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1. Introduction
In RAN1#80 meeting, the following agreements were made regarding baseline categories and high level categories for potential CSI-RS and feedback enhancements [1]:
	Agreements:
· Following four categories of baseline (a.k.a. implementation based enhancement) schemes are captured in TR 36.897 based on RAN1#80 contributions: 

· Category 1:  Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector

· Category 2:  Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)

· Category 3:  Kronecker precoding with 2 CSI processes

· Category 4:  SRS based precoding scheme in TDD

· “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


Performance of baseline Category 3 is presented in our companion contribution [2], where 2 independent CSI processes are configured to UE for CSI reporting, and at the eNB side, FD-MIMO composite CQI is derived with taking the two CQIs into account. This baseline scheme employs partial CSI-RS transmissions, one for vertical direction and the other for horizontal direction. Alike beamformed or hybrid beamfored CSI-RS-based schemes [3], [4], it is expected that such partial CSI-RS-based schemes are effective in terms of RS overhead reduction and network flexibility regarding RS configurations for FD-MIMO support. In this contribution, we focus on discussions related to the partial CSI-RS-based transmission schemes.
2. Discussions
One of important issues for this SI is how many CSI-RS ports would need to be measured by UE, when a large number of transmit antennas are implemented at the eNB side for FD-MIMO operations. Considering the systems where FD-MIMO is operated by utilizing two-dimensional antenna array with a large number of antennas, it needs to be investigated whether N-port (N>8) CSI-RS configuration is necessary to be specified or not. For the massive MIMO systems with a large number of antenna elements, the number of ports for CSI-RS transmission would be increased proportionally as the number of antenna elements grows.
Although a straightforward extension of the configurable number of CSI-RS ports to be over 8 can be considered, e.g., by extending candidate RE locations per PRB pair, it may lead to rather much impact to the specification including the modification of CSI-RS configuration with N>8 ports and corresponding RE locations, or a subframe level extension as well to cover much larger N-port CSI-RS configuration case. In addition, as N increases per CSI-RS configuration, RS resource overhead would be proportionally increasing which may result in the throughput reduction.
Proposal 1: It needs to be investigated whether N-port (N>8) CSI-RS configuration is necessary to be specified or not.
Based on the above observation, it may be desirable to reuse the current CSI-RS port configuration (up to 8 ports), and we may consider some approaches based on current CSI-RS configuration to support FD-MIMO. In [5], it is shown that the channel correlation matrix can be well approximated by the Kronecker product of correlations in azimuth and elevation dimensions. Therefore, a combination of two CSI-RSs in azimuth and elevation dimensions for Kronecker precoding can be considered, where each CSI-RS can have up to 8 ports (as currently is the case) so that the total 64 ports can be represented by the Kronecker product property. As described, it is expected that the large number of antennas can be represented by combination of less number of CSI-RS ports.
For convenience, we consider the following antenna configuration as an example case. We consider the antenna array configuration with 
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 as shown in Figure 1, and assume one to one mapping between TXRUs and antenna elements where each TXRU is mapped to one CSI-RS port as an example. It is assumed two independent CSI processes are configured to UE:

1) 4-port H-CSI process: one CSI-RS port per polarization. 

2) 8-port V-CSI process: one to one mapping with the 8 TXRUs for a column with a same pol.
For CSI-RS port indexing, it is assumed in the simulation that

1) Port 15-18; Port 15-16 and Port 17-18 is co-polarized, separately.

2) Port 15-22.
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Figure 1. An illustration of 2D-AAS antenna configuration for partial CSI-RS configurations
In the method of Kronecker precoding, the whole channel precoding matrix 
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 can be derived from the V-precoding 
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 and H-precoding 
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with the Kronecker product operator.
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To obtain such precoding matrixes 
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 and 
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, CSI measurements on both V-domain and H-domain channels can be performed by UE, based on respectively 8-port V-CSI-RS configuration and 4-port H-CSI-RS configuration as an example, which is shown in Figure 1. With this scheme, codebook designing for large scale AASs can be divided into vertical and horizontal codebook separately. 
As a result, this can simplify codebook designing issues in that we can re-use or extend the legacy codebooks for the horizontal one in a straightforward manner, and design the vertical one with linear phase increment for instance. Secondly, this can reduce RS overhead and CSI feedback overhead, since the total 12 antenna ports are required to be measured, rather than the total 32 antenna ports for improving the channel measurement quality in exchange of the increased overhead and complexity. Finally, this can reduce PMI feedback overhead because it requires two codebooks, each of which has probably even smaller size than a single codebook representing whole channel at once.
Proposal 2: Kronecker precoding can be considered as a simple precoding mechanism for supporting a large number of 2D-AAS transmit antennas.
Simulation results comparing performance between baseline Category 3 and enhanced scheme 1 is shown in Table 1. Baseline Category 3 is described in our companion contribution [2]. For enhanced scheme 1, a single combined CQI is calculated at UE side with the total Kronecker precoding matrix 
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, considering the relation between vertical and horizontal CSI-RSs. Note that vertical rank is restricted to 1 in both cases. 
Table 1. Performance comparison between enhanced scheme 1 and baseline Category 3.
	
