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1. Introduction

In RAN1#80 meeting, the following agreements were made regarding high level categories for potential CSI-RS and feedback enhancements, and potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation [1]:

	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



It was discussed the number of configurable NZP CSI-RS ports per CSI process may need to be increased if non-precoded CSI-RS-based schemes are considered for FD-MIMO operations. In this contribution we focus on the discussions regarding non-precoded CSI-RS-based schemes and their potential enhancements.

2. Discussions
2.1. Potential non-precoded CSI-RS enhancements
In our companion contribution [2], potential CSI-RS enhancements considering beamformed CSI-RS are discussed, where the design merit is its applicability of time division multiplexing (TDM) for different CSI-RS port-groups, each having differently beamformed CSI-RS ports. Here, the scale of TDM can be several subframes or more, thanks to the differently vertical-beamformed ports for a port-group so that different port-groups do not have to be transmitted at the same time (or almost at the same time, e.g., within a couple of OFDM symbols). UE’s CSI feedback can consist of such port-group selection feedback based on a selection codebook (as vertical feedback) and conventional short-term CSI feedback based on existing constant-modulus codebook (as horizontal feedback). More details on this scheme are found in the companion contribution [2].
When we consider non-precoded CSI-RS based design with more than 8 ports, e.g., 16, 32, or 64 ports, however, such subframe level TDM between CSI-RS ports in the same CSI-RS resource may be challenging since all the non-precoded CSI-RS ports may need to be measured and used all together for CSI derivation for supporting FD-MIMO. Including such challenges, here we categorize potential enhancement alternatives for further discussion below.

· Alt.1: TDM based non-precoded CSI-RS design
In Figure 1, existing 8-port CSI-RS patterns are depicted, where total 40 ports per PRB pair per subframe can be utilizable. If we follow the same design principle in terms of time spread of RS ports within a single CSI-RS resource, maximally 24 ports (all REs in 9th and 10th OFDM symbols in the figure) per CSI-RS resource can be defined for supporting FD-MIMO. This straightforward extension to increase CSI-RS ports up to 24, however, still cannot cover 32 port and 64 port cases. Also, such 24-port CSI-RS can only be used once per subframe, meaning other 8-port CSI-RS pattern 0 (in 5th and 6th symbols in the figure) and pattern 4 (in 12th and 13th symbols in the figure) cannot be used for supporting FD-MIMO.
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Figure 1. Existing 8-port CSI-RS patterns in a PRB pair.
Therefore, we can consider one step further extension in terms of time spread of RS ports within a subframe (e.g., including 8-port CSI-RS pattern 0 and/or 4 in the figure) resulting in total 40 ports CSI-RS to be defined, which can cover 32-port CSI-RS configuration. Specifically, we may define an exact 32-port CSI-RS configuration comprising 8-port CSI-RS patterns 1,2,3,4 in the figure, where in this case the time spread of RS ports is the length of 4 OFDM symbols. In this case, the remaining 8-port CSI-RS pattern 0 may be used for legacy UE support. Similarly, we may define an exact 16-port CSI-RS configuration comprising 8-port CSI-RS patterns x and y, for which (x,y) = (1,2), (1,3), or (2,3), where in this case the time spread of RS ports is the same as that in the legacy design. Or, we may also consider including the 8-port CSI-RS pattern 4 for constructing 16-port CSI-RS configuration.

Proposal 1: Non-precoded CSI-RS configuration up to 32 ports in a single subframe can be considered by reusing legacy 8-port CSI-RS patterns.

To support 64-port CSI-RS configuration for FD-MIMO, there can be two further alternatives regarding TDM, which are respectively multiple subframe extension and additional RE usage as summarized below:
· Alt.1-1: Further extension to multiple subframes
· Alt.1-2: Using additional REs in addition to existing candidate CSI-RS REs.
Alt.1-1 allows multiple subframe aggregation for available REs for CSI-RS ports up to 64 (or more for future extension), but for this case, a kind of compensation method is needed to overcome channel phase offset between RS ports transmitted on different subframes. For example, UE may compensate the phase offset estimated by CRS measured on different subframes, then apply this to the CSI-RS based channel measurement when deriving CSI for FD-MIMO.

Alt.1-2 defines additional REs to be used for CSI-RS ports for FD-MIMO purpose. For example, the same patterns of existing 8-port CSI-RS patterns 1,2,3 can be repeated to the 2nd and 3rd OFDM symbols, with new pattern indexes, e.g., pattern 1a, 2a, and 3a. Then, we can have in total eight 8-port CSI-RS patterns in a single subframe, resulting in 64 ports to be supported for FD-MIMO. For this configuration, PDCCH length is restricted to first 2 OFDM symbols, and the occurrence of this particular subframe can be preconfigured to the UE or controlled by signaling provided to the UE.

Proposal 2: Additional REs in addition to existing candidate CSI-RS REs can be considered to support 64 port CSI-RS configuration in a single subframe.

