
3GPP TSG RAN WG1 Meeting #80bis
                                                                R1-151373
Belgrade, Serbia, 20th - 24th April 2015

Source:
CATT
Title:
Performance upper bound of FD-MIMO with single CSI-process and 16-64 TXRU
Agenda Item:
7.2.5.2.1
Document for:
Discussion and Decision
1 Introduction
The study item on elevation beamforming / FD-MIMO was approved in RAN#65 [1]. Discussion in RAN1#78bis and RAn1#79 have mostly focused on the following aspects

· Deployment scenarios and evaluation assumptions

· Initial phase I performance results of AAS using Rel.12 DL MIMO scheme with 8 TXRU

· Standard transparent baseline scheme based on Rel.12, and initial performance results with 16-64 TXRU
· Standard enhancement and performance evaluation results under 16-64 TXRU 
In RAN1#80 meeting, the following CSI-RS enhancements were agreed.
· Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation:
· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process

· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10

· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible
In this contribution we study the performance of FD-MIMO for AAS system with 16-64 TXRUs, using existing TM10 framework with a single CSI-RS resource and a single CSI-process. Each CSI-RS resource has an extended number of antenna ports (
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= 16, 32, 64), and feedback is achieved with a single CSI-process using a high-dimension PMI (
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 = 16, 32, 64). System-level performance are provided with ideal CSI (i.e. infinite codebook size) and realistic quantization codebook (i.e. finite codebook size), and their performance gap is identified to reveal the realistic potential of FD-MIMO.
2 Discussion

With the introduction of increased number of antenna and TXRU components, the most straightforward solution to exploit the increased spatial diversity is through FD-MIMO by allocating an independent antenna port (e.g. CSI-RS) to each TXRU components. This would allow reusing the existing TM10 transmission and feedback framework based on a single CSI-RS resource and a single CSI-process, by increasing the antenna ports per CSI-RS resource accordingly (e.g. 
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 =  16, 32, 64). Correspondingly, new codebooks of 16/32/64-Tx need to be designed.
The advantage of FD-MIMO is that the existing LTE measurement/feedback paradigm is retained, allowing to reuse the existing measurement, feedback, and RAN4 testing mechanism. It is also expected to provide a competitive system performance by jointly quantizing the overall FD-MIMO channel using a single codebook, assuming that a high-dimension codebook can be successfully designed. On the other hand, several practical challenges are also expected:
· Codebook design: 
Codebook design is usually very challenging and time-consuming based on past experiences. Furthermore, in the context of FD-MIMO the problem will become much more complicated. For a given 
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-Tx codebook (e.g. 
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= 32), the number of antenna elements corresponding to 
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 TXRU may be different. For a fixed number of antenna elements, the antenna array configuration may also be different (e.g. tall array vs. wide array). Even for a fixed array configuration and TXRU number, the TXRU virtualization could also be different (1-D vs. 2-D TXRU virtualization). A well designed high-dimensional codebook needs to take into account all these antenna/virtualization configurations to ensure a robust performance in a wide range of realistic deployment scenarios.  This is clearly much more challenging than past 2/4/8Tx codebook design where antenna configurations are much simpler.
· Codebook size:
To ensure sufficient quantization accuracy, the codebook size needs to increase proportionally with the antenna size. Take rank-1 codebook as an example, the existing LTE codebooks have 4 precoders (2-bit) for 2Tx, 16 precoders (4-bit) for 4Tx, and 256 precoders (8-bit) for 8Tx. Following this trend, we need to have at least a size-4096 (12-bit) codebook for 16Tx, size-65536 (16-bit) codebook for 32Tx, and size-1048576 (20-bit) codebook for 64Tx. The CSI overhead, PMI search complexity, power consumption, and specification complexity (both RAN1 and RAN4) for such large codebooks are clearly unrealistic. Reducing the codebook size will help mitigate these challenges, but will also deteriorate the CSI accuracy. It is then unclear if it will still be competitive against other simpler, more flexible and scalable feedback approaches. 
The study item should evaluate the performance potential FD-MIMO under a realistic codebook context, in order to achieve a fair comparison against other potential CSI-RS and CSI feedback enhancement mechanism. It is expected any Rel.13 decision on the feedback paradigm will guide future MIMO evolution, and therefore choosing a robust, scalable and future-proof framework impacts not only Rel.13, but also future releases to come.
For this end, in this contribution we perform the following system-level study:
· Ideal codebook: 
 Infinite codebook size is assumed where UE measures and feeds back the explicit un-quantized channel H to the eNB, based on which PDSCH transmission is scheduled. This reveals the performance upper bound of FD-MIMO.
· Realistic codebook:  
It is assumed that a single CSI-process is reported comprising a single high-dimension PMI. As high-dimension codebooks are unavailable, we assume that the high-dimension PMI is selected from codebook 
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 is the FD-MIMO dimension (16,32,64), and 
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is the high-dimension precoder expressed as 
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. In this contribution it is assumed that 
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is the number of rows of antennas, and 
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is the number of columns of antennas, although such restrictions are not necessarily needed in practical deployment. 
Both schemes assume that an 
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-port CSI-RS is available to measure the downlink propagation channel H, subject to channel measurement error modeled per 36.814. 
3 Performance evaluations
System-level performance with full-buffer traffic and FTP traffic are provided in this section to compare the performance of FD-MIMO with ideal codebook and realistic codebook, in 3D-UMa and 3D-UMi channel models. An (M,N,P,Q) = (8,4,2,32) antenna configuration is considered, where each TXRU is virtualized to K = 2 adjacent co-polarized antenna components in the same column. 
To construct the 3D codebook 
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, in our simulation we assume 256 horizontal matrices 
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from the Rel.12 8Tx codebook, and 4/8/16 DFT vectors for the vertical matrices  
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. The total PMI overhead is {10, 11, 12} bits for the 3D-MIMO codebook 
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 . It is further assumed that only rank-1 is considered for the vertical matrices, i.e. 
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 in the simulations.  Other simulation assumptions are aligned with past agreements and can be found in the appendix.
Table 1: Performance of FD-MIMO, full buffer
	Feedback configuration
	Ideal CSI
	Quantized CSI, 2-bit vertical CB
	Quantized CSI, 3-bit vertical CB
	Quantized CSI, 4-bit vertical CB

