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1 Introduction
In RAN1#84bis, the following agreements were made with regards to CSI-RS design for Class A eFD-MIMO and a number of alternatives for reducing per-port CSI-RS density were identified for further study:

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 present our views on the various alternatives and discuss some system level results.  Proposals on how to achieve a flexible CSI-RS design for Class A taking into account simulation results are made in the contribution.
2 CSI-RS Design Alternatives 
2.1 TDM based scheme
In this scheme, the CSI-RS ports are divided into two sets. One set of CSI-RS ports are transmitted on one  subframe while the second set of CSI-RS ports are transmitted in another subframe.  A  UE measures and reports a first  CSI on one set of ports in one subframe and a second CSI on the remaining set of ports in another subframe.  A major challenge with this scheme is how the eNB should combine the CSI reports measured on different set of CSI-RS ports on different subframes.  Furthermore, if the CSI corresponding to different sets of CSI-RS ports are measured/reported on different CSI-RS subframes, the reported CSI may be adversely affected by frequency drift/Doppler over the subframes.  Simulation results with 24 ports presented in [1] indicate that the TDM based scheme can suffer between 10-20% link throughput loss compared to the FDM scheme in the SNR range 0-10 dB (See Figure 2 of [1]).
With regards to the overhead of the TDM scheme, it should be noted that the TDM scheme does not reduce CSI-RS overhead over one CSI-RS transmission periodicity.  To illustrate this, we make a comparison between the TDM scheme and a CSI-RS scheme where all ports are measured in a single subframe in Figure 1.  In Figure 1(a), a CSI-RS design based on the TDM scheme for 32 ports is depicted where CSI ports 15-30 are measured in subframe (k+1) and CSI ports 31-46 are measured in subframe (k+2).  Assuming a system with 2 CRS ports, 3 OFDM symbols for PDCCH, 2 DMRS ports, and CSI-RS periodicity Np = 5ms, then the CSI-RS overhead of the TDM scheme over one CSI-RS period is approximately 6 %.  Under the same assumption, the scheme in Figure 1(b) where all 32 ports are measure in subframe (k+1) achieves the same CSI-RS overhead of 6 %.  From this comparison, it is evident that the TDM scheme does not reduce the CSI-RS overhead and merely distributes the overhead over different subframes.
Observation: The TDM scheme does not reduce CSI-RS overhead and merely distributes the CSI-RS overhead over different subframes.
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Figure 1.  Overhead of TDM scheme
2.2 FDM based scheme

In this scheme, a UE can be configured to measure channels on a subset of CSI-RS ports on one fixed set of PRBs and another subset of antenna ports on a different fixed set of PRBs.  A 32-port example is shown in Figure 2.  In this example, CSI-RS ports 15-30 are transmitted in even PRBs and CSI-RS ports 31-46 are transmitted in odd PRBs.
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Figure 2.  A 32-port example of reduced density CSI-RS via FDM.

To evaluate the performance of the FDM scheme, we performed system level simulations using a 32 port 8x4 dual polarized array with 2x1 subarray virtualization.  The performance of a FDM scheme with a CSI-RS density of 0.5 RE/RB/port is compared to that of CSI-RS design with full density (i.e., 1 RE/RB/port).  The results for the 3D-UMi and 3D-UMa scenarios are given in Table 1 and Table 2, respectively.  In these results, the 32 port CSI-RS resource is attained by aggregating four 8-port CSI-RS configurations with CDM-4 and 3 dB power boosting.  Detailed simulation parameters are given in the appendix.
These results show that the FDM scheme attains a small mean throughput gain of 2% at a very low resource utilization of 5% due to the lower overhead advantage it has over the full density CSI-RS scheme.  However, at higher resource utilizations, the FDM scheme suffers notable throughput losses.  At 50% RU, the cell edge performance of the FDM scheme is 25% (in 3D-UMi) and 53% (in 3D-UMa) lower than the full density CSI-RS scheme.  This loss is mainly due to the reduced processing gain associated with FDM scheme when compared to the full density CSI-RS scheme.  It should be noted that similar losses for the FDM scheme were reported in [2].
Observation: FDM scheme with 0.5 RE/RB/port attains small gains at very low loads but suffers significant losses at medium to high loads when compared to a CSI-RS design with a density of 1 RE/RB/port.
Hence, given the results in Table 1-Table 2, FDM based designs with fixed CSI-RS densities will not be a good solution due to its poor performance at high loads.  To ensure good performance at medium to high load conditions, sufficient configurability in the CSI-RS design should be allowed to also have per-port CSI-RS densities of 1 RE/RB/port in addition to CSI-RS densities lower than 1 RE/RB/port.
Proposals: 

· FDM based CSI-RS designs with fixed CSI-RS densities should not be considered for Class A eFD-MIMO.