· Alt.2: FDM based non-precoded CSI-RS design
Here, FDM based design approach may first consider RB-level FDM of CSI-RS ports to increase the total number of CSI-RS ports configured to UE for supporting FD-MIMO. In the current possible CSI-RS patterns as illustrated in Figure 1, the same RS port is allocated every 12 subcarriers, meaning RS density for a CSI-RS port is 1 per PRB pair. If we define a new CSI-RS pattern with alternating RBs, e.g., the same RS port is allocated every 24 subcarriers, we can even support 64 port CSI-RS configuration within a single subframe with reusing only the existing CSI-RS patterns. For this approach, it needs to be further investigated how to apply the method on cases when the channel delay spread is large.

2.2. Potential codebook and CSI feedback enhancements
Based on the discussion in the previous subsection, UE can be configured with more than 8 non-precoded CSI-RS ports per CSI process for supporting FD-MIMO. Measuring on the full CSI-RS ports, e.g., 16, 32, 64 ports, UE derives corresponding CSI using a predefined codebook. The codebook to be used in this case may also be full sized codebook, e.g., 16-tx, 32-tx, or 64-tx codebook, required to be newly defined. Designing such new codebooks, however, requires a lot of efforts in standardization in general, so that it does not seem to be feasible considering the limited time schedule of the SI.
Instead, it is natural to have a systematic codebook structure based on Kronecker product between existing or DFT-based constant modulus codebooks. 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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Here, the horizontal domain codebook for deriving H-precoding 
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 can be the existing LTE codebook, e.g., 2-tx, 4-tx, and 8-tx codebooks.

Regarding the vertical domain codebook, however, it needs to be defined which type of codebook is desired to be used for FD-MIMO support such as the same LTE codebook or DFT codebook, which was already mentioned in [3]. In the following, we evaluate the performance difference when using the vertical codebook to be either one of the listed options:

· Option 1:  2-bit DFT codebook
· Option 2:  3-bit DFT codebook
· Option 3:  Rel-8 4-Tx codebook
For the evaluation, we consider the non-co-channel HetNet scenario with (8,4,2,8) for macro cell and (4,2,2,16) for small cell. For macro cell, 1 TXRU per polarization is assumed, and for small cell, 4 TXRUs per polarization is assumed. Also, bias value for cell association between small cell and macro cell is 1.8dB. For option 1, {75.5, 90.0, 104.5, 120.0} etilt are used for DFT codebook, and for option 2, {41.4, 60, 75.5, 90, 104.5, 120, 138.6, 180} etilt are used for DFT codebook. For option 3, Rel.8 4-Tx codebook is used for the simulation. Table 1 presents the evaluation results of full buffer model for options 1, 2, 3.
Table 1: 5%, 50% UE and average sector throughput results of full buffer simulations 
according to different vertical codebook options
	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	Option 1
	2.56
	0.138      (99%)
	0.486

	Option 2
	2.62
	0.139    (100%)
	0.499

	Option 3
	2.62
	0.141 (101.1%)
	0.500


It can be observed that the performance of options 1, 2, 3 are almost same. It may be sufficient to use 4 vertical codewords as in Option 1 in terms of performance.
Proposal 3: For vertical codebook, it is shown to be sufficient to use 2-bit DFT codebook in terms of performance.
3. Conclusion
In this contribution, we discussed non-precoded CSI-RS-based scheme enhancements for supporting FD-MIMO. The proposals based on the discussion are given as follow:
Proposal 1: Non-precoded CSI-RS configuration up to 32 ports in a single subframe can be considered by reusing legacy 8-port CSI-RS patterns.

Proposal 2: Additional REs in addition to existing candidate CSI-RS REs can be considered to support 64 port CSI-RS configuration in a single subframe.

Proposal 3: For vertical codebook, it is shown to be sufficient to use 2-bit DFT codebook in terms of performance.
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References
[1] RAN1#80 Chairman’s Notes.
[2] R1-151532, Discussion on beamformed CSI-RS-based scheme enhancements, LG Electronics.
[3] R1-150816, WF on EB/FD-MIMO CSI feedback enhancements, Samsung, ZTE. 
Appendix A: Simulation Parameters and Assumptions
	Deployment scenario
	3D-UMa with ISD = 500m 

	BS antenna configurations 
	(M,N,P) = (8,4,2), MTXRU = 1, 0.5λ H/0.8 λ V for macro cells

(M,N,P) = (4,2,2), MTXRU = 4, 0.5λ H/0.5 λ V for small cells

	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 clusters per macro cell
	1

	Number of small cells per cluster
	4

	Number of UEs per macro cell
	30 

	Small cell distribution
	Follows the agreements of RAN1#79

	UE distribution 
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from [1] 

	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 
	Full buffer model

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)  

	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, only CRS port 0 is modeled for UE attachment, CRS port 0 is mapped to the first TXRU.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2 

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook for horizontal codebook, 

Rel-8 4Tx codebook, DFT codebook for vertical codebook

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

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Mean, 5%, 50% UE throughput

	Carrier Frequency 
	2GHz for macro cells and 3.5GHz for small cells
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