	3D-UMa
	Cell average SE (bps/Hz)
	6.63
(0.0%)
	3.59
(-45.8%)
	4.10
(-38.2%)
	4.17
(-37.1%)

	
	Cell edge SE (bps/Hz)
	0.1223
(0.0%)
	0.0692
(-43.4%)
	0.0850
(-30.5%)
	0.0849
(-30.6%)

	3D-UMi
	Cell average SE (bps/Hz)
	9.04
(0.0%)
	4.92
(-45.6%)
	5.34
(-40.9%)
	5.54
(-38.7%)

	
	Cell edge SE (bps/Hz)
	0.1983
(0.0%)
	0.1051
(-47.0%)
	0.1217
(-38.6%)
	0.1250
(-37.0%)


Table 2: Performance of FD-MIMO, FTP traffic, 
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	Feedback configuration
	Ideal CSI
	Quantized CSI, 2-bit vertical CB
	Quantized CSI, 3-bit vertical CB
	Quantized CSI, 4-bit vertical CB

	3D-UMa
	5% UPT  (Mbps)
	18.82 
(0.0%)
	14.54 
(-22.7%)
	16.40 
(-12.8%)
	15.66 
(-16.8%)

	
	50% UPT (Mbps)
	50.42 
(0.0%)
	35.43 
(-29.7%)
	40.23 
(-20.2%)
	38.52 
(-23.6%)

	
	Mean UPT (Mbps)
	44.02 
(0.0%)
	38.09 
(-13.5%)
	39.62 
(-10.0%)
	39.18 
(-11.0%)

	
	RU
	14%
	18%
	16%
	17%

	3D-UMi
	5% UPT  (Mbps)
	20.53 
(0.0%)
	17.86 
(-13.0%)
	19.26
(-6.2%)
	18.74
(-8.7%)

	
	50% UPT (Mbps)
	55.30 
(0.0%)
	47.62 
(-13.9%)
	48.98 
(-11.4%)
	48.98 
(-11.4%)

	
	Mean UPT (Mbps)
	45.99 
(0.0%)
	42.52 
(-7.5%)
	43.33 
(-5.8%)
	43.08 
(-6.3%)

	
	RU
	14%
	15%
	14%
	15%


Table 3: Performance of FD-MIMO, FTP traffic, 
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	Feedback configuration
	Ideal CSI
	Quantized CSI, 2-bit vertical CB
	Quantized CSI, 3-bit vertical CB
	Quantized CSI, 4-bit vertical CB

