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1. Introduction
Discussion on elevation beamforming and full-dimension MIMO (EBF/FD-MIMO) in RAN1#80 concluded on the need to further compare standard-transparent implementation schemes based on Rel.12 specification, and standardized enhancements in Rel.13. Specifically, for standard-transparent scheme, beamformed CSI-RS (i.e. cell virtualization with a single cell ID) has shown promising system-level improvement with up to 100% cell edge performance gain, without any changes in LTE specification and UE implementation. As for standard-based enhancement, the need of extended CSI-RS with more than 8 ports needs to be further studied by comparison against standard-transparent solutions. 
Extended CSI-RS with more than 8 ports is the very first issue that needs to be resolved in the SI, as it is the cornerstone of the entire CSI design. In this contribution, we provide our views on this issue.
2. Overview of beamformed CSI-RS
A diagram of beamformed CSI-RS (e.g. virtual sectorization) is illustrated in Figure 1. System operations of beamformed CSI-RS is summarized below:
· PDSCH transmission can be scheduled in multiple virtual cells. (We restrict our discussion to DMRS-based transmission based on CSI-RS measurement, that is, TM10).
· Each virtual cell is configured with a CSI-RS resource. The CSI-RS resource and PDSCH transmission in each virtual cell is digitally beamformed over multiple TXRUs in one column (Fig. 1), using the same vertical beamforming vector. The effective channel of each virtual sector is measured through the corresponding CSI-RS, which can use legacy CSI-RS up to 8 CSI-RS ports. The vertical steering beam is transparent to the UE.
· It should be highlighted that beamforming vector is flexibly chosen by the eNB, and does not need to be confined to any pre-determined set (e.g. codebook) at all. As such the eNB can fine tune the beamforming vectors as needed.
· NZP CSI-RS resource of a virtual sector can be configured as ZP CSI-RS resource for another virtual sector.
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Figure 1: CSI-RS transmission
3. Discussion on Extended CSI-RS with >8 ports
In the following, the need of extended CSI-RS with 
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ports (a.k.a. FD-MIMO), is compared to beamformed CSI-RS with legacy configuration. 
3.1. Elevation Beamforming Capability
For FD-MIMO, elevation beamforming capability is restricted by the standardized codebook. Once FD-MIMO codebook is specified, the elevation beamforming capability is fixed by the specification and will not be able to change. For instance, most 
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codebooks proposals (if not all) in the last meeting assumed a Kronecker product structure where 
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is FD-MIMO codebook, and 
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 are the vertical/horizontal component precoders (e.g. 
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 is 2Tx, 
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 is 8Tx). As such, once the FD-MIMO codebook is standardized, the elevation beamforming capability is determined, e.g. limited by the vertical codebook size
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. As an example, if Rel.8 2Tx codebook for the vertical codebook 
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, the UE can only measure CSI under 4 vertical DFT precoding hypothesis. 
For beamformed CSI-RS, greater beamforming flexibility is enabled by allowing the eNB to control the following system parameters

· Number of virtual sectors N

· Set of beamforming vectors 
[image: image11.wmf]{

}

N

V

V

V

,...

,

2

1


These two parameters are completely eNB implementation issues and can be flexibly adjusted by the network based on system operation condition, e.g. cell loading, UE clustering, traffic distribution and as such. 
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are transparent to the UE and can be arbitrarily chosen by the eNB. The eNB may even use non-DFT vectors 
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 for beam tapering to improve cell coverage and interference reduction. 

Observation:

· FD-MIMO with a standardized codebook automatically restricts the vertical beamforming flexibility.
· Virtual sectorization enjoys better beamforming flexibility, as virtualization vector optimization is an eNB implementation choice and not limited by standard.
3.2. UE Implementation 

Although 3D-MIMO originates at the infrastructure side, impact to UE implementation must also be born in mind. Costing UE an arm and a leg will discourage UE vendor to support this feature, and may jeopardize the timely rollout of massive MIMO in the network despite the eNB vendor’s heavy investment. Instead, simple schemes with low/minimum UE impact are more desirable for time-to-market and the entire LTE ecosystem.
Codebook search complexity is a linear function of the codebook size. In general the codebook size increases exponentially with the number of Tx antennas. For instance, the codebook size per rank is 4 for 2Tx, 16 for 4Tx, and 256 for 8Tx. Following the trend we will possibly need four thousand precoders for 16Tx, sixty-four thousand precoders for 32Tx, and over a million precoders for 64Tx!! Searching such a gigantic codebook is highly undesirable for UE implementation in terms of baseband processing and CSI timing budget. Furthermore, if 3D-MIMO is deployed in conjunction with other features (e.g. carrier aggregation, DL CoMP), the problem is further exacerbated.
On the contrary, legacy CSI-RS dimension and legacy codebook is reused for virtual sectorization, incurring no complexity increase. From UE implementation perspective this is clearly much more preferable.
Observation: 
· Codebook search complexity for FD-MIMO is a major challenge for UE implementation.

