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Introduction
	In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. The objective of reference signal enhancement for non-precoded CSI-RS is: 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
	The following agreements about the CSI-RS enhancement have been achieved in RAN1#84bis:
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
This contribution discusses the potential CSI-RS overhead reduction mechanisms. Further, the system performance impact by decreasing the CSI-RS density in the frequency domain is evaluated through system level simulations.
Discussion on potential CSI-RS overhead reduction schemes
Limiting to the legacy 40 CSI-RS REs per PRB, the reuse factor of CSI-RS resources decreases with antenna port number increasing. Without RE overlapping for different CSI-RS configurations, the reuse factor is 2 for 20 ports CSI-RS and only 1 for {24,28,32} ports CSI-RS. Reducing the CSI-RS overhead will be beneficial to achieve larger reuse factors. According to the agreements, several potential CSI-RS overhead reduction alternatives have been proposed. The main principle can be categorized as decreasing the CSI-RS density in the frequency domain (FDM), in the time domain (TDM) or in the spatial domain.
For FDM CSI-RS density reduction, there are two possible schemes, i.e. all the CSI-RS ports are located in the same PRB pair with CSI-RS transmitted in every L>1 RRB pairs or the CSI-RS ports are spread to multiple PRB pairs. Figure 1 illustrates the 24 ports example for the latter scheme, where the REs with the same color in one subframe represent a 4 port CSI-RS configuration. In one CSI-RS subframe, 24 CSI-RS ports are mapped to 24 REs of two PRB pairs. The first 12 ports and the other 12 ports are located in the odd and even PRBs, respectively. Therefore, 1/2 RE/PRB/port CSI-RS density could be achieved. The partial overlapping scheme also belongs to the latter scheme with the possible CSI-RS density lying between 1/2 and 1. Comparing the two schemes, for 20 ports and above, the latter scheme is preferred from reuse factor point of view. Considering the 32 port CSI-RS for explanation, if it is transmitted in every 4 RBs, the reuse factor is 4. If the 32 ports are spread to 4 RBs, there will be 8 ports per RB, which results in 5 CSI-RS patterns. Note that FDM multiplexing is applicable to both CDM-4 and CDM-8. One major disadvantage of FDM may be insufficient in sampling the very frequency-selective channel.
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Figure 1: FDM (24 port CSI-RS)
[bookmark: OLE_LINK3]For TDM CSI-RS density reduction, the ports of a CSI-RS resource are spread to multiple subframes. Taking the 24 ports CSI-RS for example, Figure 2 illustrates the TDM approach. The first half of 12 ports and the second half 12 ports are located in the odd and even subframes, respectively. Such time domain aggregation will increase CSI measurement delay and UE memory requirement for buffering the channel measurement. In addition, there may be larger phase drift between different CSI-RS ports in different subframes, which makes it more difficult for the UE to compensate for.
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Figure 2: TDM (24 port CSI-RS)
On the other hand, we should note that the two approaches have different impact on the CSI-RS density, although they are both effective in CSI-RS overhead reduction. 
CSI-RS density can be interpreted in two ways. Using Rel.10 CSI-RS as an example:
· Interpretation 1: CSI-RS density is defined ONLY in subframes that carry CSI-RS. For instance assuming CSI-RS periodicity of 10ms, the 1RE/PRB/port density considers only the subframe with CSI-RS, not the other nine subframes without CSI-RS.
· Interpretation 2: CSI-RS density is defined as the number of REs occupied by CSI-RS divided by the number of REs that the eNB transmit in the period of a complete N-port CSI-RS transmission. Still assuming CSI-RS periodicity of 10ms, the CSI-RS density becomes 0.1 RE/PRB/port.
For TDM approach where different CSI-RS ports are distributed in different subframes, whether CSI-RS density is considered reduced depends on which interpretation is assumed. If interpretation 1 is assumed, then the CSI-RS density can be considered reduced, because more than one subframes are needed to send a complete N-port CSI-RS, and the number of ports per subframe becomes lower. Otherwise if interpretation 2 is assumed, the effective CSI-RS density stays the same. It is just equivalent to increase the CSI-RS transmission period. 
Proposal:
· RAN1 needs to clarify the interpretation of CSI-RS density, e.g. whether it is considered only in subframes with CSI-RS, or including both subframes with and without CSI-RS.
For CSI-RS density reduction in the spatial domain, the CSI is measured and reported based on partial ports of the CSI-RS resources. This scheme brings challenge for the eNB to reconstruct the complete CSI of the whole CSI-RS ports. Although CSIs corresponding to different partial ports could be reported in different subframes, the inevitable phase drift in different subframes may adversely impact the CSI accuracy. 
Aperiodic CSI-RS is an effective overhead reduction scheme with increased CSI-RS configuration flexibility. However, it is only applicable to the aperiodic CSI feedback. If periodic CSI feedback is required, the periodic CSI-RS has to be transmitted. However, considering periodic CSI is wideband mainly aims to maintain a coarse connection to the eNB, it is possible to configure a very large CSI periodicity for PUCCH feedback, and mainly rely on PUSCH CSI feedback with aperiodic CSI-RS. 
As to the measurement restriction in the frequency domain, the channel is restricted to be measured on the configured PRBs. In case of frequency-selective channel, the accuracy of CSI, calculated for the whole system bandwidth, may be influenced, because of lacking of the whole channel information. In addition, eNB needs CSI of all subbands to determine for which particular subband to triggered restricted measurement, so there seems to be a chicken-and-egg problem. 
System performance evaluations

In this section, we evaluate the system performance with various CSI-RS densities, mainly focusing on FDM scheme.  One, two and four RBs in the frequency domain, corresponding to the CSI-RS density to be 1, 1/2 and 1/4 RE/PRB/port, are assumed to aggregate one CSI-RS resource, respectively. In the simulation, the CSI-RS channel estimation error is modeled as below. The estimated channel  is expressed as:










where  is the perfect channel response in frequency domain, is the white complex Gaussian variables with zero mean and variance , is the scaling factor to maintain proper normalization, which is expressed by .The value of is inversely proportional to the SINR of CSI-RS, and is calculated by . Here  is a factor reflecting the processing gain of channel estimation algorithm, which is acquired from link level simulation. 

