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Introduction
In RAN1#86bis, the following agreement and working assumptions was made regarding CSI-RS design:
Agreements:
· CSI-RS configuration for NR includes at least ‘number of antenna ports’
· Configuration can be explicit or impliit
· The number of CSI-RS antenna ports can be independently configured for periodic/semi-persistent CSI reporting and aperiodic CSI reporting

Working assumption: 
· CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· The number of antenna ports supported for CSI-RS configuration includes at least the following values
· 1,2,4,8,[12],16,[20],[24],[28],32
· RAN1 will update/remove above bracket parts in the next meeting
· Study e.g., performance, scenario, RS overhead, RS pattern considering the frame structure, reuse of hardware between NR and LTE


In this contribution we discuss further these aspects on the number of antenna ports for CSI-RS. 
[bookmark: _GoBack]Motivations for a flexible CSI-RS configuration
An open issue from last meeting is on the number of antenna ports in the brackets  (1,2,4,8,[12],16,[20],[24],[28],32).  The question is whether the degree of flexibility is needed for the CSI-RS configuration in terms of number of antenna ports or whether the power of two CSI-RS resource is sufficient for NR.  
We address a few issues related to this aspect below:
Scenario aspect
NR is expected to operate over a wide range of carrier frequencies from the low GHz range to several tens of GHz, in either FDD or TDD bands. Furthermore, NR is expected to be deployed using different multi-antenna architectures supporting, for example, full digital beamforming likely at the lower frequencies, and analog/hybrid beamforming at the higher frequencies. Despite the varying requirements, it is highly desirable to have a unified CSI-RS design that supports a wide range of operating scenarios.
NR is expected to operate in a wide range of carrier frequencies (e.g., sub 6 GHz and >6 GHz), with different duplex methods (FDD, TDD), and with different UE/BS antenna technologies, e.g., digital, analog, and hybrid beamforming.

The port layout and thus the number of antenna ports is influenced on the expected user distribution in the TRP coverage area. In scenarios with low rise buildings it has been shown in LTE evaluations that placing as many antenna ports as possible in the 1D horizontal dimension provides better performance than the 2D antenna port layout. This is natural since there is less need for vertical beam adaptation. In other scenarios e.g. in high rise environment, the port layout is likely vertical 1D or 2D.  Hence, 1D port layouts are likely to be used in many cases and the step between 8 and 16 or up to 32 ports could be too large when it comes to the dimensions on the physical antenna since in each step the length or height of the antenna doubles. In some cases, the 12, 20 or 24 port 1D port layout gives just the right size for the actual carrier frequency and typical deployment. 
Migration aspect
eFD-MIMO in LTE supports very flexible port layouts with 1,2,4,8,12,16,20,24,28,32 CSI-RS ports and 1D as well as 2D port layouts. An operator could choose to migrate from LTE to NR and deploy NR in a frequency band previously used for LTE (< 6 GHz and often FDD) and with an already installed LTE antenna using 1D or 2D CSI-RS port layouts (with corresponding subarray and TXRUs to subarray mappings). If the NR specifications does not support the same port layouts as LTE, this operator will face problems to migrate without replacing the antenna hardware or with cumbersome re-mapping of a non-power of two port layout to power of two layouts..
Hence, from a migration perspective, it is important that NR supports the same set of antenna ports as LTE. 
Hardware design aspect
In Figure 1 which is taken from an industry research paper [1] from the “Smart-RF” project, shows that to reach the required gain of 14 and 17 dBi and the vertical size limitation of 1.3 meters, the number of antenna elements M=5 and M=9 are selected. The size limitation of an antenna array is one external factor that determines the design requirements. Antenna design should meet many other requirements (e.g. antenna gain, multi-band operation, how to cope with heat dissipation, the volume and weight, the control over grating lobes, the possible steering angle range, ….). The more elements the higher gain, so the antenna designers tend to fit as many elements as possible into the constrained volume. If this must be a matched to a power 2 number of antenna ports, it will (most likely) cost antenna gain or some other parameter needs to be compromised. 
Enabling UE specific vertical beamforming for the arrays in [1] (without the use of sub-arrays) would require 2MaNa=10 and 18 CSI-Rs ports, respectively. Introducing sub-arrays in this example to comply with the power of two restriction,  would be difficult for M=5 since 5 is prime and for M=9 would require 3 element sub-arrays, which implies a total number of ports 2MaNa=6, still not a power-of-two.

[image: ]
Figure 1 Comparison of commercial single band antennas with M=5 and M=9, picture taken from [1]. Enabling UE specific vertical beamforming for these antenna arrays (without the use of sub-arrays) would require 2MaNa=10 and 2MaNa=18 CSI-Rs ports, respectively. 

