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1. Introduction

At the RAN1 #80 meeting, issues on CSI acquisition schemes were discussed in order to enable CSI acquisition for two dimensional and larger antenna configuration for 3D MIMO. Agreements are summarized as follows [1].
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In this contribution, we show two potential enhancements for CSI acquisition with beamformed CSI-RS-based and non-precoded CSI-RS-based schemes and evaluate to demonstrate the effectiveness of the proposed schemes.
2. 3D MIMO Precoding Schemes
2.1. Requirements for enhanced scheme
At the previous RAN1 meetings, there have been discussions on details of typical deployment scenarios, evaluation assumptions, eNB antenna structures, etc. There are diverse proposals on the number of antenna elements in horizontal domain, i.e., N in a set of {1, 2, 4, 8 and 16}. Furthermore, there is additional flexibility in the vertical domain, which is not in the case for the legacy MIMO studies in 3GPP. In practice, there are various configurations for commercial eNB antenna and they are not designed to satisfy power-of-two rules as in horizontal domain. Considering the current situation, Rel. 13 precoding scheme should be designed to be sufficiently flexible to support diverse eNB antenna structures.

At the previous meetings, several application scenarios were identified for 3D MIMO. In order to achieve higher beamforming gain, it is highly desirable if direction of precoded beam can be configured for every eNB depending on deployment scenario and surrounding environment, e.g., location of eNB antenna and neighboring cells and UE distribution. For instance, when 3D beamforming is applied in 3D-UMa scenario, vertical beam should be down-tilted, since UEs are deployed below eNB antenna, and for 3D-UMi scenario, vertical beam can be up-tilted for UEs above eNB antennas. Flexibility of beam direction is important in order to avoid large inter-cell interference, and in practice, there are strong efforts for adjusting tilting angle in order to avoid inter-cell interference even for the legacy system using static vertical tilt. In this sense, Rel. 13 precoding should realize flexible configuration of beam direction depending on the eNB deployment, especially for the vertical domain.
Observation 1: Rel. 13 precoding scheme should be flexibly applicable to various eNB antenna configurations.

Observation 2: Rel. 13 precoding should realize flexible configuration of beam direction depending on the eNB deployment, especially for the vertical domain.
2.2. Candidate precoding schemes
· Precoded CSI-RS based approach (beam selection)
Fig. 1 shows general procedure of the precoded CSI-RS based approach. In this scheme, CSI is acquired using multiple precoded CSI-RSs with example procedure shown below.

1) eNB transmits multiple precoded CSI-RSs with different beam direction. 
2) UE derives CSIs, i.e., RIs, PMIs, CQIs, for each of the CSI-RSs.
3) eNB selects the best precoded CSI-RS (beam direction) and conduct precoding to PDSCH using selected beam direction and its CSI.

Considering that the existing codebooks are designed for horizontal beamforming, it may be straight forward that the precoded CSI-RSs are transmitted in vertical domain, i.e., multiple precoded CSI-RSs are transmitted with different tilting angle, although it should be also possible to further precode the CSI-RS in the horizontal dimension. In the Rel. 12 LTE, UE can be configured with up to three NZP CSI-RS [2]. It means that the number of precoded CSI-RSs is limited to three and may be beneficial to increase the number of supported ZNP CSI-RSs or CSI processes as a Rel. 13 enhancement. In addition, it may be beneficial to reduce CSI feedback overhead, since it is not always necessary to report CSIs to the eNB. 
The precoded CSI-RSs can be a fixed precoder set, which is common to all UEs, i.e., cell-specific precoded CSI-RS. In this sense, the performance is similar to the codebook based scheme which defines the same precoder in the codebook. Another implementation of the beam selection scheme can be achieved by exploiting the channel reciprocity. The eNB obtains the statistical channel information for each UE and exploit such information to precode the CSI-RS. In this way, the precoded CSI-RS can be created in a UE-specific manner, which creates a much more accurate beam control granularity with very limited CSI-RS overhead, since the required CSI-RS is greatly compressed by precoding.  
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Figure 1. Example image of precoded CSI-RS based approach
· 2D codebook based approach
Equations (1) show 2D codebook design evaluated in this contribution.          
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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.
3. Performance Evaluation and Qualitative Comparison
3.1. 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, 2, 2, 8) and (8, 4, 2, 16). We also show baseline performance as reference results, in which two precoded CSI-RSs are used for vertical beamforming.
Table 1 shows overhead of CSI-RS and CSI feedback bits for four different antenna structures. Here, we assume CSI-RS periodicity of 5 ms and the number of precoded CSI-RSs of 4. For precoded CSI-RS based approach, CSI-RS overhead increases according to the number of precoded CSI-RSs. Assuming that the number of precoded CSI-RS is 4, difference of CSI-RS overhead for two enhanced schemes is up to 1.9 % for these four eNB antenna configurations. Regarding CSI feedback, the number of feedback bits increases according to the resolution of the codebook (resolution of precoding vectors) for 2D codebook based approach. For both schemes, it is possible to reduce the number of feedback bits for long-term channel information, e.g., precoder selection in vertical domain, although it highly depends on detailed design of CSI-RS structure and CSI feedback schemes. Finally, Table 2 and 3 show evaluation results for the eNB antenna configuration of (8, 2, 2, 8) and (8, 4, 2, 16), respectively. In the table, we also show gain compared to baseline schemes.
Table 1: Overhead of CSI-RS and CSI feedback
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Table 2: Performance of enhanced precoding schems (8, 2, 2, 8)
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(4 V-beams)
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codebook

