Page 1

3GPP TSG RAN WG1 Meeting #84bis















R1-163186
Busan, Korea, 11th - 15th April 2016
Source: 
Intel Corporation 
Title:
Performance evaluation of Class A codebooks with 32 ports
Agenda item:
    7.3.3.2.1
Document for:
Discussion and Decision
1 Introduction
In the RAN#70 meeting, a study item on Enhancements on Full-Dimension (FD) MIMO for LTE was approved [1]. One of the main objectives of the study item is the design Class A codebook(s) associated for newly supported number of CSI-RS ports for a subset of possible port layouts. In this contribution we provide evaluation results for codebook supporting 32 CSI-RS antenna ports for different 2D antenna port configurations using Rel-13 Class A codebook structure.
2 Discussion
In accordance to the Rel-14 SI objective, the number of CSI-RS antenna ports and the corresponding codebook for Class A FD-MIMO should be extended to {20, 24, 28, 32} values. In order to guide the codebook design in Rel-14 for the new number of antenna ports, the system level evaluation has been carried out for Class A codebook with 32 antenna ports. The evaluated Class A codebook inherit the Rel-13 codebook structure [2] by extending the parameter N1 or N2, while keeping the other codebook parameters such as grid of beam and oversampling values. For the reference the performance of Rel-13 Class A codebook with 16 antenna ports was used. In the comparison the number of the physical antennas are fixed to evaluate the benefits provided by the increased number of antenna ports. 
Figures 1a, 1b and 1c show the physical antenna and antenna port configurations that have been used in the evaluations of Class A codebook with 16 and 32 antenna ports. The comparison is provided assuming the following antenna port layouts:

· {4,2,2} and {8,2,2}
· {2,4,2} and {4,4,2}
· {2,4,2} and {2,8,2}
For evaluation the non-full buffer traffic model was used with a packet size of 0.5Mbytes. Three traffic loading factors were used to achieve the resource utilization of approximately 20%, 40% and 60%. The other simulation assumptions are provided in the Appendix.
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Figure 1: Antenna configurations used in the evaluation. 


In Table 1 and Table 2 the performance of Class A codebooks with 16 and 32 antenna ports is provided for {4,2,2} and {8,2,2} port layouts respectively (see Figure 1).
Table 1: Comparison of {4,2,2} and {8,2,2} port layouts performance in UMi scenario
[image: image2.png]Trafficload (A) low (1.8) medium (2.8) high (3.7)
Port layout
(Totsl numberof ports) | (%22 (16) | B221(32) | @220(16) | 8221(32) | 221 6) | B22H2)
Utaverage | Aversge | 3489 | 3504 (3%)| 2510 | 2641 (s%)| 1654 | 17.33 (5%
packet | s%ofcoF | 1233 | 1228 (0%)| 665 716 _(8%)| 315 3.46_(10%)
throughput, [ 50% of COF | 33.66 | 3513 (a%)| 2118 | 2301 (9%)| 1252 | 1298 (a%)
Mbps _[95%of CDF| 5570 | 5572 (0%)| 5547 | 5550 (0%)| aas6 | a771 (6%
RU 2% 2% 2% 39% 65% 63%





Table 2: Comparison of {4,2,2} and {8,2,2} port layouts performance in UMa scenario
[image: image3.png]Trafficload (A) low (1.5) medium (2.1) high (2.6)
Port layout
(Totsl numberof ports) | (%22 (16) | B221(32) | @220(16) | 8221(32) | 221 6) | B22H2)
UEaverage | Aversge | 3057 | 3109 (2%)| 23.08 | 2348 (2%)| 1709 | 1733 (1%
packet | s%ofcoF | 1015 | 988 -(3%)| 631 615 -(3%)| 376 3.04_(-9%)
throughput, [50% of COF | 28.13 | 2861 (2%)] 1901 | 1973 (a%)| 1294 | 1300 (2%)
Mbps [95%of CDF| 55.62 | 55.62 (0%)| 5529 | 5533 (0%)| 4697 | a7.40 (1%
RU 2% 20% 39% 36% ST% 54%





It can be seen that for selected antenna configuration and antenna port layout there is no significant performance gains between codebook for 16 and 32 antenna ports especially in UMa scenario. The beamforming flexibility provided by 16 antenna ports codebook with N1 = 4 antenna ports in the vertical dimension is already sufficient to harvest most of the vertical beamforming performance gains. 
A similar evaluation were carried out for Class A codebooks with 16 and 32 antenna ports and {2,4,2} and {4,4,2} antenna port layouts respectively. The results are provided in Table 3.
Table 3: Comparison of {2,4,2} and {4,4,2} port layouts performance in UMi scenario
 [image: image4.png]Trafficload (A) low (1.9) medium (3.0) high (4.0)
Port layout
(Total umberof ports) | 421016) | 842132 | 2.421016) | @a2kE2) | pa2iie) | BaaE2)
UEaverage | Average | 36.56 | 39.82 (9%)| 27.83 | 3134 (13%)| 1798 | 22.20 (23%)
packet | S%ofCoF | 1297 | 1591 (23%)| 7.6 964 (33%) 321 481 (50%)]
throughput, [ 50% of COF| 3562 | a1.10 (15%)| 2472 | 28.79 (16%)| 13.53 | 1837 (36%)|
Mbps _[95%of CDF| 5577 | 55.80 (0%)| 5558 | 5567 (0%)| 4994 | 55.25 (11%)
RU 2% 19% 39% 3% 65% 56%