It becomes obvious that a seemingly artificial restriction of the number of vertical antenna ports Ma to power of two grid in vertical direction would make re-use of such design and common antenna dimensions impossible. Changing antenna dimensions when replacing antennas also has impact on the site permits and complicates the procedure for operators. 
Observation: Real world eNB antennas typically don’t have power-of-two number of antenna sub-elements along a vertical or horizontal dimension. 
Observation: For “tall” arrays, the desired antenna gain typically determines the number of vertical sub-elements M, which seldom matches 2, 4, 8.
· Antenna design becomes difficult due to these constraints
· It may be hard to fulfill requirements, leading to inefficient designs
· The actual size (and weight) of the antenna is usually constrained by tower construction, wind load, permits etc, and if an antenna is replaced by a new one with different characteristic (size, weight, etc) new negotiations with landlords, tower owners and local authorities is needed
Hence, from hardware design perspective, we can conclude that only supporting CSI-RS antenna port configuration of size 1,2,4,8,16 and 32 would severely complicate the design of antenna front ends. 
RS overhead and pattern aspect
The RS overhead and pattern aspect was brought up as possible issues with the bracketed values. From RS overhead perspective, there should not be any problem to support e.g. 28 ports instead of 32 ports since the overhead is less. We propose to use a flexible CSI-RS design where a CSI-RS configuration is constructed by aggregating 2-port CSI-RS elements. This gives a high degree of flexibility in the number of supported CSI-RS configurations. 
Performance aspect
The system performance of different number of antenna ports (20,24,28,32) and port layouts are presented under both the 3D UMi and the 3D UMa scenarios. Their performances are compared with a 16 ports antenna with similar port layouts.  More detailed simulation assumptions can be found in Appendix A.  The results are summarized in Table 1 to Table 4.  Both mean and cell edge gains increase almost linearly with the number of antenna ports.   For 32 ports antennas, the cell edge gains ranges from 52% to 64% and the mean throughput gains are 19% to 23%.   The gains for 20,24 and 28 ports are somewhere in between. So if only 16 and 32 ports are supported, there would be a large performance gap if 32 port antenna could not be deployed due to antenna size constraints and only an antenna with 16 ports could be deployed.
[bookmark: _Ref465869688]Table 1: 3D UMi: 2D wide array
	Antenna
	4x4
	4x5
	4x6
	4x8

	Number of ports
	16
	20
	24
	32

	Baseline RU = 50 %
	baseline
	
	
	

	Mean user throughput
	0%
	8%
	12%
	19%

	50% user throughput
	0%
	11%
	17%
	27%

	Cell-edge user throughput
	0%
	19%
	31%
	52%



Table 2:3D UMi: 2D tall array
	Antenna
	8x2
	10x2
	12x2
	14x2
	16x2

	Number of ports
	16
	20
	24
	28
	32

	Baseline RU = 50 %
	baseline
	
	
	
	

	Mean user throughput
	0%
	9%
	15%
	20%
	23%

	50% user throughput
	0%
	12%
	20%
	28%
	33%

	Cell-edge user throughput
	0%
	23%
	37%
	53%
	64%



Table 3:3D UMa: 2D wide array
	Antenna
	4x4
	4x5
	4x6
	4x8

	Number of ports
	16
	20
	24
	32

	Baseline RU = 50 %
	baseline
	
	
	

	Mean user throughput
	0%
	9%
	16%
	23%

	50% user throughput
	0%
	15%
	24%
	35%

	Cell-edge user throughput
	0%
	21%
	39%
	63%



[bookmark: _Ref465869698]Table 4:3D UMa: 2D tall array
	Antenna
	8x2
	10x2
	12x2
	14x2
	16x2

	Number of ports
	16
	20
	24
	28
	32

	Baseline RU = 50 %
	baseline
	
	
	
	

	Mean user throughput
	0%
	8%
	13%
	17%
	20%

	50% user throughput
	0%
	11%
	18%
	24%
	30%

	Cell-edge user throughput
	0%
	19%
	35%
	43%
	54%



[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc455664051][bookmark: _Toc455664055][bookmark: _Toc455664110][bookmark: _Toc455664649][bookmark: _Toc455664651][bookmark: _Toc455664817][bookmark: _Toc455665385][bookmark: _Toc463039499]Observation:  
· UE throughput gains increases almost linearly with number of antenna ports in both 3D UMi and 3D UMa. Supporting only 16 and 32 ports would leave a large performance gap if for some reason (as those discussed in the previous subsections) an antenna with 32 ports could not be deployed

Conclusions
In this contribution we analysed the support for the bracketed values from the working assumption based on scenarios, migration from LTE to NR, hardware design contraints, RS overhead and RS pattern aspects and lastly performance aspects. In all these aspects it was found that  a flexible CSI-RS design with support for 1,2,4,8,12,16,20,24,28,32 is beneficial.
· Proposal: Remove bracketed values from the working assumption. The number of antenna ports supported for CSI-RS configuration includes at least the following values
· 1,2,4,8,12,16,20,24,28,32
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Appendix: Simulation Assumptions 
	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa

	Antenna Configurations
	(M, N):
16 ports:  4x4, 8x2 
20 ports:  4x5,10x2
24 ports:  4x6, 12x2
28 ports:  4x7, 14x2
32 ports:  4x8, 16x2
2x1 virtualization, UMi (130° tilt)  and 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 
	41 dBm (UMi) and 46dBm (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.

	Codebook
	Rel-13 class A and extension, 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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