· Sufficient configurability in the CSI-RS design should be allowed to also have per-port CSI-RS densities of 1 RE/RB/port in addition to CSI-RS densities lower than 1 RE/RB/port. 
Table 1: Performance comparison in 3D-UMi

	Reference RU [%]
	5
	20
	50

	Reference offered traffic [bps/Hz/cell]
	0.20
	0.63
	1.15

	
	FDM Scheme
	Full CSI-RS

Density
	FDM Scheme
	Full CSI-RS

Density
	FDM Scheme
	Full CSI-RS

Density

	Cell edge throughput [bps/Hz/user]
	2.00
	1.99
	1.09
	1.14
	0.36
	0.48

	Mean throughput [bps/Hz/user]
	4.44
	4.34
	3.53
	3.51
	2.13
	2.33

	Cell edge gain [%]
	1
	0
	-4
	0
	-25
	0

	Mean throughput gain [%]
	2
	0
	1
	0
	-9
	0


Table 2: Performance comparison in 3D-UMa
	Reference RU [%]
	5
	20
	50

	Reference offered traffic [bps/Hz/cell]
	0.19
	0.55
	0.91

	
	FDM Scheme
	Full CSI-RS

Density
	FDM Scheme
	Full CSI-RS

Density
	FDM Scheme
	Full CSI-RS

Density

	Cell edge throughput [bps/Hz/user]
	1.80
	1.83
	0.93
	1.02
	0.19
	0.39

	Mean throughput [bps/Hz/user]
	4.26
	4.18
	3.27
	3.25
	1.56
	2.09

	Cell edge gain [%]
	-2
	0
	-9
	0
	-51
	0

	Mean throughput gain [%]
	2
	0
	1
	0
	-25
	0


2.3 Measurement Restriction in Frequency Domain

Although performance gain with FDM design seems to be unattractive from overhead reduction purpose with a fixed CSI-RS reuse factor of one, FDM could still be used to improve channel estimation based on CSI-RS by not transmitting anything on the CSI-RS resources in certain PRBs, similar to ZP CSI-RS.  So instead of the FDM as discussed in the previous section, a more flexible approach for supporting up to 32 ports may be to allow the density of the CSI-RS design to be configurable.  This can be achieved via measurement restriction (MR) in frequency domain where a UE can be requested to measure channels on a configurable set of PRBs.  CSI-RS is only transmitted in PRBs in which the UE is requested to perform channel measurements.  The MR in frequency domain can be semi-statically configured to the UE.  
Since the MR in frequency domain is configurable, the density of the CSI-RS port can be flexibly chosen to suit the deployment scenario.  For instance, for low-load, low-delay spread conditions, CSI-RS ports can be configured with reduced density.  For high-load and/or high delay spread conditions, a higher density can be configured for CSI-RS ports in order to avoid the performance losses demonstrated in the results of Table 1-Table 2.
It should be pointed out that many of the alternatives for reducing per-port CSI-RS density can be achieved via MR in frequency domain.  We illustrate a few examples below:
· FDM:  With MR in frequency domain, FDM schemes with different CSI-RS densities can be achieved.   For instance, the 32 port reduced density CSI-RS example of Figure 2 can be achieved by configuring the UE to measure CSI-RS ports 15-30 on PRBs 0, 2, 4, 6, … and to measure CSI-RS ports 31-46 on PRBs 1, 3, 5, 7, ….  Other density reduction factors (i.e., 3 or 4) can also be configured with MR in frequency domain if such reduction factor are suitable for a given deployment scenario. 
· Partial Overlapping:  Partially overlapping CSI-RS designs can be attained with MR in frequency domain.  Considering the 32-port example given in Figure 3, the UE is configured to measure CSI-RS ports 15-22 only on PRBs 1, 3, 5, 7, … and to measure CSI-RS ports 39-46 only on PRBs 0, 2, 4, 6, …  For CSI-RS ports 23-38, the UE is configured to measure CSI-RS on all PRBs.
· Partial bandwidth measurements:  MR in frequency domain can be effectively used to probe the UE to measure CSI-RS only on one or more subbands in the context of aperiodic CSI-RS.

