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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 RAN1#85, further agreements were made with regards to Class A CSI-RS resource aggregation which are listed below:

Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k
· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8
· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)
· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k
· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 
· If Mk=8 is supported, FFS the details
· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k
· FFS port numbering 
· FFS N ,vs. M

In this contribution, we present our views on the various open issues related to CSI-RS design for Class A eFD-MIMO.  Simulation results demonstrating the benefits/drawbacks of overhead reduction for Class A CSI-RS are presented. It is shown that the benefits will depend on scenario as well as the network load. Based on these results, we propose a mechanism that achieves overhead reduction for Class A CSI-RS while also providing the configurability/flexibility needed for optimizing different scenarios and network loads.

[bookmark: _Ref458262519]Results on Frequency Domain Overhead Reduction
In this section, we evaluate the performance of Class A CSI-RS schemes with frequency domain overhead reduction (FDOR).  We performed system level simulations using a 32 port 8x4 dual polarized array with 2x1 subarray virtualization.  First, we compare the performance of two different frequency domain overhead reduction (FDOR) configurations shown in Figure 1.  A brief description of the two FDOR configurations is given below.  Detailed simulation parameters and assumptions are given in the Appendix A.
· FDOR Config 1:  All 32 CSI-RS ports are located in the same set of PRBs (i.e., the even PRBs) with a density of 0.5 CSI-RS REs/RB/port.  The 32 port CSI-RS resource is attained by aggregating four 8-port CSI-RS configurations with CDM-4. Since only two CDM-4 quadruples are transmitted in OFDM symbols 5&6 in the first slot of the even PRBs, only 3 dB power boosting (borrowing from other CSI-RS REs) is possible.  It is assumed that the CSI-RS REs in odd PRBs can be used for PDSCH data transmission
· FDOR Config 2:  CSI-RS ports 15-30 are transmitted in even PRBs and CSI-RS ports 31-46 are transmitted in odd PRBs.  Overall there are 0.5 CSI-RS REs/RB/port in this Config, hence the same as for FDOR Config 1.  The 32 port CSI-RS resource is attained by aggregating four 8-port CSI-RS configurations with CDM-4.  Due to the symmetric way the CSI-RS ports 15-30 and 31-46 are configured, FDOR Config 2 allows for 6 dB power boosting since four CDM-4 quadruplets occupy the same OFDM symbols in adjacent PRBs.
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	(a) FDOR Config 1
	(b) FDOR Config 2


[bookmark: _Ref458110953]Figure 1: Two examples of frequency domain overhead reduction configurations

The performance of FDOR Configs 1 and 2 are compared in Figure 2 with CSI-RS reuse factor set to 1.  The performance gains shown in Figure 2 are relative to a reuse-1 32 port CSI-RS design with a density of 1 CSI-RS RE/RB/port (see Table 1 and Table 2 in Appendix B for absolute throughput value comparisons).  As can be seen in Figure 2, both FDOR Configs 1 and 2 suffer performance losses for 3D-UMa.  However, FDOR Config 2 outperforms FDOR Config 1 and has smaller performance losses.  This is because FDOR Config 2 has an additional 3 dB power boosting compared to FDOR Config 1 and this additional power boost becomes beneficial given the generally lower CSI-RS SINRs experienced with reuse factor 1.  It is also seen that for 3D-UMi, FDOR Config 2 provides some small mean user throughput gains while FDOR Config 1 yields throughput losses.

[bookmark: _Toc458815096]With a CSI-RS reuse factor of 1 in 3D-UMa, both FDOR Config 1 and Config 2 result in performance losses.  
[bookmark: _Toc458815097]With a CSI-RS reuse factor of 1 in 3D-UMi, a FDOR configuration that distributes different sets of CSI-RS ports in different sets of PRBs, as FDOR Config 2, yields some small performance gains.
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[bookmark: _Ref458118929]Figure 2: Performance comparison between FDOR Configs 1 and 2 with CSI-RS reuse factor of 1

The performance of FDOR Configs 1 and 2, with CSI-RS reuse factor set to 3, are compared in Figure 3.  The performance gains shown in Figure 3 are relative to a reuse-3 32 port CSI-RS design with 1 RE/RB/port (see Table 3 and Table 4 in Appendix B for absolute throughput value comparisons).  From Figure 3, it is observed that both FDOR Configs 1 and 2 provide significant performance gains since the overhead reduction savings are notable in the case of reuse factor 3.  It is also evident that FDOR Config 1 outperforms FDOR Config 2 (the performance difference is significant in the case of 3D-UMa).  This is because the benefits of the additional 3 dB power boosting that FDOR Config 2 has over FDOR Config 1 are not significant as the CSI-RS SINRs experienced with reuse factor 3 are generally higher.  On the other hand, FDOR Config 2 suffers from phase drift between CSI-RS ports as different set of CSI-RS ports are measured in different sets of PRBs.

