
3GPP TSG RAN WG1 Meeting #81

R1-153399
Fukuoka, Japan, 25th - 29th May 2015
Source:
CATT
Title:
Evaluation of beamformed CSI-RS with subarray TXRU mapping 
Agenda Item:
6.2.5.2.2
Document for:
Discussion and Decision

1. Introduction

The study item on elevation beamforming and FD-MIMO was approved in the 3GPP RAN#65 meeting [1]. It was agreed to provide a baseline scheme for comparison in RAN1#79 meeting. A baseline scheme is considered to have no impact to Rel-12 specification and providing the best tradeoff among various factors, e.g., performance, complexity, overhead, etc achievable using Rel-12 specifications. In RAN1#80 meeting, four baseline categories were agreed for performance evaluation as below:

· 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 3GPP RAN1#80bis meeting, it has been agreed to adopt Cat.2 as the default baseline for FDD system. In this contribution, Cat.2 vertical sectorization with sub-array TXRU mapping is discussed, and the performance of vertical sectorization with 16 TXRU-64 TXRU is evaluated. In a companion contribution [2], vertical sectorization with fully-connected TXRU mapping is also studied and evaluated.
2. CSI-RS beamforming
A number of CSI-RS resources targeting different elevation directions are transmitted in a cell. Reference signal of a CSI-RS resource is beamformed with a weighting vector forming a CSI-RS beam. CSI-RS beams are designed to cover most UEs in elevation domain. An example is shown in Figure 1 where four CSI-RS beams are generated. 
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Figure 1: Illustration of CSI-RS beams
The nth CSI-RS resource has multiple antenna ports arranged in the horizontal domain. Reference signal of an antenna port is mapped to one column of the antenna array, and weighted by the beamforming weight for the nth CSI-RS resource Wn. The process is illustrated in Figure 2. For an N2xN1 array, a CSI-RS resource has N1 antenna ports. A UE estimates channel from its configured CSI-RS resource and calculates CSI including CQI/PMI/RI. The calculated CSI reflects CSI in horizontal domain after elevation domain beamforming with Wn. Denote the calculated precoding matrix as V, and then the precoding matrix for overall antenna array can be calculated as 
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 where Wn is the beamforming weight for the configured CSI-RS resource. The calculated CQI can correctly reflect the channel quality of transmission from the whole array as the CSI-RS is already beamformed in vertical domain. It is also possible to arrange the CSI-RS beamforming pattern such that virtualized CSI-RS antenna ports are arranged in both horizontal and elevation domains.
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Figure 2: CSI-RS transmission
To enable UE to estimate CSI information regarding both horizontal and vertical antenna array, each UE is configured with one CSI-RS resource depending on its position in the cell. In practical implementation, CSI-RS resource for a UE could be selected based on measurement on uplink in TDD or RSRP report in FDD. By collecting RSRP for a number of CSI-RS beams reported by UE, the eNodeB could, for example, select the beam with the highest RSRP for UE. 
DRS-based measurement introduced in Rel-12 could be employed to facilitate RSRP measurement and reporting on beamformed CSI-RS. A number of DRS which are beamformed in the same way as those CSI-RS for CSI reporting are configured to a UE. Those DRS comprise of single CSI-RS port according to Rel-12 specification. UE measures and reports RSRP on the configured DRS. eNodeB is then able to select and configure a appropriate CSI-RS for UE to carry out CSI reporting.
3. Evaluation results

In this section, performance of FD-MIMO based on beamformed CSI-RS transmission is evaluated. Four scenarios are considered in this evaluation: 3D UMi with 2GHz frequency(3D-UMi), 3D UMa with 2GHz frequency and ISD 500m(3D-UMa), 3D UMa with 2G frequency and ISD 200m(3D-UMa-200m), 3D UMi with 3.5GHz frequency (3D-UMi-3.5GHz). Three antenna configurations (M, N, P, Q) = (8, 4, 2, 16), (8, 4, 2, 32), (8, 4, 2, 64) are deployed. 
Beamforming vectors for CSI-RS transmission are designed as DFT vectors and 8 CSI-RS beams are transmitted in a cell. According to UE distribution, CSI-RS beams are designed to match direction in [70, 110] degree and [90, 120] degree in 3D-UMi and 3D-UMa scenario respectively. In 3D-UMa-200m scenario, same CSI-RS beams to 3D-UMa scenario are used. In 3D-UMi-3.5GHz scenario, the same CSI-RS beams to 3D-UMi scenario are used. The beams are arranged as evenly as possible in elevation domain. Detailed beam directions are listed in Table I. 

