the other cases are more than 10% at the 5% UE throughput for 3D UMa case. This is mainly due to different beam width of main beam and different side lobes.
Table 1: 5% UE and average sector throughput in 3D UMa case for different antenna configurations
	
	5% UE Throughput (bps/Hz)
	Average sector Throughput (bps/Hz)

	10Ant, 0.5Sp
	0.0590 (100.0%)
	2.0630 (100.0%)

	8Ant, 0.64Sp
	0.0573 (97.1%)
	2.0660 (100.1%)

	8Ant, 0.5Sp
	0.0516 (87.4%)
	1.9071 (92.4%)

	8Ant, 0.8Sp
	0.0447 (75.8%)
	1.8380 (89.1%)



Table 2: 5% UE and average sector throughput in 3D UMi case for different antenna configurations
	
	5% UE Throughput (bps/Hz)
	Average sector Throughput (bps/Hz)

	10Ant, 0.5Sp
	0.0523 (100.0%)
	2.0692 (100.0%)

	8Ant, 0.64Sp
	0.0524 (100.2%)
	2.0603 (99.6%)

	8Ant, 0.5Sp
	0.0539 (103.1%)
	2.0709 (100.1%)

	8Ant, 0.8Sp
	0.0510 (97.5%)
	2.0093 (97.1%) 


With the above descriptions and observations, we propose using 8 vertical antenna elements with 0.64 lambda spacing as a mandatory assumption applied to evaluations for Rel-12 downlink MIMO, EB and FD-MIMO. 
Since the number of TXRUs is 8 for Phase 1 evaluation and the associated antenna ports constitute a horizontal array, it may also be desirable to set the number of horizontal antenna elements to be 8 in order to align the assumption. 
Proposal 2: For macro-cell antenna configuration, vertical antenna array is assumed to have 8 antenna elements with 0.64 lambda spacing, and horizontal antenna array is assumed to have 8 antenna elements with 0.5 lambda spacing for evaluations of Rel-12 downlink MIMO, EB and FD-MIMO.

In what follows, we discuss the number of TXRUs for the evaluation assumption of Rel-12 downlink MIMO and EB/FD-MIMO. In this SI, {8, 16, 32, 64} is considered as the candidate number of TXRUs. It has been already decided that 8 TXRUs are used for the evaluation of Rel-12 downlink MIMO. Then, for EB and FD-MIMO, it is necessary to simulate system performance when each macro cell is equipped with 16, 32, or 64 TXRUs. Observation on performance gaps according to the different assumptions of the number of TXRUs would further provide insights on practical implementation of TXRUs at the base station. Specifically, by utilizing 64 TXRUs, dynamic elevation and horizontal beam can be generated and controlled for FD-MIMO operations, and we can see the maximal performance gain of FD-MIMO compared to Rel-12 baseline scheme. Also, using 16 or 32 TXRUs, we can envision beam sectorization or limited beam control, and it can be seen from these schemes how much system performance gains are expected to be achieved with lesser number of TXRUs than the total number of antenna elements.
Virtualization of antenna elements per single TXRU when applied is desired to be the same as used in 3D-channel modeling calibrations as follows [3]:

where m=1,…,K.   is the electrical vertical steering angle defined between 00 and 1800 
(900 represents perpendicular to the array). In the equation, the value K is 1 for the 64 TXRU case, and can be 8 for the 8, 16, and 32 TXRU cases.
Proposal 3: Virtualization of antenna elements per single TXRU when applied is desired to be the same as used in 3D-channel modeling calibrations.

2.3. Target operating frequency range
In the 3D channel model SI, channel parameters are designed based on WINNER II project and WINNER+ project. Then, WINNER II channel models are applicable for 2~6GHz, and WINNER+ channel models are applicable for 450MHz~6GHz. However, these channel models had not considered UE’s height and distance between BS and UE. In order to design height and distant dependent channel model, some companies have conducted measurements for the limited frequency region. Currently, the applicable range of the 3GPP 3D-channel model is at least for 2-3.5 GHz [3]. The other range has not been checked yet. As frequency range is getting higher, rays have more tendency to go straight, and the angle of spread and delay spread may be changed. Thus, it would be desirable to consider the target operating frequency range over 3.5GHz, after studying channel model in higher frequency range afterwards.
Proposal 4: It would be desirable to consider the target operating frequency range over 3.5GHz, after studying channel model in higher frequency range afterwards.

3. Conclusion
In this contribution, we discussed scenarios and assumptions for EB and FD-MIMO evaluations. The proposals based on the discussion are given as follow:
Proposal 1: Consider two deployment scenarios for EB/FD-MIMO study, which follows layout of 3D-UMa for homogeneous network, and layout of small cell scenario 1 for heterogeneous network.
Proposal 2: For macro-cell antenna configuration, vertical antenna array is assumed to have 8 antenna elements with 0.64 lambda spacing, and horizontal antenna array is assumed to have 8 antenna elements with 0.5 lambda spacing for evaluations of Rel-12 downlink MIMO, EB and FD-MIMO.
Proposal 3: Virtualization of antenna elements per single TXRU when applied is desired to be the same as used in 3D-channel modeling calibrations.
Proposal 4: It would be desirable to consider the target operating frequency range over 3.5GHz, after studying channel model in higher frequency range afterwards.
______________________________________________________________________
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 Annex A: Simulation assumptions
Table 3: Simulation assumptions
	Scenarios 
	3D-UMa, 3D-UMi 

	BS antenna configurations 
	1) K=M=10, N=2, 0.5λ H/0.5λ V, 
2) K=M=8, N=2, 0.64λ H/0.5λ V, 
3) K=M=8, N=2, 0.5λ H/0.5λ V, 
4) K=M=8, N=2, 0.8λ H/0.5λ V, 
X-pol (+/-45), θetilt = 12 degrees

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

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

	Carrier Frequency 
	2GHz 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per cell
	10

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

	UE speed
	3km/h

	Polarized antenna modeling 
	Model 1 in [3] 

	UE array orientation 
	ΩUT,α  uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree 

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	Full buffer

	Scheduler 
	PF, 1 UE per TTI allocation 

	Receiver 
	Ideal channel estimation 

	
	Ideal interference modeling 

	
	MMSE-IRC receiver 

	Interference model 
	Ideal interference from PDSCH which can be measured from IMR

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUCCH 3-1 

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook 

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, SU-MIMO with rank adaptation

	Interference model
	Ideal interference from PDSCH, can be measured from IMR

	Wrapping method
	Geographical distance based 

	Handover margin
	0 dB 
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