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Introduction
In the previous RAN1 meetings, enhanced precoding schemes were discussed in order to enable CSI acquisition for two dimensional and larger antenna array for 3D MIMO. Eventually, the enhancements for CSI-RS and feedback are categorized into the followings.
· Enhancements related to beamformed CSI-RS-based schemes
· Enhancements related to non-precoded CSI-RS-based schemes
· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Enhancements related to non-codebook based CSI reporting for TDD
· Enhancements related to SRS
As non-TDD-specific solutions, we have two main categories, beamformed CSI-RS based scheme and non-precoded CSI-RS based scheme, where the hybrid scheme can be categorized into the 1st option. At the RAN1 #80bis meeting, there were intensive discussions on these two categories such as the definition of terminologies and general description and example of enhanced schemes. In addition, some guidance for future discussion was also discussed. Some of the agreements are summarized as follows [1].
Conclusions:
· Companies are encouraged to provide analysis/evaluation results and detailed design proposals, whose observation(s) may or may not be included in the TR.
· Example issues of encouragement in RAN1 #81 meeting are as follows
· Issues to be studied, depending on a CSI feedback scheme, e.g.,
· For non-precoded CSI-RS  based schemes,
· CSI-RS coverage aspects related to CSI-RS reuse pattern
· CSI-RS coverage aspects related to CSI-RS power boosting
· Impairments related to TDM of REs from >2 OFDM symbols, e.g., phase drifting
· Codebook design
· Study ways to support more than 8 CSI-RS ports
· For beamformed CSI-RS based schemes, including hybrid beamformed CSI-RS based schemes,
· Beamforming change on UE-dedicated CSI-RS resource
· CSI-RS resource switching for channel measurement
· Aperiodic beamformed CSI-RS (pooling of CSI-RS resources)
· CSI feedback related to hybrid beamformed and non-beamformed CSI-RS
· Study on the number of beamformed CSI-RS resources
· Impact of increased number of CSI-RS ports and resources on legacy Rel-8/9/10 UEs not supporting muting
· Study the impact of required number of CSI processes
· UE complexity (e.g., memory storage requirement)
· Channel measurement and interference measurement
Agreement:
Definitions for TR: 
· Non-precoded:
· This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. 
· Beamformed:
· This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. 
· Note that further fine-tuning of these definitions can be further discussed. 
· FFS how/if CDD-type schemes are categorized according to the above definitions. 
· FFS how hybrid non-precoded/beamformed schemes will be defined according to the above definitions. 

Agreements:
The contents for non-precoded CSI-RS enhancement, beamformed CSI-RS enhancements, and hybrid of non-precoded and beamformed CSI-RS enhancement are captured in the TR with a sufficient level of details

In this contribution, we further study the detail of the two candidate enhancement schemes and compare them using system-level evaluation.
3D MIMO Precoding Schemes
Candidate precoding schemes
· Beamformed CSI-RS based scheme
Fig. 1 shows an example image of the beamformed CSI-RS based scheme. In this scheme, CSI is acquired using multiple beamformed CSI-RSs with an example procedure shown below.
1) eNB transmits multiple beamformed CSI-RSs with different beam direction. 
2) UE selects preferred beamfomed CSI-RS and feeds back its index and CSI, i.e., beam index (BI), RI, PMI and CQI(s).
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Figure 1. Example image of beamfomred CSI-RS based scheme
Considering that the current codebooks are designed for horizontal precoding, it is straightforward that beam index (BI) and PMI represent vertical and horizontal precoding, respectively, i.e., multiple beamformed CSI-RSs are transmitted with different vertical tilting angles. Obviously it is also possible that CSI-RSs are beamformed in the horizontal dimension or jointly in two dimensions.
The beamformed CSI-RSs can be based on a fixed set of candidate beams, which is common to all UEs, i.e., cell-specific beamformed CSI-RS. Another implementation can be based on transmitting UE-specific beamformed CSI-RSs with an example procedure shown in Fig. 2. For this scheme, as in the 1st steps which are shown as (1) and (2) in the figure, beam direction is determined based on beamformed RSs with long transmission periodicity, e.g., using DRSs. Then CSI is acquired based on UE-specific beamformed CSI-RSs. This scheme requires lower downlink RS overhead, since eNB needs to transmit only selected beamformed CSI-RSs. However it may involve a more complicated procedure between eNB and UE in order to finally determine the precoder for data transmission. The 1st steps can be replaced by non-precoded CSI-RS, i.e., hybrid scheme, or by channel reciprocity based CSI acquisition. For reciprocity based scheme, the final precoder can be derived more accurately and the CSI acquisition procedure can be made simpler.
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Figure 2. Example image of beamfomred UE-specific CSI-RS based scheme
In the Rel. 12 LTE, UE can transmit maximum three beamformed CSI-RSs by reusing the feature of multiple CSI processes [2], i.e., with each beam associated with a single CSI-process. It may be beneficial to increase the number of beamformed CSI-RS, e.g., by increasing the CSI-process number per UE or by increasing the number of NZP-CSI-RS resources per CSI-process. In addition, it may be beneficial to optimize CSI feedback for 3D MIMO, e.g., by introducing BI feedback or reducing CSI feedback overhead, since reporting multiple full CSIs for the different beamformed CSI-RSs may not be necessary.
· 2D codebook based approach
Equations (1) show an example of 2D codebook structure. 