[bookmark: _Toc458815098]With a CSI-RS reuse factor of 3, FDOR of CSI-RS results in significant performance gains.  Higher performance gains are attained with a FDOR configuration in which all CSI-RS ports are located in the same set of PRBs.
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[bookmark: _Ref458118969]Figure 3: Performance comparison between FDOR Configs 1 and 2 with CSI-RS reuse factor of 3

We next consider a third FDOR configuration shown in Figure 4.  A brief description of FDOR Config 3 is given below:
· FDOR Config 3:  All 32 CSI-RS ports are located in the same set of PRBs (i.e., in every third PRB) with  CSI-RS REs/RB/port.  The 32 port CSI-RS resource is attained by aggregating four 8-port CSI-RS configurations with CDM-4 and 3 dB power boosting.
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[bookmark: _Ref458173209]Figure 4: A third example of frequency domain overhead reduction configuration (FDOR Config 3)

The performance of FDOR Configs 1 and 3 with CSI-RS reuse factor set to 3 are compared in Figure 5.  The performance gains shown in Figure 5 are relative to a reuse-3 32 port CSI-RS design with 1 RE/RB/port (see Table 3 and Table 4 in Appendix B for absolute throughput value comparisons).  From the figure, it is seen that FDOR Config 3 can outperform FDOR Config 1 in terms of cell edge and mean user throughput particularly in the case of 3D-UMi.  It should also be noted that with FDOR Config 3, up to 3 different 32-port CSI-RS configurations can be realized within a subframe while with FDOR Config 1, only 2 different 32-port CSI-RS configurations are possible within a subframe.  Hence, depending on the scenario (i.e., low vs high delay spread), it is beneficial to have CSI-RS with different frequency domain overhead reduction factors.

[bookmark: _Toc458815099]With a CSI-RS reuse factor of 3 in 3D-UMi, a FDOR configuration with overhead reduction factor 3 outperforms a FDOR configuration with overhead reduction factor 2 while providing more CSI-RS configurations within a subframe. 
[bookmark: _Toc458815100]Depending on the scenarios, it is beneficial to have CSI-RS designs with different frequency domain overhead reduction factors.
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[bookmark: _Ref458176017]Figure 5: Performance comparison between FDOR Configs 1 and 3 with CSI-RS reuse factor of 3

[bookmark: _Ref458416763]A Flexible Mechanism for CSI-RS Overhead Reduction
The results from Section 2 show that the benefits of CSI-RS frequency domain overhead reduction depend on the deployment scenario and factors such as
· CSI-RS reuse factor
· how different sets of CSI-RS ports are configured in FDOR
· what frequency domain overhead reduction factor is configured
Hence, a flexible approach for supporting up to 32 CSI-RS ports for Class A eFD-MIMO may be to allow the FDOR design of the CSI-RS to be configurable.  This can be achieved via measurement restriction (MR) in frequency domain where a UE can be requested to measure a set of CSI-RS ports on a set of PRBs, and where the UE assumes the CSI-RS occupies the full band.  From the eNodeB side, CSI-RS for a given port 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, factors such as how different set of CSI-RS ports are configured in FDOR and the overhead reduction factor can be flexibly chosen to suit the deployment scenario and load conditions.  It should be pointed out that many of the alternatives for per-port CSI-RS overhead reduction 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 overhead reduction factors as well as different port arrangements can be achieved.  For instance, FDOR Config 1 and FDOR Config 2 as shown in Figure 1 are two different ways of achieving FDM with differing performance benefits under reuse factors 1 and 3.  As shown in the performance comparison of Figure 5, other density reduction factors (i.e., 3) can also be configured with MR in frequency domain if such reduction factor is suitable for a given deployment scenario.
· CSI-RS port sharing: As agreed in RAN1 #84bis, the Rel-14 CSI-RS designs will aim to support CSI-RS port sharing with Rel-13 and Rel-12 UEs.  Since CSI-RS designs with frequency domain overhead reduction are not understood by Rel-13 and Rel-12 UEs, a CSI-RS design with port sharing is important.  With port sharing, at least some of the ports have 1 CSI-RS RE/port/RB which can be shared with the Rel-13 and Rel-14 UEs.  With MR in frequency domain, support for port sharing with Rel-13 and Rel-12 UEs can be enabled [1].
· Partial Overlap:  Partially overlapping CSI-RS designs can be attained with MR in frequency domain.  For example, a UE can be 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 can be configured to measure CSI-RS on all PRBs.
· 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.
With frequency domain measurement restriction, minimum spec change is required as from a UE perspective, CSI-RS resource allocation and PDSCH rate matching remain the same. Only measurement is affected by restricting to certain PRBs. The overhead reduction is achieved when it is combined with greater than one CSI-RS reuse factor (i.e., where a CSI-RS configuration is split into multiple CSI-RS resources). For reuse factor one, there seems to be no needed for overhead reduction based on the simulation results.
Hence, we make the following observation and proposal:
[bookmark: _Toc458815101]Measurement restriction in frequency domain can be used to achieve many of the alternatives for reducing per-port CSI-RS density including FDM, CSI-RS port sharing, partial overlap, partial bandwidth, and full CSI-RS density.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc455664104][bookmark: _Toc455664107][bookmark: _Toc455665107][bookmark: _Toc455665136][bookmark: _Toc455665391][bookmark: _Toc458085054][bookmark: _Toc458110646][bookmark: _Toc458118784][bookmark: _Toc458120114][bookmark: _Toc458120260][bookmark: _Toc458120620][bookmark: _Toc458120933][bookmark: _Toc458150015][bookmark: _Toc458150056][bookmark: _Toc458165087][bookmark: _Toc458165260][bookmark: _Toc458172668][bookmark: _Toc458173230][bookmark: _Toc458176004][bookmark: _Toc458176054][bookmark: _Toc458209659][bookmark: _Toc458209694][bookmark: _Toc458411258][bookmark: _Toc458411471][bookmark: _Toc458411478][bookmark: _Toc458411518][bookmark: _Toc458412640][bookmark: _Toc458412725][bookmark: _Toc458416196][bookmark: _Toc458416246][bookmark: _Toc458416488][bookmark: _Toc458417556][bookmark: _Toc458417574][bookmark: _Toc458417589][bookmark: _Toc458790084][bookmark: _Toc458814609][bookmark: _Toc458815102]For Class A eFD-MIMO, specify 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.