· Virtual sectorization reuses existing CSI-RS, thereby incurring no additional codebook search complexity.
3.3. CSI-RS Overhead
Rel.10 study showed that a minimum CSI-RS density of 1 RE/PRB is needed to ensure sufficient channel measurement accuracy. This implies an overhead of 16 RE/PRB for 16Tx, 32 RE/PRB for 32Tx, and 64RE/PRB for 64Tx. 
For virtual sectorization, the number of CSI-RS resources (N) is a system parameter to be determined by the eNB, dependent on the cell loading, UE distribution and traffic distribution. In our previous contribution we found that N = 4 CSI-RS resources provides near-optimal system performance. The total CSI-RS overhead is therefore 32 RE/PRB. Assuming CSI-RS periodicity of 5ms, this leads to approximately 2% higher CSI-RS overhead than FD-MIMO with 
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 ports. For 
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, the CSI-RS overhead of beamformed CSI-RS and FD-MIMO are identical. For 
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, FD-MIMO has higher CSI-RS overhead than beamformed CSI-RS. 
Observation:

· Beamformed CSI-RS has slightly higher CSI-RS overhead (~ 2%) than FD-MIMO with 16 ports.
· Beamformed CSI-RS overhead is equal or lower than FD-MIMO with 32/64 ports.
3.4. CSI-RS Coverage and Channel Estimation Error
The transmit power and coverage of CSI-RS antenna port impacts pilot estimation accuracy and CSI quantization accuracy. For cell-edge and high-rise scenario (where most FD-MIMO gain is observed), reliable CSI-RS coverage is more important.  This issue has not been sufficiently studied in RAN1.
For extended CSI-RS with TXRU-specific port mapping, the power of each CSI-RS port decreases linearly as the number of antenna ports (or TXRU) increases, e.g. meaning each CSI-RS port can utilize 1/16, 1/32, 1/64 of the total power with 16/32/64 TXRU. In contrast, each antenna port in beamformed CSI-RS is mapped to multiple TXRU and therefore can utilize their total power, hence does not suffer coverage loss as the number of TXRU increases. A 3dB, 6dB, 9dB coverage gain can be expected for beamformed CSI-RS over extended CSI-RS (e.g. FD-MIMO), with 16/32/64 TXRU. It is also noted that CSI-RS power boosting cannot completely address this issue, as there is a maximum 6dB CSI-RS boosting limitation enforced by practical implementation constraints, based on RAN4 inputs (c.f. [8]).
The same issue was analyzed through link-level evaluation in [6], where beamformed CSI-RS is found to have 10-15dB gain over extended CSI-RS when CSI-RS resource collides with PDSCH of adjacent cell.
We recommend RAN1 further study this issue for a thorough and complete comparison between beamformed CSI-RS and FD-MIMO.

Observation: 

· Compared to beamformed CSI-RS, FD-MIMO with TXRU-specific port mapping suffers 3dB, 6dB, 9dB CSI-RS coverage loss compared to beamformed CSI-RS, with 16/32/64 TXRU.
3.5. Impact to legacy UE 

When CSI-RS was introduced in Rel.10, the impact of CSI-RS interference to PDSCH for legacy UE not supporting PDSCH muting was rigorously discussed as an effort to decide on the CSI-RS density of 1 RE/PRB. With 8 Tx MIMO in Rel.10, this results in a maximum overhead of 8 RE/PRB for one CSI-RS resource. For FD-MIMO with more than 8 ports, a similar study is necessary to understand the impact to legacy UEs not supporting muting. 
It can be argued that DL CoMP with multiple 8-port CSI-RS resources (e.g. 2) would result in the same total overhead as one 16-port CSI-RS resource in 3D-MIMO. However it is our view that the comparison of beamformed CSI-RS and extended CSI-RS should be conducted in the same context (e.g., single-cell vs. single-cell). Secondly, CSI-RS of different cells in DL CoMP can be scheduled in different subframes, so that the effective CSI-RS overhead per subframe remains at 8 RE/PRB. This is not possible for FD-MIMO as 
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 CSI-RS ports have to be transmitted in the same subframe and there does not appear to be any choices to reduce the CSI-RS overhead.
Observation