                                (1) 
2D codebook can be constructed by simply taking the Kronecker product of the legacy 1D codebook with an additional vertical dimension codebook. The overall codebook can reuse the Rel. 10 8-Tx or Rel. 12 4-Tx codebook structure, where the precoder is composed by a wideband long-term codebook multiplied by a wideband/subband short-term codebook. The long-term codebook contains the 2D beamforming information of the 2D array in the same polarization. The short-term codebook makes the 2D beam selection and incorporates the phase adjustment between the two polarizations. In this contribution, we consider a simple extension of the 1D codebook to create a 2D codebook. We take the Kronecker product of a vertical codebook with the legacy 1D codebook, and the product is taken for the W1 only. So W2 is fully reused. The vertical codebook is specified by a set of DFT vectors which have an over-sampling factor of 2, i.e., 4 vectors in case of 2 vertical TXRUS and 8 vectors in case of 4 vertical TXRUs in the same polarization.
Qualitative comparison between candidate schemes
In principle, two different precoding schemes achieve the same performance, if the precoding patterns and their selections are the same. In this sense, the comparison of the MIMO transmission schemes should also take into consideration of impact factors other than system-level evaluation. Table 1 shows qualitative comparison between two candidate schemes for 3D beamforming.
Table 1: Qualitative comparison between two precoding schemes
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· Suitable number of eNB antennas
Due to absence of beamforming gain, non-precoded CSI-RS will suffer from coverage shortage when the number of APs is large. For this reason, non-precoded CSI-RS based schemes are generally not suitable for the systems with a large number of eNB antennas.
Observation 1: Non-precoded CSI-RS based scheme is generally not suitable for the systems with large number of eNB antennas.
· Flexibility
According to the increase in the number of eNB antenna, there exist more options for eNB antenna configurations in terms of, e.g., the number of antenna elements in horizontal and vertical domain, the number of TXRUs and its virtualization. In this sense, enhanced precoding scheme should be designed to be sufficiently flexible to support diverse eNB antenna structures. In addition, there are several typical deployment scenarios identified for 3D MIMO. In order to achieve higher beamforming gain, it is highly desirable if direction of precoded beam can be configured by each eNB depending on deployment scenario, e.g., location of eNB antenna and neighboring cells and UE distribution. Flexibility of beam direction is also important in order to avoid inter-cell interference. In practice, there have been strong efforts for adjusting tilting angle even for the legacy system using static vertical tilt. In this sense, enhanced precoding scheme should realize flexible configuration of beam direction depending on the eNB deployment, especially for the vertical domain. 
Generally, beamformed CSI-RS based approach achieves higher flexibility, since precoder can be optimized by implementation. On the other hand, non-precoded CSI-RS based scheme relies precoding on the specific codebook design and poses certain constraints with respect to the antenna configuration. For instance, if we consider further enhancement with antenna number in either vertical or horizontal dimension exceeds 8, a new codebook is required. In addition, beam direction cannot be flexible but fixed based on antenna structure and codebook design. It is necessary to consider codebook design which can flexibly adopt to different eNB antenna structure and deployment scenarios, if non-precoded CSI-RS based scheme is considered.
Observation 2: Beamformed CSI-RS based scheme realize flexible configuration of beam direction depending on the eNB antenna structure and deployment scenario.
Observation 3: It is necessary to consider codebook design which can flexibly adopt to different eNB antenna structure and deployment scenarios, if non-precoded CSI-RS based scheme is considered.
· Overhead