Conclusions
In this contribution, we presented simulation results demonstrating the benefits/drawbacks of frequency domain overhead reduction (FDOR) for Class A CSI-RS design for eFD-MIMO.  In addition, we propose a frequency domain measurement restriction mechanism that achieves overhead reduction for Class A CSI-RS while at the same time providing the configurability/flexibility needed for different deployment scenarios.  Based on the results and discussion in Sections 2-3, we made the following observations:
Observation 1	With a CSI-RS reuse factor of 1 in 3D-UMa, both FDOR Config 1 and Config 2 result in performance losses.
Observation 2	With a CSI-RS reuse factor of 1 in 3D-UMi, a FDOR configuration that distributes different sets of CSI-RS ports in different sets of PRBs, as FDOR Config 2, yields some small performance gains.
Observation 3	With a CSI-RS reuse factor of 3, FDOR of CSI-RS results in significant performance gains.  Higher performance gains are attained with a FDOR configuration in which all CSI-RS ports are located in the same set of PRBs.
Observation 4	With a CSI-RS reuse factor of 3 in 3D-UMi, a FDOR configuration with overhead reduction factor 3 outperforms a FDOR configuration with overhead reduction factor 2 while providing more CSI-RS configurations within a subframe.
Observation 5	Depending on the scenarios, it is beneficial to have CSI-RS designs with different frequency domain overhead reduction factors.
Observation 6	Measurement restriction in frequency domain can be used to achieve many of the alternatives for reducing per-port CSI-RS density including FDM, CSI-RS port sharing, partial overlap, partial bandwidth, and full CSI-RS density.

Based on the discussion in Section 3 we propose the following:
Proposal 1	For Class A eFD-MIMO, specify 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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Appendix A
	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 
	2 CRS ports, Colliding CRS.

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modelled.
For reuse factor 3, sectors with the same orientation (i.e., 0°, 120°, 240°) are grouped together.

	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



Appendix B

[bookmark: _Ref458120797]Table 1.  Performance comparison between FDOR Configs 1 and 2 with CSI-RS reuse factor of 1 in 3D-UMi
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[bookmark: _Ref458120807]Table 2.  Performance comparison between FDOR Configs 1 and 2 with CSI-RS reuse factor of 1 in 3D-UMa
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[bookmark: _Ref458120974]Table 3.  Performance comparison between FDOR Configs 1 and 2 with CSI-RS reuse factor of 3 in 3D-UMi
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[bookmark: _Ref458120981]Table 4.  Performance comparison between FDOR Configs 1 and 2 with CSI-RS reuse factor of 3 in 3D-UMa
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