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Category 3
	2.828
(100%)
	0.4429

(100 %)
	2.531
(100%)
	0.28
	1.5

	Enhanced scheme 1 
	3.407
(121%)
	0.7937 

(179 %)
	3.448
(136%)
	0.21
	

	Category 3
	2.194
(100%)
	0.1520
(100%)
	1.747
(100%)
	0.44
	2.0

	Enhanced scheme 1
	2.779
(127%)
	0.3717
(245%)
	2.516
(144%)
	0.34
	

	Category 3
	1.371
(100%)
	0.0155
(100%)
	0.844
(100%)
	0.74
	3.0

	Enhanced scheme 1
	1.858
(136%)
	0.0648
(418%)
	1.370
(162%)
	0.65
	

	Category 3
	0.2584
(100%)
	0.0031
(100%)
	0.1868
(100%)
	Full buffer

	Enhanced scheme 1
	0.2651
(103%)
	0.0114
(368%)
	0.1717
(92%)
	


As observed in the table, baseline Category 3 shows performance degradation compared to enhanced scheme 1. It is mainly due to CQI mismatch when combining two reported CQI at eNB side, since it is not accurate to derive a single CQI from independently reported vertical and horizontal CQIs. Therefore, CQI enhancement considering a combined CQI calculated at UE sides as in the enhanced scheme 1 is required to support separate vertical and horizontal CSI-RS based scheme.
Proposal 3: CQI enhancement considering a combined CQI from UE side is required to support separate vertical and horizontal CSI-RS based schemes.
Another potential approach for CSI measurement would be to use a limited number of CSI-RS ports N, with time-varying TXRU-to-port mapping over different subframes. In other words, every time instance when the CSI-RS is transmitted, the N CSI-RS ports may be mapped to different TXRUs. Overall, it is expected that, effectively, CSI for a large number of antenna ports can be obtained at the eNB side with much smaller number of N CSI-RS ports transmitted per measurement time instance. We elaborate this approach by taking an example, where 4 ports CSI-RS is configured to the UE and the UE is informed of such 4 ports mapping patterns as in Figure 2 for combining partial channels.
There can be an UE assumption that the UE should not average the measurement results across multiple time instances unless indicated otherwise. The UE follows one of the two types of CSI feedback; one is CSI reporting only on a partial channel measured by N CSI-RS ports in a particular subframe ti as in Figure 2, and the other can be CSI reporting on a composite channel, e.g., the whole estimated channel reconstructed by combining partial channels in multiple time instances. As a result, it is expected that, effectively, CSI for a large number of antenna ports (e.g., 16 in the figure) can be obtained at the eNB side with much small number of N CSI-RS ports (e.g., N=4) transmitted per measurement time instance.
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Figure 2. Partial CSI-RS pattern for 16 cross-pole antenna elements.
Proposal 4: Consider schemes relying on a limited number of CSI-RS ports with different port mapping per measurement instance which can be used for obtaining CSI for a large scale 2D-AAS.
3. Conclusion
In this contribution, we discussed our views on partial CSI-RS-based scheme enhancements for supporting FD-MIMO operations. The proposals based on the discussion are given as follow:
Proposal 1: It needs to be investigated whether N-port (N>8) CSI-RS configuration is necessary to be specified or not.
Proposal 2: Kronecker precoding can be considered as a simple precoding mechanism for supporting a large number of 2D-AAS transmit antennas.
Proposal 3: CQI enhancement considering a combined CQI from UE side is required to support separate vertical and horizontal CSI-RS based schemes.
Proposal 4: Consider schemes relying on a limited number of CSI-RS ports with different port mapping per measurement instance which can be used for obtaining CSI for a large scale 2D-AAS.
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Appendix A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 x 2 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per cell
	10 for full buffer

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) from TR36.814

	Scheduler 
	Subband scheduling

	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-RS, CRS 
	CSI-RS one-to-one mapping to TXRU,

CRS port 0 is modeled for UE attachment. CRS port 0 pattern is modeled same as the one for CSI-RS port 15.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUCCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4tx horizontal codebook, 8tx DFT vertical codebook with 4 feedback bits

	Overhead
	3 symbols for DL CCHs, 2 CRS ports, DM-RS with 12 REs

	Transmission scheme
	TM10, 2 CSI process, SU/MU dynamic switching with rank adaptation (no CoMP)

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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