Tables 2 show CSI-RS overhead of beamformed CSI-RS and non-precoded CSI-RS based schemes for six different eNB antenna configurations. The periodicity for CSI-RS is assumed as 5 ms. For beamformed CSI-RS, CSI-RSs are transmitted in a cell-specific manner and beamformed in the vertical domain. For beamformed CSI-RS, the overhead linearly increases with the product of the number of beamformed CSI-RSs and their horizontal/polarization APs, i.e., NxP. On the other hand, for non-precoded CSI-RS, the overhead increases proportionally to the number of the total number of APs, i.e., Q. The results show that the beamformed CSI-RS based scheme requires the same or larger overhead compared to non-precoded CSI-RS based schemes, when the number of beamformed CSI-RS is 4 or 8. It may be beneficial to consider some methods to reduce overhead such as using UE-specific beamformed CSI-RS. Finally, overhead for CSI feedback should be also carefully taken into account together with detailed feedback design.
Table 2: Qualitative comparison between two precoding schemes
(a) Compared antenna configurations
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(b) CSI-RS overhead
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Observation 4: Beamformed CSI-RS based scheme requires same or larger CSI-RS overhead compared to non-precoded CSI-RS based scheme, when the number of beamformed CSI-RSs is 4 or 8. UE-specific beamformed CSI-RS based approach may efficiently reduce the overhead.
· Others
Here we present other advantages/disadvantages of beamformed CSI-RS based approach compared to non-precoded CSI-RS based approach, which has been deeply studied in the legacy releases. As advantages, first, beamformed CSI-RS based scheme can be realized with relatively small specification impact, since it is possible to reuse the functionality of multiple CSI processes and the design of new codebook typically requires long discussions and evaluations. Secondly, beamforming gain is obtained for CSI-RS. This characteristic becomes very important when we consider 3D MIMO operation using larger number of Tx antenna and at higher frequency band with larger propagation loss. Third, it is possible to achieve higher accuracy for link adaptation, i.e., RI, PMI, CQI selection, since these CSI can be directly derived using beamformed CSI-RS. Finally, this scheme is expected to be more forward compatible assuming larger number of antennas and higher frequency operation. On the other hand, procedure of beamformed CSI-RS based scheme can be complicated, as discussed in previous subsection, if UE-specific scheme is applied for non-reciprocity based operation. Finally, multiple-beam selection, i.e., multi-rank transmission with more than 2 layers which only relies on beam selection, may not be easy due to the difficulty in considering inter-beam interference.
Observation 5: Beamformed CSI-RS based approach may achieve following advantages compared to non-precoded CSI-RS based approach.
· Smaller specification impact
· Beamforming gain for CSI-RS
· Higher forward compatibility to future systems using larger number of antennas and higher frequency
Observation 6: Beamformed CSI-RS based approach may have following disadvantages compared to non-precoded CSI-RS based approach.
· Procedure can be complicated, if UE-specific scheme is applied for non-reciprocity based operation.
· Multiple-beam selection may not be easy due to difficulty to consider inter-beam interference.
Performance Evaluation
We provide system-level simulation results in order to compare two proposed schemes. Major evaluation assumptions are summarized in Table A. The evaluation is performed in 3D-UMi environment with the eNB antenna configuration (M, N, P, Q) of (8, 4, 2, 16) and (8, 4, 2, 32). For beamformed CSI-RS based scheme, both of the cell-specific and UE-specific beamformed CSI-RSs are evaluated with the number of candidate beams of 4 and 8, respectively. The number of beamformed CSI-RS is set to the smaller value, i.e., 4, for cell-specific case considering the larger overhead compared to UE-specific case. Here we note that beamforming gain of CSI-RS is not considered in the simulation. We also show Cat. 2 based baseline performance as reference results, in which two beamformed CSI-RSs are used for vertical beamforming. Finally, Table 2 and 3 show evaluation results with the relative gain compared to baseline schemes.
Table 2: Performance of enhanced precoding schems (8, 4, 2, 16)
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Table 3: Performance of enhanced precoding schems (8, 4, 2, 32)
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From the evaluation results, we observe followings.