(8 V-beams)

1.6

UPT

(Mbits/s)

Mean 30.1 30.7 (2.0 %) 31.9 (6.0 %) 31.7 (5.3 %)

5% 8.6 9.3 (8.1 %) 9.7 (12.8 %) 9.8 (14.0 %)

50% 27.4 28.5 (4.0 %) 29.7 (8.4 %) 29.1 (6.2 %)

Resulting RU 24.3 % 23.9 % 22.6 % 22.7 %

2.8

UPT

(Mbits/s)

Mean 15.3 16.9 (10.5 %) 17.3 (13.1 %) 17.5 (14.3 %)

5% 3.1 3.5 (12.9 %) 4.0 (29.0 %) 4.0 (29.3 %)

50% 11.3 12.7 (12.4 %) 13.3 (17.7 %) 13.4 (18.6 %)

Resulting RU 62.2 % 58.1 % 57.0 % 57.2 %

3.0

UPT

(Mbits/s)

Mean 12.1 15.8 (30.6 %) 15.4 (27.3 %) 14.3 (18.2 %)

5% 2.2 3.2 (45.5 %) 3.1 (40.9 %) 3.1 (40.9 %)

50% 8.6 12.0 (39.5 %) 11.2 (30.2 %) 10.6 (23.3 %)

Resulting RU 74.1 % 62.4 % 63.0 % 67.4 %


Table 3: Performance of enhanced precoding schems (8, 4, 2, 16)
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1.6

UPT

(Mbits/s)

Mean 35.6 34.2 (-3.9 %) 34.7 (-2.5 %) 35.5 (-0.3 %)

5% 12.6 12.2 (-3.2 %) 12.1 (-4.0 %) 12.2 (-3.2 %)

50% 36.2 34.4 (-5.0 %) 34.7 (-4.1 %) 36.5 (0.8 %)

Resulting RU 18.8 % 20.4 % 20.2 % 19.1 %

2.8

UPT

(Mbits/s)

Mean 23.2 23. 5 (1.3 %) 24.8 (6.9 %) 25.5 (9.9 %)

5% 6.1 6.4 (4.9 %) 7.0 (14.8 %) 7.5 (23.0 %)

50% 19.3 19.7 (2.1 %) 21.2 (9.8 %) 21.7 (12.4 %)

Resulting RU 46.1 % 44.4 % 41.7 % 41.6 %

3.4

UPT

(Mbits/s)

Mean 18.4 18.5 (0.5 %) 19.2 (4.3 %) 20.0 (8.7 %)

5% 4.4 4.6 (4.5 %) 4.6 (4.5 %) 5.2 (18.2 %)

50% 14.5 14.7 (1.4 %) 15.0 (3.4 %) 16.1 (11.0 %)

Resulting RU 60.0 % 58.7 % 57.8 % 56.1 %


From the evaluation results, we observe followings.

Observation 3: Performance gain of enhanced schemes increases according to the traffic load.
· For (M, N, P, Q) = (8, 2, 2, 8) with 4 vertical beams, enhanced schemes achieves up to 30.6 % gain in terms of mean UPT.