	3D-UMa
	5% UPT  (Mbps)
	10.92 
(0.0%)
	6.26 
(-42.7%)
	7.57 
(-30.7%)
	7.74 
(-29.1%)

	
	50% UPT (Mbps)
	28.81 
(0.0%)
	21.56 
(-25.2%)
	23.32 
(-19.0%)
	23.17 
(-19.6%)

	
	Mean UPT (Mbps)
	32.21 
(0.0%)
	25.26 
(-21.6%)
	26.79 
(-16.8%)
	26.58 
(-17.5%)

	
	RU
	37%
	47%
	43%
	43%

	3D-UMi
	5% UPT  (Mbps)
	13.29 
(0.0%)
	9.69 
(-27.1%)
	10.36 
(-22.1%)
	10.58 
(-20.4%)

	
	50% UPT (Mbps)
	32.65 
(0.0%)
	28.10 
(-13.9%)
	28.34 
(-13.2%)
	29.06 
(-11.0%)

	
	Mean UPT (Mbps)
	37.13 
(0.0%)
	31.16 
(-16.1%)
	31.40 
(-15.4%)
	32.43 
(-12.7%)

	
	RU
	32%
	38%
	37%
	36%


Table 4: Performance of FD-MIMO, FTP traffic, 
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	Feedback configuration
	Ideal CSI
	Quantized CSI, 2-bit vertical CB
	Quantized CSI, 3-bit vertical CB
	Quantized CSI, 4-bit vertical CB

	3D-UMa
	5% UPT  (Mbps)
	7.76 
(0.0%)
	3.50 
(-54.9%)
	4.35 
(-43.9%)
	4.87 
(-37.2%)

	
	50% UPT (Mbps)
	22.12 
(0.0%)
	14.11 
(-36.2%)
	16.02
(-27.6%)
	17.14 
(-22.5%)

	
	Mean UPT (Mbps)
	26.44 
(0.0%)
	18.36 
(-30.5%)
	19.93 
(-24.6%)
	21.19 
(-19.9%)

	
	RU
	50%
	66%
	62%
	60%

	3D-UMi
	5% UPT  (Mbps)
	10.68 
(0.0%)
	6.91 
(-35.3%)
	7.64
(-28.5%) 
	8.01 
(-25.0%)

	
	50% UPT (Mbps)
	29.30
(0.0%) 
	22.86 
(-22.0%)
	23.32 
(-20.4%)
	23.98 
(-18.2%)

	
	Mean UPT (Mbps)
	33.06 
(0.0%)
	26.47 
(-19.9%)
	26.85 
(-18.8%)
	27.52 
(-16.8%)

	
	RU
	41%
	50%
	50%
	49%


The 5% user throughput gap between realistic codebook and ideal codebook under various user arrival rates
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are depicted in Figure 1 for 3D UMa and 3D UMi channels. From these results, it is observed that:
· Intuitively, the performance gap between realistic and ideal codebooks decreases as the codebook size increases. However, even with a 12-bit codebook size (i.e. 4-bit vertical codebook), for full-buffer traffic, the performance loss is still over 30% for both 3D-UMa and 3D-UMi.
· For FTP traffic, with a 12-bit codebook size, the performance loss is around 10%~40% for 3D-UMa and 10%~25% for 3D-UMi.

· The performance gap between realistic and ideal codebook is a monotonically increasing function of cell load 
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. In other words, as 
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 increases, the loss of codebook quantization increases. This is likely due to the fact that higher 
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 leads to more frequent MU-MIMO transmission, which is more sensitive to spatial quantization.
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Figure 1: Realistic codebook (finite size) vs. ideal codebook (infinite size)
4 Conclusions
In this contribution, we investigated the FD MIMO performance with ideal codebook (infinite size) and realistic codebook of finite size. Simulation results show that under a realistic codebook context, even with a 12-bit codebook size, there is up to 40% performance degradation compared with the ideal CSI scheme.
Proposal
· RAN1 should evaluate FD-MIMO performance under a realistic codebook context, for fairly comparing with other enhancement alternatives.
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6 Appendix
Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ spacing
Vertical: 8 elements, 0.8λ spacing

	Scenario
	3D-UMa with 500m ISD and 3D-UMi with 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UEs per cell
	10

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

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP traffic model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	Transmission scheme
	Dynamic SU/MU switching

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

	PMI/CQI feedback periodicity
	5ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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