Observation 7: UE-specific beamformed CSI-RS based scheme achieves better performance compared to cell-specific CSI-RS based scheme. This is because UE-specific beamformed CSI-RS achieves lower overhead.
· For (M, N, P, Q) = (8, 4, 2, 16) with high load, UE-specific based scheme achieves 8.7 % gain in terms of mean UPT compared to cell-specific scheme.
· For (M, N, P, Q) = (8, 4, 2, 32) with high load, UE-specific based scheme achieves 17.4 % gain in terms of mean UPT compared to cell-specific scheme.

Observation 8: UE-specific beamformed CSI-RS based scheme achieves similar performance compared to 2D codebook based scheme.
· UE-specific beamformed CSI-RS based scheme tend to achieve better performance for (M, N, P, Q) = (8, 4, 2, 32)

Observation 9: Performance fluctuation from increasing the number of vertical beam is observed to behave differently in different antenna configurations, which indicates the requirement of antenna array specific beam optimization. For instance, it can be assumed, that some beam increases inter-cell interference.

The above observations indicate an antenna array specific optimization requirement for the beam design. 
Summary
In this contribution, we further study the detail of the two candidate enhancement schemes, i.e., beamformed CSI-RS and non-precoded CSI-RS, and compare them using system-level evaluation. Based on the discussion, we made the following observations and proposals.
Observation 1: Non-precoded CSI-RS based scheme is generally not suitable for the systems with large number of eNB antennas.
Observation 2: Beamformed CSI-RS based scheme realize flexible configuration of beam direction depending on the eNB antenna structure and deployment scenario.
Observation 3: It is necessary to consider codebook design which can flexibly adopt to different eNB antenna structure and deployment scenarios, if non-precoded CSI-RS based scheme is considered.
Observation 4: Beamformed CSI-RS based scheme requires same or larger CSI-RS overhead compared to non-precoded CSI-RS based scheme, when the number of beamformed CSI-RSs is 4 or 8. UE-specific beamformed CSI-RS based approach may efficiently reduce the overhead.
Observation 5: Beamformed CSI-RS based approach may achieve following advantages compared to non-precoded CSI-RS based approach.
· Smaller specification impact
· Beamforming gain for CSI-RS
· Higher forward compatibility to future systems using larger number of antennas and higher frequency
Observation 6: Beamformed CSI-RS based approach may have following disadvantages compared to non-precoded CSI-RS based approach.
· Procedure can be complicated, if UE-specific scheme is applied for non-reciprocity based operation.
· Multiple-beam selection may not be easy due to difficulty to consider inter-beam interference.
Observation 7: UE-specific beamformed CSI-RS based scheme achieves better performance compared to cell-specific CSI-RS based scheme. This is because UE-specific beamformed CSI-RS achieves lower overhead.
· For (M, N, P, Q) = (8, 4, 2, 16) with high load, UE-specific based scheme achieves 8.7 % gain in terms of mean UPT compared to cell-specific scheme.
· For (M, N, P, Q) = (8, 4, 2, 32) with high load, UE-specific based scheme achieves 17.4 % gain in terms of mean UPT compared to cell-specific scheme.

Observation 8: UE-specific beamformed CSI-RS based scheme achieves similar performance compared to 2D codebook based scheme.
· [bookmark: _GoBack]UE-specific beamformed CSI-RS based scheme tend to achieve better performance for (M, N, P, Q) = (8, 4, 2, 32)

Observation 9: Performance fluctuation from increasing the number of vertical beam is observed to behave differently in different antenna configurations, which indicates the requirement of antenna array specific beam optimization. For instance, it can be assumed, that some beam increases inter-cell interference.
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	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(M, N, P, Q) = (8, 4, 2, 16), (8, 4, 2, 32), (dH, dV) = (0.5 , 0.8 ), etilt = 100 deg.

