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1. Introduction
In RAN#65, EBF/FD-MIMO SI was approved for evaluating enhancements considering measurement antenna ports up to 64. In this paper, we discuss the scope and priorities of certain enhancements to be considered in this SI. 
2. Potential enhancements for 2D antenna array
The SID offers the scope for discussing a wide array of enhancements including RS, codebook, TxD, control signalling enhancements. In this section we only focus on certain high-level aspects relevant to the enhancements. 
2.1. CoMP + Elevation BF/FD-MIMO
COMP has been widely recognized as a key transmitter based interference mitigation scheme for LTE-A. When employing a 2D antenna array at the transmitter it is possible to envision enhancements to the existing capabilities for cooperation between arrays. Besides, many of the Rel.11 CoMP features, e.g. CSI process, CSI-RS resources and IMR, could be used as the starting point for FD-MIMO enhancements. In addition existing features from Rel-11 CoMP could also be used to provide standard transparent enhancements for FD-MIMO.
Considering the additional freedom introduced in the elevation domain there exist potential enhancements to interference coordination, e.g. CSI enhancement to improve coordination considering larger number of antenna ports. There is a distinction to be made here -  (i) enhancements specifically targeting cooperation across antenna ports belonging to multiple 2D arrays (co-sited or non co-sited) or (ii) enhancements specifically targeting techniques associated with antenna ports belonging to a single 2D array. In the interest of progress our preference is to not consider the first category of enhancements. 
Proposal: Rel.11 CoMP features, e.g. multiple CSI processes, CSI-RS resources and IMR could be used as a starting point for FD-MIMO enhancements. Rel-11 CoMP features could also be used to provide standard transparent enhancements in the performance evaluation of FD-MIMO.  

Proposal: Prefer not to consider performance evaluation or enhancements specifically targeting cooperation across antenna ports belonging to multiple 2D arrays (co-sited or non-co-sited).
2.2 CSI enhancement framework

CSI enhancement is a core component for any MIMO study. A fundamental challenge for supporting more than 8 antenna ports is the overhead for the required CSI feedback. Keeping in mind the Rel.10 8Tx design, we observe that the current feedback framework is not efficient enough especially when considering expanding the feedback payload size. Therefore we propose to consider enhancing the feedback framework to improve the efficiency, one example is to consider an on-demand CSI feedback, e.g. UE could report whether a part of the CSI is out dated which could help the eNB to efficiently assign resources for CSI feedback (only when it is needed).  
Proposal: Consider enhancement to the CSI feedback framework to support on-demand feedback
2.3 MU-MIMO enhancement 

Multi-user MIMO enhancement is one of the most important aspects of Massive MIMO technology. With more TXRUs, it is expected to have more accurate SDMA (spatial domain multiplexing access) effect which directly results in more orthogonal/quasi-orthogonal user pairing. Typically MU-MIMO enhancement is part of CSI feedback enhancement. We propose to consider MU-MIMO enhancement targeting 8 ports and above. 
Proposal: Consider MU-MIMO enhancements supporting different number of antenna ports. 
Previous discussions on MU-MIMO optimization focussed on MU CSI for better UE pairing along with better MU-MIMO MCS prediction. Focussing primarily on MU-MIMO MCS prediction (and not significantly on optimising UE pairing) could be a simpler problem to address while providing reasonable gains. We introduce a delay between MU-MIMO UE pairing decision at the scheduler and MU-MIMO PDSCH transmission. This allows an opportunity for the eNB to get accurate CSI feedback based on the knowledge of interference from co-scheduled UEs with actual transmit weight. Figure 1 and Figure 2 are preliminary results showing the potential of this concept in the case of a 8TXRU system. The simulation assumptions are the same as the phase-1 simulation assumptions for 3D-UMi scenario at 2GHz. The results shown below are for bursty traffic in high RU case.
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Figure 1: Throughput comparison (Mbps) for a system with 8 TXRUs with optimization for MU-MIMO MCS prediction
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Figure 2: Relative throughput gains in percentage due to optimization for MU-MIMO MCS prediction
3. Consider to decide the supported antenna ports before detailed enhancements
CSI feedback enhancements in general and also for optimizing MU-MIMO performance has been discussed multiple times in the past - in Rel.10 MIMO, Rel.12 eMIMO. MU-MIMO specific CSI enhancements can potentially help optimizing system performance especially with large number of antenna ports and MU-MIMO CSI enhancement should be part of EBF/FD-MIMO SI scope. However, looking at the list of potential enhancements discussed above, majority of the enhancements are needed only if we plan to support more than 8 antenna ports. Therefore, we propose to focus on deciding the supported antenna ports before considering detailed enhancement studies. This would also enable unified and scalable designs considering the number of antenna ports that are targeted.  
Proposal: RAN1 should decide the number of antenna ports to be supported before considering detailed enhancements specifically for 8 antenna ports
4. Conclusion
In this contribution, we presented our opinion regarding some of the potential enhancement for FD-MIMO with the following proposals:
Proposal: Rel.11 CoMP features, e.g. multiple CSI processes, CSI-RS resources and IMR could be used as a starting point for FD-MIMO enhancements. Rel-11 CoMP features could also be used to provide standard transparent enhancements in the performance evaluation of FD-MIMO.  

Proposal: Prefer not to consider performance evaluation or enhancements specifically targeting cooperation across antenna ports belonging to multiple 2D arrays (co-sited or non-co-sited).

Proposal: Consider enhancement to the CSI feedback framework to support on-demand feedback

Proposal: Consider MU-MIMO enhancements supporting different number of antenna ports. 

Proposal: RAN1 should decide the number of antenna ports to be supported before considering detailed enhancements specifically for 8 antenna ports
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Table 1: Simulation assumptions

	
	Parameters

	Scenario
	3D-UMi, 200m ISD

	eNB Tx antenna configuration
	M=8, N=4, P=2, MTXRU=1, dV=0.8λ, dH=0.5λ

	Tx power
	41dBm

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (high ~70%RU), the number of UEs is variable and according to desired load for bursty

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

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

	Carrier Frequency 
	2GHz

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

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

	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

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	CSI feedback
	CQI/PMI/RI Mode 3-2 based on Rel-12 8Tx codebook

	Scheduler
	Frequency selective scheduling (multiple UEs per TTI allowed). Added delay for accurate prediction of MU-MIMO MCS

	Transmission scheme
	TM10