· Impact of CSI-RS to PDSCH for legacy UE not supporting PDSCH muting should be studied for more than 8 port CSI-RS.
4. System evaluation
4.1. System Throughput
System evaluation results are provided in this section to compare the performance of beamformed CSI-RS and extended CSI-RS with 16 antenna ports. An (M, N, Q, P) = (8, 4, 16, 2) antenna configuration is assumed. 

· For beamformed CSI-RS, N = 4 vertical sectors (e.g. 4 beamformed CSI-RS resources) are configured per physical cell, each with 8 CSI-RS ports. Detailed beam directions are listed in Table I. Each antenna port is vertically virtualized over M = 2 TXRU in one columns. Each UE is configured to report CSI of the optimal beam (CSI-RS) with the best RSRP. 

· For extended CSI-RS, a 16 port CSI-RS resource is configured per physical cell with sub-array virtualization, where each port is mapped to K = 4 antenna elements in the same column.

For beamformed CSI-RS, legacy 8Tx codebook is used for feedback. For FD-MIMO with 16 ports, the 16Tx precoder is assumed to be Kronecker product of two component precoders W1 and W2, where W1 is the vertical domain precoder taken from 2Tx DFT codebook (4bits) with down tilt values listed in Table I, and W2 is the horizontal domain precoder taken from Rel.10 8Tx codebook.
Table I: Down tilt values of CSI-RS beams and DFT codebook
	Number of CSI-RS beams
	Down tilt values for 3D-UMi (degree)
	Down tilt values for 3D-UMa-200m (degree)

	N = 4 beams
	81.01, 88.21, 95.38, 102.64
	95.38, 102.64, 108.21, 115.94

	4 bit DFT codebook
	71.79, 75.52, 79.19, 82.82, 84.62, 86.42, 88.21, 90, 91.79, 93.58, 95.38, 97.18, 98.99, 102.64, 106.33, 110.11 
	91.79, 93.58, 95.38, 97.18, 98.99, 100.81, 102.64, 104.48, 106.33, 108.21, 110.11, 112.02, 113.97, 115.94, 117.95, 120 


Table II and III summarize the performance in 3D-UMa-200 and 3D-UMi channel with FTP traffic of 
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=2, 4, 5. It is found that the beamformed CSI-RS scheme achieves better performance than the extended CSI-RS scheme in most of the cases.

Table II: 3D-UMa-200 scenario

	Scenarios / user arrival rate
	5% UPT (Mbps)
	50% UPT (Mbps)
	Mean UPT (Mbps)
	RU

	3D-UMa-200m
	
[image: image19.wmf]l

 = 2
	extended 
CSI-RS
	15.42
(0.0%)
	38.28
(0.0%)
	38.47
(0.0%)
	17%

	
	
	beamformed 
CSI-RS
	14.71
(-4.6%)
	38.98
(1.8%)
	38.19
(-0.7%)
	17%
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 = 4
	extended 
CSI-RS
	6.45
(0.0%)
	21.51
(0.0%)
	24.68
(0.0%)
	48%

	
	
	beamformed 
CSI-RS
	6.83
(6.0%)
	21.75
(1.1%)
	25.08
(1.6%)
	46%
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 = 5
	extended 
CSI-RS
	3.52
(0.0%)
	14.88
(0.0%)
	18.54
(0.0%)
	66%

	
	
	beamformed 
CSI-RS
	4.21
(19.6%)
	15.40
(3.5%)
	18.99
(2.4%)
	63%


Table III: 3D-UMi scenario
	Scenarios / user arrival rate
	5% UPT (Mbps)
	50% UPT (Mbps)
	Mean UPT (Mbps)
	RU

	3D-UMi
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 = 2
	extended 
CSI-RS
	15.64
(0.0%)
	41.70
(0.0%)
	39.61
(0.0%)
	17%