	The performance evaluation results are given in Table 1-2. The Rel-13 class A 16 port CSI-RS is assumed. Both full buffer traffic and FTP traffic with the user arrival rate  are simulated. SU-MIMO and rank adaptive (up to rank 2) transmission for each UE are assumed. The 3D-UMi and 3D-UMa scenarios are simulated and the detailed simulation parameters are given in the appendix Table A1.


Table 1: FTP traffic model, 
	Scenarios / Codebook
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	1RB
	13.96
	0.00%
	30.16
	0.00%
	36.40
	0.00%
	18%

	
	2RB
	12.94
	-7.26%
	29.59
	-1.87%
	35.93
	-1.30%
	20%

	
	4RB
	11.14
	-20.22%
	29.70
	-1.51%
	34.31
	-5.73%
	21%

	3D-UMi
	1RB
	15.35
	0.00%
	39.74
	0.00%
	39.41
	0.00%
	17%

	
	2RB
	13.89
	-9.53%
	35.92
	-9.60%
	38.34
	-2.71%
	18%

	
	4RB
	10.09
	-34.26%
	29.96
	-24.60%
	35.68
	-9.46%
	22%

	3D-UMa
(ISD=200m)
	1RB
	15.32
	0.00%
	35.99
	0.00%
	38.36
	0.00%
	17%

	
	2RB
	15.08
	-1.57%
	35.49
	-1.37%
	38.37
	0.05%
	17%

	
	4RB
	12.75
	-16.80%
	30.77
	-14.49%
	36.69
	-4.33%
	19%



Table 2: Full buffer traffic model
	Scenarios / Codebook
	Cell edge user SE (bps/Hz)
	Cell edge user SE Gain
	Cell average SE (bps/Hz)
	Cell average SE Gain

	3D-UMa
	1RB
	0.0564
	0.00%
	2.72
	0.00%

	
	2RB
	0.0532
	-5.69%
	2.66
	-2.12%

	
	4RB
	0.0452
	-19.81%
	2.36
	-13.35%

	3D-UMi
	1RB
	0.0623
	0.00%
	2.91
	0.00%

	
	2RB
	0.0575
	-7.57%
	2.81
	-3.44%

	
	4RB
	0.0469
	-24.68%
	2.46
	-15.20%

	3D-UMa
(ISD=200m)
	1RB
	0.0591
	0.00%
	2.68
	0.00%

	
	2RB
	0.0566
	-4.18%
	2.61
	-2.52%

	
	4RB
	0.0486
	-17.67%
	2.37
	-11.75%



	According to the simulation results, the system performance degrades with less CSI-RS density. Compared with the legacy 1 RE/PRB/port, there is up to 9% cell edge performance loss if the CSI-RS density is decreased by half. The cell average performance is less impacted in most of the cases. With 1/4 RE/PRB/port CSI-RS density, remarkable degradation is found with up to 34% cell edge performance loss and up to 25% cell average performance loss. 
Observation:
· The system performance degrades as CSI-RS density decreases. 
· Cell edge performance is more sensitive to low CSI-RS density than cell average performance. Compared to the legacy 1 RE/PRB/port, there is up to 9% cell edge performance loss if the CSI-RS density is halved. Significant degradation is found with up to 34% cell edge performance loss and up to 25% cell average performance loss with 1/4 RE/PRB/port CSI-RS density. 
Conclusions
	In this contribution, we discussed the potential CSI-RS overhead reduction schemes. According to the analysis, the TDM and FDM schemes may have different impacts on the CSI-RS density. In addition, the system performance with different CSI-RS density values using the FDM scheme is evaluated through system level simulations. We have the following proposal and observations:

Proposal:
· RAN1 needs to clarify the interpretation of CSI-RS density, e.g. whether it is considered only in subframes with CSI-RS (interpretation 1), or including both subframes with and without CSI-RS (interpretation 2).

Observations:
· The system performance degrades as CSI-RS density decreases. 
· Cell edge performance is more sensitive to low CSI-RS density than cell average performance. Compared to the legacy 1 RE/PRB/port, there is up to 9% cell edge performance loss if the CSI-RS density is halved. Significant degradation is found with up to 34% cell edge performance loss and up to 25% cell average performance loss with 1/4 RE/PRB/port CSI-RS density. 
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Appendix
Table A1: Simulation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal: X-pol (+/-45),  0.5λ space
Vertical: 0.8λ space
(M,N,P,Q)=(8,4,2,16) for 8H2V

	Scenario
	3D-UMi with 200m ISD, 3D-UMa with 500m and 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer model, FTP traffic model 1, lamda=2

	Rank adaptive
	SU, rank adaptive

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation
Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	CSI feedback
	PUSCH 3-2

	
	CQI, PMI reporting triggered per 10ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB

	

	4dB for 1 RE/PRB/port CSI-RS density 
1dB for 1/2 RE/PRB/port CSI-RS density
-2dB for 1/4 RE/PRB/port CSI-RS density
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