· Full CSI-RS density:  A per-port CSI-RS density of 1 RE/port/PRB can be achieved via MR in frequency domain by configuring the UE to measure CSI-RS on all PRBs.

It should also be noted that MR in frequency domain can be applied for cases with different CSI-RS resources with different number of ports and cases involving different CDM designs.  Hence, given these advantages, we make the following proposal:
Observation:  Measurement restriction in frequency domain can be used to achieve many of the alternatives for reducing per-port CSI-RS density including FDM, partial overlapping, partial bandwidth, and full CSI-RS density.
Proposal:  For Class A eFD-MIMO, consider measurement restriction in the frequency domain which provides good flexibility to configure the density of CSI-RS according to the deployment scenario and load conditions.
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Figure 3.  A 32-port example of parial overlapping CSI-RS via MR in frequency domain.

3 On Need for CSI-RS SINR Improvements
In this section, we compare the performance of a 32-port CSI-RS design with CDM-4 and 3 dB power boosting (9 dB gain) to the upper bound performance of a 32-port CSI-RS design with 15 dB gain.  In both cases, a CSI-RS density of 1 RE/RB/port is assumed.  We assume a 32 port 8x4 dual polarized array with 2x1 subarray virtualization.  Detailed simulation parameters are given in the appendix.
The results for the 3D-UMi and 3D-UMa scenarios at 50% resource utilization are given in Table 3.  These results show cell-edge throughput upper bound gains of 29-41% when using the 15 dB gain when compared to the case with 9 dB gain.  The corresponding mean throughput gains are in the range of 11-12%.  This suggests that further gains are possible if the CSI-RS SINR can be further improved.  Hence, we make the following proposal:
Proposal:  Methods for further improving CSI-RS SINR should be further studied for Class A eFD-MIMO.
Table 3: Performance comparison between 9 dB and 15 dB gain cases at 50% reference RU
	Scenario
	3D-UMi
	3D-UMa

	Reference offered traffic [bps/Hz/cell]
	1.15
	0.91

	
	Performance with 9 dB Gain
	Upper Bound with 15 dB Gain
	Performance with 9 dB Gain
	Upper Bound with 15 dB Gain

	Cell edge throughput [bps/Hz/user]
	0.48
	0.62
	0.39
	0.55

	Mean throughput [bps/Hz/user]
	2.33
	2.58
	2.09
	2.35

	Cell edge gain [%]
	0
	29
	0
	41

	Mean throughput gain [%]
	0
	11
	0
	12


4 Conclusion

In this contribution, we present our views on the various alternatives for class A CSI reporting and discuss some system level results.  Based on the discussion, we made the following observations and proposals:
Observations: 

· The TDM scheme does not reduce CSI-RS overhead and merely distributes the CSI-RS overhead over different subframes.

· FDM scheme with 0.5 RE/RB/port attains small gains at very small loads but suffers significant losses at medium to high loads when compared to a CSI-RS design with a density of 1 RE/RB/port.

· Measurement restriction in frequency domain can be used to achieve many of the alternatives for reducing per-port CSI-RS density including FDM, partial overlapping, partial bandwidth, and full CSI-RS density.

Proposals: 

· FDM based CSI-RS designs with fixed CSI-RS densities should not be considered for Class A eFD-MIMO.

· Sufficient configurability in the CSI-RS design should be allowed to also have per-port CSI-RS densities of 1 RE/RB/port in addition to CSI-RS densities lower than 1 RE/RB/port.
· For Class A eFD-MIMO, consider measurement restriction in the frequency domain which provides good flexibility to configure the density of CSI-RS according to the deployment scenario and load conditions.
· Methods for further improving CSI-RS SINR should be further studied for Class A eFD-MIMO.
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6 Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa 500m ISD

	Antenna Configurations
	8x4 with 2x1 virtualization 
tilt: 130° for 3D-UMi and 122° for 3D-UMa

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (3D-UMi), 46 dBm (3D-UMa) 

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for 2 CRS ports.

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  

Channel estimation error modeled.
Reuse factor 1 assumed.

	Codebook
	2D Grid of Beams based on DFT

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB



