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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 this contribution, we present our views on the issue of enabling support of CSI-RS port sharing with Rel-13 and Rel-12 UEs.
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In a practical scenario, a notable proportion of the UEs being served by a Rel-14 eNodeB will be Rel-13 and Rel-12 UEs.  One approach to accommodating these pre-Rel-14 UEs in a Rel-14 eNodeB with {20, 24, 28, 32} ports is to assign different CSI-RS resources for the different types of UEs.  Some examples of this first approach are given below:
· Example 1:  A Rel-14 eNodeB with 32 ports is configured with one 32 port NZP CSI-RS resource intended for Rel-14 UEs and one separate 16 port NZP CSI-RS resource intended for Rel-13 UEs.  Both NZP CSI-RS resources have 1 CSI-RS RE/RB/port.
· Example 2:  A Rel-14 eNodeB with 32 ports is configured with one 32 port NZP CSI-RS resource intended for Rel-14 UEs and one separate 16 port NZP CSI-RS resource intended for Rel-13 UEs.  The 32-port NZP CSI-RS resource has 0.5 CSI-RS RE/RB/port and the 16-port NZP CSI-RS resource has 1 CSI-RS RE/RB/port.
An alternative approach is to aim for support of CSI-RS port sharing with Rel-13 and Rel-12 UEs as agreed in RAN1 #84bis.  With this approach one NZP CSI-RS resource is configured wherein some of the ports can be shared with pre Rel-14 UEs.  Some examples of the port sharing approach are given below:
· Example 3:  A Rel-14 eNodeB with 32 ports is configured with one 32 port NZP CSI-RS resource.  Ports 15-30 are shared with Rel-13 16 port UEs.  All ports have 1 CSI-RS RE/RB/port.  
· Example 4:  A Rel-14 eNodeB with 32 ports is configured with one 32 port NZP CSI-RS resource.  Ports 15-30 are shared with Rel-13 16 port UEs and have 1 CSI-RS RE/RB/port.  Overhead reduction is applied to ports 31-46 which have 0.5 CSI-RS RE/RB/port. 
The CSI-RS overheads associated with Examples 1-4 are quantified in Table 1.  The overhead reduction calculations in Table 1 assume a system with CSI-RS reuse 3, 2 CRS ports, 3 OFDM symbols for PDCCH, and 2 DMRS ports.  The CSI-RS periodicity is assumed to be 5 ms.  
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	Example
	CSI-RS overhead

	1
	26.67%

	2
	17.78%

	3
	17.78%

	4
	13.33%



As can be seen from the table, useful overhead reductions can be achieved when CSI-RS port sharing is combined with overhead reduction on the non-shared CSI-RS ports.  In scenarios where full density CSI-RS is needed and Example 1 will be configured, port sharing using Example 3 provides about 9% reduction in CSI-RS overhead.  Comparing Examples 2 and 4, we see that gains of around 4.5% are possible in scenarios where half density CSI-RS is sufficient.

[bookmark: _Toc458815758]With a CSI-RS reuse factor of 3, useful overhead reductions (e.g. ~4-9%) can be achieved with CSI-RS port sharing. 

Simulation Results
In this section, we evaluate the performance of a 32-port CSI-RS configuration shown in Figure 1 which is suitable for port sharing with Rel-13 16 port UEs.  We performed system level simulations using a 32 port 8x4 dual polarized array with 2x1 subarray virtualization.  In the 32-port CSI-RS configuration of Figure 1, ports 15-30 can be shared with Rel-13 16 port UES and have 1 CSI-RS RE/RB/port and overhead reduction is applied to ports 31-46 which have 0.5 CSI-RS RE/RB/port (i.e., Example 4 of Section 2).  In addition, a 3 dB power boosting with CDM 4 (borrowing power from other CSI-RS REs) is assumed.  Detailed simulation parameters and assumptions are given in the Appendix.
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The performance of the 32 port CSI-RS configuration in Example 4 of Section 2 is shown in Table 2 (3D-UMi) and Table 3 (3D-UMa).  The performance gains shown in the tables are relative to a 32 port CSI-RS configuration with all ports having 1 CSI-RS RE/RB/port (i.e., Example 3 of Section 2).  As can be seen in Tables 2-3, the 32-port port sharing CSI-RS configuration combined with overhead reduction on non-shared ports (i.e., Example 4) outperforms the 32-port port sharing CSI-Rs configuration with no overhead reduction on the non-shared ports (i.e., Example 3).  Mean throughput gains of 13-15 % are observed at high load.
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[bookmark: _Ref458466636]Table 3.  Performance comparison between CSI-RS configurations in examples 3 and 4 for 3D-UMa
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Given the above two observations, a CSI-RS port sharing configuration that allows overhead reduction on the non-shared CSI-RS ports should be supported as part of Class A CSI-RS deign for eFD-MIMO.  As noted in our companion contribution [1], a measurement restriction mechanism in frequency domain can be used to enable port sharing with reduced overhead on the non-shared CSI-RS ports.  Hence, we make the following proposal:
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Conclusions
In this contribution, we present our views on the issue of enabling support of CSI-RS port sharing with Rel-13 and Rel-12 UEs.  Based on the discussion and simulation results, we made the following observations:

Observation 1	With a CSI-RS reuse factor of 3, useful overhead reductions (e.g. ~4-9%) can be achieved with CSI-RS port sharing.
Observation 2	CSI-RS port sharing with overhead reduction on non-shared ports can yield notable (e.g. 13-15% mean throughput) performance gains over CSI-RS port sharing with no overhead reduction on non-shared ports.

Based on the discussion in Sections 2-3, we propose the following:

Proposal 1	For Class A eFD-MIMO, consider to support CSI-RS overhead reduction on a portion of CSI-RS ports to enable port sharing.
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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.
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
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