Table I: Down tilt values of CSI-RS beams

	Number of CSI-RS beams
	Down tilt values for 3D-UMi/3D-UMi-3.5GHz (degree)
	Down tilt values for 3D-UMa/3D-UMa-200m (degree)

	N = 8
	75.5, 82.8, 86.4, 90, 93.6, 97.2, 100.8, 108.2
	90, 93.6, 97.2, 100.8, 104.5, 108.2, 112, 115.9


Each UE is configured with one beamformed CSI-RS resource for feedback purpose. The CSI-RS is chosen from all available CSI-RS based on UE measurements of RSRP. The measurement is based on DRS with single port and the periodicity of DRS is 480ms. Though only one CSI-RS resource is configured for a UE, the other CSI-RS in the cell shall be configured as Zero-power CSI-RS for the UE to perform rate matching. Other detailed simulation assumptions could be found in Table A1.
The CSI-RS channel estimation error model in several LTE studies has assumed an additive white noise model where
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is the estimated channel from the CSI-RS pilot, SINR is experienced SINR of each port, 
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is the actual channel and 
[image: image7.wmf]E

is additive white Gaussian noise of covariance 
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 is used to capture processing gain of channel estimation algorithm, and 
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dB in this simulation. SINR is determined by transmission power of the reference signal, path loss, as well as interference. Furthermore, to reduce inter-cell interference on CSI-RS transmission,  it is assumed that the same NZP CSI-RS resource configuration is used in all cells. In this case, the interference to NZP CSI-RS only comes from the beamformed CSI-RS transmission in neighboring cells.
3.1. TXRU virtualization

16 TXRU
For antenna configuration (M, N, P, Q) = (8, 4, 2, 16), there are 16 TXRU in total. There are two TXRU per column per polarization. A TXRU is virtualized to four adjacent antenna elements in the same column in the same polarization. Virtualization weight is obtained from DFT vectors with tilt values of 100 degree for 3D-UMa, 3D-UMi, 3D-UMi-3.5GHz scenarios, and 104 degree for 3D-UMa-200m scenario.

32 TXRU

For antenna configuration (M, N, P, Q) = (8, 4, 2, 32), there are 32 TXRU in total. There are four TXRU per column per polarization. A TXRU is virtualized to two adjacent antenna elements in the same column in the same polarization. Virtualization weight is obtained from DFT vectors with tilt values of 100 degree for 3D-UMa, 3D-UMi, 3D-UMi-3.5GHz scenarios, and 104 degree for 3D-UMa-200m scenario.

64 TXRU

For antenna configuration (M, N, P, Q) = (8, 4, 2, 64), there are 64 TXRU in total. Each TXRU is mapped to an antenna element.

3.2. Results for FTP traffic

In this section, results of FTP traffic with different level of user arrival rate are presented. User arrival rate
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=2, 
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=4, and 
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=5 approximately lead to 20%, 50%, and 70% resource utilization for Phase I MIMO scheme.  Detailed results are shown in Table II to IV. The following observations could be made from the evaluation results:
· The gain of CSI-RS beamforming over Phase I MIMO is very significant and the gain increases as traffic load increases.
· 32TXRU could achieve most of the gain of 64TXRU. 16 TXRU also provides significant gain.
Table II: Performance of FD MIMO, FTP traffic, 
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	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Phase I
	9.94 
	0.0%
	29.59 
	0.0%
	34.95 
	0.0%
	21.3%

