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1. Introduction

In RAN1#84bis meeting, following agreements are captured in the chairman’s note regarding the enhancements of newly supported non-precoded CSI-RS ports in eFD-MIMO.
	Agreements: 

· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].

· The number of REs in the kth configuration Nk ∈ {4, 8}

· The same Nk = N can be used for all k 

· FFS whether the same Nk = N for all k is the only permitted configuration 

· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports

· FFS whether a different set of Nk might apply in case of CDM4

· FFS on including Nk=2.

· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 

· The per-port CSI-RS density is FFS based on one or more of the following alternatives:

· FDM

· TDM

· Partial port

· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2

· Aperiodic CSI-RS with partial bandwidth

· Measurement restriction in frequency domain

· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 

· Other schemes 

· Note that the following are not precluded:

· per-port CSI-RS density per PRB = 1

· different per-port CSI-RS densities for different CSI-RS ports is not precluded




In this contribution, we further discuss the details on 20-, 24-, 28- and 32-port CSI-RS designs with overhead reduction mechanism to support eFD-MIMO. 

2. Discussion on {20, 24, 28, 32} CSI-RS design  
In this section, we provide our view on the newly supported {20, 24, 28, 32} CSI-RS design for eFD-MIMO. Considering the consistency with CSI-RS design in Rel-13 FD-MIMO, the aggregation principle of 12- and 16-port CSI-RS in Rel-13 can be reused. In 12- and 16-port CSI-RS designs, the aggregation case where N1=N2=…NK=N with the minimum K value is only allowed. Here, K is the number of aggregated CSI-RS configurations and N is the number of antenna ports per aggregated CSI-RS configuration. If we allow N=2, the number of possible combination to construct 20 CSI-RS ports becomes 20C10=184756 which is too complex. In addition, there is large specification impact for adopting CDM-4 with N=2. Due to these reasons, we prefer to follow the CSI-RS design principle in Rel-13 as shown in Table 1. Using CSI-RS designs shown in Table 1, Rel-14 UEs can share the CSI-RS resources with the legacy UE configured with the same N. 

Proposal 1: For designing 20-, 24-, 28- and 32-port CSI-RS, the aggregation principle of 12- and 16-port CSI-RS in Rel-13 for having the minimum number of aggregated CSI-RS configurations (K) and the maximum same number of ports per aggregated CSI-RS configuration (N) is maintained, i.e., adopt Table 1.
Table 1: (K, N) for the construction of new CSI-RS design
	Total # of CSI-RS ports 
	20
	24
	28
	32

	# of aggregated CSI-RS configurations (K)
	5
	3
	7
	4

	# of antenna ports per aggregated CSI-RS configuration (N)
	4
	8
	4
	8


Also, power boost-up of CSI-RS transmission by CDM-4 may not be satisfactory due to the large number of CSI-RS ports. Thus, CDM-8 may be applied for the new CSI-RS designs with the 8-port aggregation, i.e., 24- and 32-port CSI-RS. In this case, CDM-8 is applied to the REs located in aggregated legacy 8-port. 

