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Introduction
In previous meetings the following agreements and working assumptions were made regarding the Type I and II codebook design and number of antenna ports for CSI-RS.
Agreement #1:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers
Agreement #2:
· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1
· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2
· FFS: RE patterns for beam management
Agreement #3:
· ...
· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB
· FFS: Support for D > 1 for other values of X
· Note: For X = 1, CDM code value(s) assumed to be 1
Agreement #4:
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports,
· For N=1 OFDM symbol, support X=8, 12 ports
· For N=2 OFDM symbols, support X= 8, 12, 16ports
· FFS the case of X=24
· For N=4 OFDM symbols, support at least X=32 ports
· FFS the case of X=8/16/24

In this contribution, we discuss some remaining issues on the supported number of antenna ports for CSI-RS.
[bookmark: _Ref178064866]Discussion
In [1], a design for both Type I and II codebooks is described and has been agreed as per Agreement #1 above. The Type I single panel design supports CSI feedback using a PMI codebook for X CSI-RS ports where . The Type I multi-panel, and Type II single panel designs support subsets of these values.
According to Agreements #2 – 4, a CSI-RS resource can be configured with X ports where  with an FFS for X = 24. Since the agreed codebook designs support CSI feedback based on a 24-port PMI codebook, it makes sense to also support configuration of a CSI-RS resource X = 24 ports for compatibility. Hence we propose the following
[bookmark: _Toc485319474]In NR, a UE can be configured with a CSI-RS resource with X ports. Supported values of X are at least 1, 2, 4, 8, 12, 16, 24, and 32.
To confirm our intuition that it makes common sense to support a 24 port CSI-RS resource configuration when the codebook for PMI feedback supports 24 ports, we performed system simulations to compare the performance with 16, 24, and 32 ports under 3D UMa using a codebook close to the design agreed for NR.  For a given number of antenna ports, different port layouts were also investigated. 16 ports results were used as the baseline and the performance gains over the baseline are shown in Figure 1, where NxM means N row and M column of antenna ports. The same shape of port layout is compared for different number of ports, e.g. 1D 1x8 port layout for 16 ports is used as the baseline for 1x12 for 24 ports and 1x16 for 32 ports.  Other simulation assumptions can be found in the Appendix. It can be seen that the average mean and cell edge throughput gain for 32 ports are 24% and 66% over 16 ports, while for 24 ports, the average mean and cell edge throughput gain are 16% and 40% respectively. Evidently, the performance improves roughly linearly in going from 16 to 24 to 32 ports.
[bookmark: _Toc485319471]24 ports provide average 16% mean and 40% cell edge throughput gains over 16 ports.
Whether 24 or 32 ports antenna is deployed is a deployment choice based on factors such as size, cost, and performance, but clearly 24 ports provides good performance gains over 16 ports and can be a good compromise between 16 and 32 ports.  Hence it is desirable to support codebook designs for 24 ports to give deployment flexibility.
[image: ]
[bookmark: _Ref481444047]Figure 1: Comparison of SU-MIMO performance with 16, 24, and 32 ports.
Conclusions
In this contribution we made the following observation:
Observation 1	24 ports provide average 16% mean and 40% cell edge throughput gains over 16 ports.

Based on the discussion in this contribution we propose the following:
Proposal 1	In NR, a UE can be configured with a CSI-RS resource with X ports. Supported values of X are at least 1, 2, 4, 8, 12, 16, 24, and 32.
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Appendix: Simulation Assumptions
	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa

	Antenna Configurations
	(M x N):
16 ports:  4x4, 8x2, 2x8, 16x1,
24 ports:  4x6, 12x2, 2x12, 6x4, 24x1
32 ports:  4x8, 16x2, 2x16, 8x4, 32x1
2x1 virtualization, 3D UMa (122° tilt)

	Cell layout
	57 homogeneous cells 

	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 Rx antenna
	Two cross polarized isotropic antennas

	UE noise figure 
	9 dB

	eNB Tx power 
	46dBm (3D UMa)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for
Channel estimation error modeled.

	Class A Codebook
	LTE Rel-14 class A, config 1, O1=O2=4

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
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