	
	
	beamformed 
CSI-RS
	14.99
(-4.2%)
	41.21
(-1.2%)
	39.01
(-1.5%)
	17%
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 = 4
	extended 
CSI-RS
	7.07
(0.0%)
	23.62
(0.0%)
	27.02
(0.0%)
	45%

	
	
	beamformed 
CSI-RS
	6.85
(-3.2%)
	23.60
(-0.1%)
	26.88
(-0.5%)
	46%
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 = 5
	extended 
CSI-RS
	3.58
(0.0%)
	16.24
(0.0%)
	20.10
(0.0%)
	64%

	
	
	beamformed 
CSI-RS
	4.32
(20.6%)
	17.05
(5.0%)
	21.11
(5.0%)
	62%


Observation: 

· Beamformed CSI-RS has similar performance (low load) or better performance (medium to high load) than FD-MIMO with 16 ports, with much less standardization and implementation complexities.

· With 32/64 ports, the gain of beamformed CSI-RS is expected to increase due to more severe CSI-RS coverage lose and pilot estimation error of FD-MIMO.
4.2. RRC Configuration for Beamformed CSI-RS
As CSI-RS is configured for UE by higher layer signaling, it is undesirable to reconfigure it frequently. In this section, we evaluate the impact of CSI-RS reconfiguration period. As 8 CSI-RS beams transmission is sufficient in all scenarios, 8 CSI-RS beams is assumed in this evaluation. CSI-RS reconfiguration period changes from 10ms to 500ms and performance of FD-MIMO with different period normalized with respect to FD-MIMO with 10ms period is plotted in Figure 2. 

It can be observed from Figure 2 that period up to 500 ms only causes marginal loss compared with 10 ms period. This insensitivity is due to the fact that UE channel variation in elevation domain is slow. This observation has been pointed out in another contribution (c.f. [7]) in RAN1#80. 
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Figure 2: Impact of CSI-RS RRC reconfiguration period, 3D-UMa (left), 3D-UMi (right)
Observation:

· Beamformed CSI-RS performance is insensitive to CSI-RS reconfiguration periodicity up to 500ms.
5. Conclusion 

The need of extended CSI-RS resource with more than 8 antenna ports is compared to standard-transparent, implementation-based beamformed CSI-RS scheme with legacy CSI-RS. The advantage and disadvantages are summarized below:
Observation and conclusions
· Advantages of Beamformed CSI-RS

· More flexible beamforming capability in the elevation domain, not confined by standardized codebook

· Smaller codebook size, lower UE complexity, power consumption, fast time-to-market

· Robust CSI-RS port coverage and channel estimation error, e.g. 3/6/9dB gain with 16/32/64 TXRU.
· Less impact to PDSCH of legacy UE not supporting PDSCH muting.
· Most importantly, better system-level performance.

· Advantaged of Extended CSI-RS

· Slightly lower CSI-RS overhead (~2%) than beamformed CSI-RS, when there are 16 ports.
· No gain is found for 32/64 ports CSI-RS.
· Less CSI-RS RRC reconfiguration.
· However, beamformed CSI-RS performance is insensitive to CSI-RS reconfiguration periodicity up to 500ms.
· Throughput comparison
· Beamformed CSI-RS has similar performance (low load) and better performance (medium to high load) than FD-MIMO with 16 ports, with much less standardization and implementation complexities.
· With 32/64 ports, the gain of beamformed CSI-RS over FD-MIMO increases due to more severe CSI-RS coverage lose and pilot estimation error of FD-MIMO.
Based on these observations we have the following proposals:
Proposal: Take the following aspects in the comparison of beamformed CSI-RS and extended CSI-RS with more than 8 ports

· CSI-RS coverage

· CSI-RS overhead

· Codebook size and UE implementation complexity

· Elevation beamforming flexibility
· Impact to legacy UE not supporting PDSCH  muting
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Appendix

Table A1: Simulation assumptions

	Parameter
	Value

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

	Scenario
	3D-UMa with 200m ISD, 3D-UMi with 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

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

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP traffic model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

Realistic interference 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

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB

	
[image: image27.wmf]D


	4dB for CSI-RS


_1488717162.unknown

_1489314120.unknown

_1489315355.unknown

_1489315795.unknown

_1489410859.unknown

_1489315380.unknown

_1489315329.unknown

_1488717179.unknown

_1488738444.unknown

_1488717053.unknown

_1488717110.unknown

_1488715133.unknown

_1488717039.unknown

_1475675270.unknown