Proposal 2: Consider CDM-8 for 24 and 32 CSI-RS ports if the full power utilization is needed. 
3. Discussion on overhead reduction in CSI-RS design
To increase the cell reuse factor and reduce the overall network CSI-RS overhead, FDM-based CSI-RS design may be considered. In the FDM-based CSI-RS design, two PRB pairs are employed to construct the new CSI-RS ports. In this case, the CSI-RS density becomes 0.5 RE/RB/port. However, if such FDM-based CSI-RS design is adopted with lower CSI-RS density (<1 RE/RB/port), the channel may not be accurately estimated by the FDM-based CSI-RS. 
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Figure 1. CDF of sum of normalized path gain exceeding a certain path delay  
To observe the degradation of channel estimation accuracy, Figure 1 presents the CDF of sum of normalized path gain exceeding path delay of 4.70, 2.78, 1.39 and 0.69 μs in the 3D-UMi scenario with (4,4,2,32) antenna configuration. In order to ensure robustness for the ISI, the maximum excess delay of dominant multi paths from serving cell should be less than the cyclic prefix (CP) length which is given by 4.7 μs in LTE system. As shown in the plot, about 1% of total UEs with less than 1% of their total path gain has the maximum delay exceeding the CP length of 4.7 μs, and this means that CSI-RS density of 1 RE/RB/port can accurately estimate the channel.  
If we consider CSI-RS design with FDM across two adjacent RB, the CSI-RS port is transmitted every 2 RB, and CSI-RS signal in time domain is repeated 2*12 times with each being 1/(2*12) OFDM duration. Therefore, to ensure the robustness in ISI, the delay spread should be contained within 66.7/(2*12)=2.78 μs which corresponds to the green curves in Figure 1. As we can observe, maximum delay of about 6% of total UEs exceed the X=2.78 μs, and the sum of normalized path gain is less than 5% in most cases. The performance degradation due to the inaccurate channel estimation is expected to be severe as the number of FDMed RB increases. Here, the cases of X=1.39 μs and X=0.69 μs correspond to the FDMed across 3 and 4 RBs, respectively.  
Observation 1: In FDM based CSI-RS design, the performance degradation due to inaccurate channel estimation is expected to be severe as the number of FDMed RB increases.
Another option for overhead reduction is TDM based scheme. In the TDM-based CSI-RS design, the new CSI-RS ports can be constructed in two subframes, and this inherently leads the phase drift issues. For the impact of phase drift of the TDM based scheme, we compare the mean and 5% UE throughput performance with various time-domain distance values between two 16-ports per polarization which comprises the 32 CSI-RS ports. It is assumed that the phase offset value is generated from uniformly distributed random variables with the maximum frequency offset of ±0.1ppm (±200Hz for 2GHz). Note that in the case of system with larger frequency spectrum such as 3.5GHz, the impact of phase drift becomes larger. 
As shown in the Table 2, the loss due to the phase drift is up to 8.73% and 22.04% for mean UE and 5% UE throughput, respectively, even though the time difference is given by one subframe. Obviously, the larger time difference provides the larger performance loss. Therefore, the TDM based CSI-RS design will suffer from significant performance loss. Based on the evaluation, we prefer FDM within 2 RBs as an overhead reduction mechanism. 

Table 2: Performance comparison for TDM based scheme in 3D-UMi with (4,4,2,32)
	Time-domain distance between two 16-port groups
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	No phase drift
	2.187 
	　
	0.454 
	　
	1.878 
	0.49
	3

	14 OFDM symbols
	2.060 
	-5.79%
	0.391 
	-13.96%
	1.717 
	0.52
	

	28 OFDM symbols
	1.736 
	-20.60%
	0.237 
	-47.91%
	1.329 
	0.63
	

	No phase drift
	1.611 
	　
	0.227 
	　
	1.198 
	0.71
	4

	14 OFDM symbols
	1.470 
	-8.73%
	0.177 
	-22.04%
	1.028 
	0.75
	

	28 OFDM symbols
	1.177 
	-26.96%
	0.079 
	-65.38%
	0.672 
	0.85
	


Observation 2: In TDM based CSI-RS design, the performance degradation due to phase drift is expected to be severe as the time domain distance between TDMed CSI-RSs increases.
Proposal 3: Consider CSI-RS design based on FDM within 2 RBs if the overhead reduction scheme is needed. 
4. Conclusion
In this contribution, we discussed the details on 20-, 24-, 28- and 32-port CSI-RS designs for non-precoded CSI-RS to support eFD-MIMO. The observations and proposals based on the discussion are given below:
Observation 1: In FDM based CSI-RS design, the performance degradation due to inaccurate channel estimation is expected to be severe as the number of FDMed RBs increases.
Observation 2: In TDM based CSI-RS design, the performance degradation due to phase drift is expected to be severe as the time domain distance between TDMed CSI-RSs increases.
Proposal 1: For designing 20-, 24-, 28- and 32-port CSI-RS, the aggregation principle of 12- and 16-port CSI-RS in Rel-13 for having the minimum number of aggregated CSI-RS configurations (K) and the maximum same number of ports per aggregated CSI-RS configuration (N) is maintained, i.e., adopt Table 1. 

Proposal 2: Consider CDM-8 for 24 and 32 CSI-RS ports if the full power utilization is needed. 

Proposal 3: Consider CSI-RS design based on FDM within 2 RBs if the overhead reduction scheme is needed. 
Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: (4,4,2,32), X-pol (+/-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

	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) 

	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 associated with 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 

	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
	Average UE throughput, 5% UE throughput.
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