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0/90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU/MU-MIMO dynamic switching

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	CSI feedback scheme
	Subband PMI and CQI

	CSI-RS transmission interval /
CSI feedback interval
	5 ms for RI, PMI and CQI, 200 ms for beam selection

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes
(low: ~20 % RU, medium: ~50 % RU, high: ~70 % RU)

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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Beamformed CSI-RS (cell-specific)

Non-precoded

CSI-RS

Num. of beamformed CSI-RSs 1 (Ref.) 2 (Baseline) 4 8

Case

1 0.5 % 1.0 % 1.9 % 3.8 % 1.0 %

2 0.5 % 1.0 % 1.9 % 3.8 % 1.9 %

3 1.0 % 1.9 % 3.8 % 7.6 % 1.9 %

4 1.0 % 1.9 % 3.8 % 7.6 % 3.8 %

5 1.0 % 1.9 % 3.8 % 7.6 % 1.9 %

6 1.0 % 1.9 % 3.8 % 7.6 % 3.8 %
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Arriving Rate

(UE/sector/s)

Performance Metrics

Phase-1

(8, 4, 2, 8)

Baseline

(Cat. 2)

Beam 

Selection

(Cell V = 4)

Beam

Selection

(UE V = 8)

2D Codebook

(V = 8)

1.6

UPT

(Mbits/s)

Mean 33.9 (95.2 %) 35.6 (100 %) 34.2 (96.1 %) 35.7 (100.3 %) 35.5 (99.7 %)

50 % 32.5 (89.8 %) 36.2 (100 %) 34.4 (95.0 %) 36.5 (100.8 %) 36.5 (100.8 %)

5 % 10.8 (85.7 %) 12.6 (100 %) 12.2 (96.8 %) 12.1 (96.0 %) 12.2 (96.8 %)

Resulting RU 21.4 % 18.8 % 20.4 % 19.6 % 19.1 %

2.8

UPT

(Mbits/s)

Mean 20.6 (88.8 %) 23.2 (100 %) 23.5 (101.3 %) 24.6 (106.0 %) 25.5 (109.9 %)

50 % 16.2 (83.9 %) 19.3 (100 %) 19.7 (102.1 %) 20.8 (107.8 %) 21.7 (112.4 %)

5 % 4.9 (80.3 %) 6.1 (100 %) 6.4 (104.9 %) 6.8 (111.5 %) 7.5 (123.0 %)

Resulting RU 51.9 % 46.1 % 44.4 % 43.1 % 41.6 %

3.4

UPT

(Mbits/s)

Mean 14.5 (78.8 %) 18.4 (100 %) 18.5 (100.5 %) 20.1 (109.2 %) 20.0 (108.7 %)

50 % 10.7 (73.8 %) 14.5 (100 %) 14.7 (101.4 %) 16.1 (111.0 %) 16.1 (110.0 %)

5 % 2.8 (63.6 %) 4.4 (100 %) 4.6 (104.5 %) 5.1 (115.9 %) 5.2 (118.2 %)

Resulting RU 70.3 % 60.1 % 58.7 % 56.4 % 56.1 %
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Resulting RU 21.4 %

18.8 % 20.0 % 18.1 % 18.7 %
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UPT
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Mean 20.6 (88.8 %)

23.2 (100 %) 23.4 (100.9 %) 27.4 (118.1 %) 25.3 (109.1 %)

50 % 16.2 (83.9 %)

19.3 (100 %) 20.2 (104.7 %) 24.1 (124.9 %) 22.0 (114.0 %)

5 % 4.9 (80.3 %)

6.1 (100 %) 7.0 (114.8 %) 8.1 (132.8 %) 7.7 (126.2 %)

Resulting RU 51.9 %

46.1 % 42.3 % 38.7 % 41.9 %
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Resulting RU 70.3 %

60.1 % 57.6 % 52.7 % 54.0 %
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(2) BI, RI, PMI, CQI(s)
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