Table 4: Comparison of {2,4,2} and {4,4,2} port layouts performance in UMa scenario
[image: image5.png]Trafficload (A) low (1.8) medium (26) high (3.5)
Port layout
(Total umberof ports) | 421016) | 842132 | 2.421016) | @a2kE2) | pa2iie) | BaaE2)
Utaverage | Average | 3309 | 3328 (1%)| 2522 | 2514 (0%)| 1587 | 1540 (:3%)
packet |s%ofcor | 1096 | 1131 (3%)| 683 688 (1%)| 289 3.06_(6%)
throughput, [ 50% of cOF| 3137 | 3190 (2%)| 2157 | 2126 -(1%)| 1173 | 1120 (-a%)|
Mbps _[95%of CDF| 5570 | 55.69 (0%)| 5547 | 5547 (0%)| 4394 | 4374 (0%)
RU 2% 2% 40% 2% 66% 7%





From Table 3 and Table 4 it can be seen that for selected antenna configuration and antenna port layout there is noticeable performance gains between codebook for 16 and 32 antenna ports only in UMi scenario. Increasing the number of antenna ports from N1 = 2 to N1 = 4 could provide noticeable performance improvement. For UMa scenario the beamforming flexibility provided by 16 antenna ports with N1 = 2 antenna ports in the vertical dimension is sufficient. Based in the discussion above the following observations can be made:
Observation:

· There is noticeable performance gains from increasing number of ports in vertical dimension from N1 = 2 to N1 = 4

· The beamforming flexibility provided by 16 antenna ports codebook with N1 = 4 antenna ports in the vertical dimension is already sufficient to harvest most of the vertical beamforming performance gains. Increasing N1 to 8 in the vertical dimension doesn’t significantly improve the performance.
A similar performance evaluation were conducted for Class A codebooks with 16 and 32 antenna ports and {2,4,2} and {2,8,2} antenna port layouts respectively (see Figure 1). The results are provided in Table 5 and 6.
Table 5: Comparison of {2,4,2} and {2,8,2} port layouts performance in UMi scenario
[image: image6.png]Trafficload (A) low (1.9) medium (3.0) high (4.0)
Port layout
(Total umberof ports) | 242119) | 2821(32) | a2 19) | 2821(32) | 421 6) | (282)(32)
Utaverage | Average | 4009 | 4135 (3%)| 3132 | 3470 (u%)| 2177 | 27.39 (26%)
packet |S%ofcoF | 1551 | 1726 (u%)| 895 | 1141 (27 427 6.83_(60%)]
throughput, [ 50% of COF| 4163 | 4393 (6%)| 2884 | 3282 (1a%)| 1722 | 2398 (39%)|
Mbps _[95%of CDF| 5582 | 5581 (0%)| 5570 | 5575 (0%)| 5540 | 5560 (0%)
RU 19% 18% 35% 31% ST% 8%





 Table 6: Comparison of {2,4,2} and {2,8,2} port layouts performance in UMa scenario
[image: image7.png]Trafficload (A) low (1.8) medium (26) high (3.5)
Port layout
(Total umberof ports) | 242119) | 2821(32) | a2 19) | 2821(32) | 421 6) | (282)(32)
UEaverage | Average | 3521 | 38.81 (10%)| 27.99 | 3229 (15%)| 1898 | 2523 (33%)
packet |S%ofcoF | 1196 | 1498 (25%)| 775 | 1038 (3a%)| 3.85 6.44_(67%)]
throughput, [ 50% of COF| 3227 | 39.61 (16%)| 24.41 | 30.04 (23%)| 1460 | 2174 (49%)|
Mbps _[95%of CDF| 5577 | 5578 (0%)| 5558 | 5569 (0%)| 5197 | 55.42 (7%
RU 2% 18% 37% 30% 59% ar%




 
From Table 5 and Table 6 it can be seen that there is noticeable performance improvement between codebooks for 16 and 32 antenna ports and {2,4,2} and {2,8,2} antenna port layouts respectively. However, further discussion is needed whether such subarray structures will be used in practise.
Observation:

· There is noticeable performance gains from increasing number of ports in horizontal dimension from N2 = 4 to N2 = 8.

Summary
In this contribution we have provided performance evaluation results for Class A codebook with 32 antenna ports. In the evaluation we assume the same number of the physical antenna ports and different antenna port layouts. Based on the evaluation results we have observed:

· The beamforming flexibility provided by 16 antenna ports codebook with N1 = 4 antenna ports in the vertical dimension is already sufficient to harvest most of the vertical beamforming performance gains

· There is noticeable performance gains from increasing number of ports in vertical dimension from N1 = 2 to N1 = 4

· The beamforming flexibility provided by 16 antenna ports codebook with N1 = 4 antenna ports in the vertical dimension is already sufficient to harvest most of the vertical beamforming performance gains. Increasing N1 to 8 in the vertical dimension doesn’t significantly improve the performance.
We propose to take the observations above in the design of the Class A codebook for Rel-14. 
References
[1] RP-160623, New WID Proposal: Enhancements on Full-Dimension (FD) MIMO for LTE, Samsung, 3GPP TSG RAN Meeting #68, Göteborg, Sweden, March 7 - 10, 2016
3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures".

[2] Appendix
	Parameter
	Value

	Scenario
	3D-UMi, ISD = 200 m (homogeneous)
3D-UMa, ISD = 500 m (homogeneous)
Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 16 and 32 TXRUs

0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size

	Cell association
	CRS antenna port 0, mapped to the two vertical TXRUs

Handover margin = 3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	Mode 3-2 with 10 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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