	
	16TXRU
	13.23 
	33.2%
	32.25 
	9.0%
	35.52 
	1.6%
	17.6%

	
	32TXRU
	14.57 
	46.7%
	35.12 
	18.7%
	36.46 
	4.3%
	17.3%

	
	64TXRU
	14.91 
	50.0%
	37.25 
	25.9%
	37.09 
	6.1%
	16.6%

	3D-UMi
	Phase I
	13.15 
	0.0%
	34.03 
	0.0%
	37.44 
	0.0%
	18.6%

	
	16TXRU
	14.53 
	10.5%
	39.33 
	15.6%
	37.51 
	0.2%
	17.2%

	
	32TXRU
	16.63 
	26.5%
	43.72 
	28.5%
	39.63 
	5.9%
	15.5%

	
	64TXRU
	17.43 
	32.6%
	45.43 
	33.5%
	40.42 
	8.0%
	14.7%

	3D-UMa

(200m)
	Phase I
	14.53 
	0.0%
	37.19 
	0.0%
	38.43 
	0.0%
	17.2%

	
	16TXRU
	14.39 
	-1.0%
	35.44 
	-4.7%
	36.45 
	-5.2%
	17.3%

	
	32TXRU
	16.29 
	12.1%
	40.32 
	8.4%
	38.17 
	-0.7%
	16.3%

	
	64TXRU
	16.80 
	15.6%
	42.44 
	14.1%
	39.11 
	1.7%
	15.2%

	3D-UMi

(3.5GHz)
	Phase I
	10.97 
	0.0%
	31.22 
	0.0%
	36.11 
	0.0%
	20.1%

	
	16TXRU
	13.43 
	22.4%
	37.50 
	20.1%
	37.04 
	2.6%
	17.5%

	
	32TXRU
	16.21 
	47.7%
	43.59 
	39.6%
	39.33 
	8.9%
	15.5%

	
	64TXRU
	16.97 
	54.7%
	44.80 
	43.5%
	40.13 
	11.1%
	15.1%


Table III: Performance of FD MIMO, FTP traffic, 
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	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Phase I
	3.91 
	0.0%
	17.63 
	0.0%
	21.96 
	0.0%
	54.0%

	
	16TXRU
	5.36 
	37.1%
	19.09 
	8.2%
	22.81 
	3.8%
	49.3%

	
	32TXRU
	6.43 
	64.6%
	20.41 
	15.8%
	23.74 
	8.1%
	46.4%

	
	64TXRU
	6.94 
	77.7%
	21.79 
	23.6%
	24.88 
	13.3%
	43.7%

	3D-UMi
	Phase I
	4.93 
	0.0%
	20.02 
	0.0%
	23.70 
	0.0%
	50.7%

	
	16TXRU
	6.34 
	28.6%
	21.76 
	8.7%
	25.10 
	5.9%
	45.6%

	
	32TXRU
	8.79 
	78.2%
	26.23 
	31.0%
	28.97 
	22.3%
	38.3%

	
	64TXRU
	9.01 
	82.7%
	26.66 
	33.2%
	29.48 
	24.4%
	37.5%

	3D-UMa

(200m)
	Phase I
	5.04 
	0.0%
	19.34 
	0.0%
	23.09 
	0.0%
	51.0%

	
	16TXRU
	6.30 
	24.9%
	20.54 
	6.2%
	23.62 
	2.3%
	47.3%

	
	32TXRU
	7.85 
	55.7%
	23.54 
	21.8%
	26.30 
	13.9%
	41.4%

	
	64TXRU
	8.62 
	71.1%
	24.56 
	27.0%
	27.27 
	18.1%
	39.9%

	3D-UMi

(3.5GHz)
	Phase I
	3.91 
	0.0%
	17.63 
	0.0%
	21.77 
	0.0%
	54.4%

	
	16TXRU
	6.23 
	59.2%
	21.65 
	22.8%
	25.08 
	15.2%
	46.1%

	
	32TXRU
	8.65 
	121.0%
	25.80 
	46.3%
	28.75 
	32.1%
	38.7%

	
	64TXRU
	8.96 
	129.0%
	26.44 
	49.9%
	29.27 
	34.4%
	38.0%


Table IV: Performance of FD MIMO, FTP traffic, 
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	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Phase I
	2.22 
	0.0%
	11.98 
	0.0%
	16.47 
	0.0%
	71.1%