· For (M, N, P, Q) = (8, 4, 2, 16) with 4 vertical beams, enhanced schemes achieves up to 6.9 % gain in terms of mean UPT.
Observation 4: 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. 
3.2. Qualitative comparison
As discussed at the previous meeting, the comparison of the MIMO transmission schemes shall not only rely on the performance, but also take into consideration of other impact factors, e.g. overhead, deployment flexibility and complexity. Table 3 shows qualitative comparison between two candidate schemes for 3D beamforming.
Table 3: Qualitative comparison between two precoding schemes
	
	Precoded CSI-RS
	2D codebook

	Overhead
	CSI-RS
	Proportional to the number of precoded CSI-RSs
	Proportional to the number of APs

	
	CSI feedback
	Additional feedback for beam selection
	Proportional to the resolution of precoding vectors

	Flexibility
	eNB antenna structure
	( High (precoder can be adjusted by implementation)
	( Low (codebook design is tied to specific eNB antenna configuration)

	
	eNB deployments
	( High (precoder can be optimized by implementation)
	( Low (beam pattern is determined by antenna configuration and codebook design)

	Other
	Advantages
	· Smaller spec. impact
· Precoding gain is obtained for CSI-RS
· More forward compatible to future systems using larger number of antenna and higher frequency
	

	
	Disadvantages
	
	· Larger spec. impact
· Lower forward compatibility to future systems using larger number of antenna and higher frequency


Regarding the flexibility on eNB antenna structure and deployment, precoding CSI-RS based approach achieves higher flexibility, since precoder can be optimized by implementation. On the other hand, codebook-based precoding relies 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. Hence, codebook-based approach may have certain limitation on eNB antenna structure and deployments.
Furthermore, precoded CSI-RS based approach is more advantageous due to following reasons. First, it is expected that precoded CSI-RS based scheme has relatively small specification impact, since we can reuse functionality of multiple CSI processes specified for Rel. 11 downlink CoMP operation. Secondly, precoding gain is obtained for CSI-RS, although it was not reflected in our simulation. This characteristic becomes very important when we consider operating in higher frequency band with larger propagation loss. Finally, this scheme is expected to be more forward compatible assuming larger number of antennas and higher frequency operation.  
Observation 5: Precoded CSI-RS based approach achieves following advantages compared to codebook based approach.

· Higher flexibility on eNB antenna structure and network deployment

· Smaller specification impact by reusing multiple CSI processes
· Precoding gain is obtained for CSI-RS, which is important for higher frequency operation.
· Higher forward compatibility to future systems using larger number of antenna and higher frequency
Proposal: Precoded CSI-RS based approach should be studied as Rel. 13 enhancement, if performance difference to codebook based approach is small.
4. Summary

In this contribution, we compared two major precoding schemes for 3D MIMO and conducted system-level evaluation on 3D-UMi scenario with 2 GHz. Based on the discussion, we made the following observations and proposals.
Observation 1: Rel. 13 precoding scheme should be flexibly applicable to various eNB antenna configurations.

Observation 2: Rel. 13 precoding should realize flexible configuration of beam direction depending on the eNB deployment, especially for the vertical domain.
Observation 3: Performance gain of enhanced schemes increases according to the traffic load.

· For (M, N, P, Q) = (8, 2, 2, 8) with 4 vertical beams, enhanced schemes achieves up to 30.6 % gain in terms of mean UPT.

· For (M, N, P, Q) = (8, 4, 2, 16) with 4 vertical beams, enhanced schemes achieves up to 6.9 % gain in terms of mean UPT.

Observation 4: 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.
Observation 5: Precoded CSI-RS based approach achieves following advantages compared to codebook based approach.

· Higher flexibility on eNB antenna structure and network deployment

· Smaller specification impact by reusing multiple CSI processes

· Precoding gain is obtained for CSI-RS, which is important for higher frequency operation.

· Higher forward compatibility to future systems using larger number of antenna and higher frequency
Proposal: Precoded CSI-RS based approach should be studied as Rel. 13 enhancement, if performance difference to codebook based approach is small.
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Appendix
Table A: Evaluation assumptions
	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, 2, 2, 8), (8, 4, 2, 16), (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


Agreements:


“High level categories” (sections for the TR) agreed in principle: 


Potential CSI-RS and feedback enhancements


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





Agreements:


Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation (to be captured in the TR):


For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations


Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 


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


Note: one CSI-RS port may be mapped onto one or more than one TXRUs


Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64


Number of beamformed CSI-RS ports per CSI-RS resource can be flexible
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