	
	16TXRU
	3.48 
	57.1%
	13.27 
	10.8%
	17.27 
	4.9%
	67.1%

	
	32TXRU
	3.97 
	78.9%
	14.59 
	21.8%
	18.41 
	11.8%
	62.7%

	
	64TXRU
	4.31 
	94.5%
	15.18 
	26.7%
	19.06 
	15.7%
	61.6%

	3D-UMi
	Phase I
	2.38 
	0.0%
	11.79 
	0.0%
	15.99 
	0.0%
	71.9%

	
	16TXRU
	4.10 
	72.5%
	16.21 
	37.4%
	19.98 
	24.9%
	62.2%

	
	32TXRU
	6.16 
	159.1%
	20.29 
	72.0%
	23.91 
	49.5%
	52.5%

	
	64TXRU
	6.90 
	190.6%
	21.94 
	86.1%
	25.33 
	58.4%
	49.7%

	3D-UMa

(200m)
	Phase I
	2.12 
	0.0%
	10.74 
	0.0%
	14.68 
	0.0%
	74.3%

	
	16TXRU
	3.86 
	81.8%
	14.40 
	34.1%
	17.76 
	21.0%
	64.8%

	
	32TXRU
	5.47 
	157.3%
	17.63 
	64.2%
	20.83 
	41.9%
	56.8%

	
	64TXRU
	6.13 
	188.4%
	18.97 
	76.7%
	22.15 
	50.8%
	53.9%

	3D-UMi

(3.5GHz)
	Phase I
	2.24 
	0.0%
	11.54 
	0.0%
	15.82 
	0.0%
	72.9%

	
	16TXRU
	4.07 
	81.6%
	15.14 
	31.3%
	19.12 
	20.8%
	63.2%

	
	32TXRU
	5.94 
	164.9%
	19.91 
	72.6%
	23.34 
	47.5%
	53.1%

	
	64TXRU
	6.79 
	203.0%
	21.79 
	88.9%
	25.03 
	58.2%
	49.4%


3.3. Results for full buffer traffic

Detailed evaluation results for fullbuffer traffic could be found in Table V. The following observations could be made from the evaluation results:
· With CSI-RS beamforming, 64 TXRU provides at least 35% cell edge and about 25% cell average gain over Phase I in all scenarios. 
· 32TXRU could achieve most of the gain of 64TXRU.
· In 3D-UMa and 3D-UMi-3.5GHz scenarios, 16 TXRU achieve about 10% gain on cell edge user spectral efficiency and cell average spectral efficiency, while there is also 10% cell average spectral efficiency for other scenarios.
Table V: Performance of FD MIMO, full buffer traffic
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	3D-UMa
	Phase I
	0.058 
	0.0%
	3.24 
	0.0%

	
	16TXRU
	0.068 
	16.7%
	3.55 
	9.7%

	
	32TXRU
	0.076 
	31.6%
	3.92 
	21.0%

	
	64TXRU
	0.079 
	35.8%
	4.01 
	23.9%

	3D-UMi
	Phase I
	0.062 
	0.0%
	3.24 
	0.0%

	
	16TXRU
	0.064 
	3.0%
	3.64 
	12.5%

	
	32TXRU
	0.086 
	39.6%
	4.39 
	35.4%

	
	64TXRU
	0.094 
	52.0%
	4.67 
	44.1%

	3D-UMa

(200m)
	Phase I
	0.058 
	0.0%
	3.23 
	0.0%

	
	16TXRU
	0.061 
	4.3%
	3.53 
	9.4%

	
	32TXRU
	0.077 
	32.4%
	4.26 
	32.1%

	
	64TXRU
	0.087 
	48.7%
	4.47 
	38.5%

	3D-UMi

(3.5GHz)
	Phase I
	0.062 
	0.0%
	3.24 
	0.0%

	
	16TXRU
	0.068 
	10.1%
	3.61 
	11.6%

	
	32TXRU
	0.087 
	41.5%
	4.31 
	33.3%

	
	64TXRU
	0.096 
	54.9%
	4.56 
	40.9%


4. Conclusion 

In this contribution, elevation beamforming and FD-MIMO implementation based on beamformed CSI-RS transmission is studied. Evaluation results for Cat.2 baseline show that this simple implementation scheme provides significant performance gain over the Phase 1 scheme.
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6. Appendix

Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space

Vertical: 8 elements, 0. 8
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space

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD, and 3D-UMa with 200mISD, 3D-UMi with 3.5G frequency

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz, 3.5GHz

	UEs per cell
	10 for full buffer

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

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Transmission scheme
	SU/MU dynamic switching, maximum 8 UEs for MU 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB, CSI-RS overhead depends on the number of CSI-RS beams configured in a cell

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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