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Introduction
In RAN1#86bis, the following agreements were made:
Agreements:
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 
· Codebook-based PMI feedback with normal spatial resolution
· Type II feedback: Enhanced 
· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 
· For Type I and II, CSI feedback per subband as well as wideband feedback are supported
· For Type I and II, beam-related feedback can be included

Agreements:
· Support NR CSI-RS pattern with at least the following properties: 
· CSI-RS mapped in one or multiple [consecutive] symbols
· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85
· FFS: CSI-RS located at other part of a slot
· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner
· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs


In the first item above, it was agreed that Type I feedback is supported, where Type I refers to codebook based feedback, similar to what exists in LTE. In the second item above, it was agreed that the CSI-RS support up to 32 ports. However, whether or not a 32 port codebook is needed was left as FFS. In this contribution we argue that at least a 32 port codebook should be supported.
[bookmark: _Ref178064866]Discussion
For LTE rel-14 it was agreed at RAN1#86bis to introduce non-precoded CSI-RS codebooks for 20 - 32 ports, see [1]. It was furthermore agreed that the port layouts listed in Table 1 will be supported where  represents a two-dimensional codebook with  representing the number of ports in one dimension and  representing the number of ports in the other dimension. 
[bookmark: _Toc465884482]LTE rel-14 will provide maximum deployment flexibility by enabling all possible 2D port layouts for each supported total number of ports. This will consequently also include 1D port layouts. 
[bookmark: _Ref465782050]Table 1. Port layouts included in LTE rel-14. 
	Number of CSI-RS antenna ports, P
	

	20
	(2,5)

	
	(5,2)

	
	(10,1)

	24
	(2,6)

	
	(3,4)

	
	(4,3)

	
	(6,2)

	
	(12,1)

	28
	(2,7)

	
	(7,2)

	
	(14,1)

	32
	(2,8)

	
	(4,4)

	
	(8,2)

	
	(16,1)




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. Furthermore, a flexible and scalable Class A codebook is being designed for Rel-14 with up to 32 ports. 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 a 32 CSI-RS port layout (with corresponding subarray and TXRUs to subarray mappings). A likely scenario is that the operator has chosen to run the system based on Class A (non-precoded CSI-RS), perhaps due to CSI-RS overhead scaling issues as the system load increases. If NR does not support a 32 port Class A codebook, then the operator would be forced to use beamformed CSI-RS (Class B) operation with a small number of ports per beam commensurate with a smaller specified codebook. As we show here, this can lead to a performance loss due to the reduced quality of the channel estimate resulting from the constraint that the channel estimate must lie within one of the subspaces spanned by the set of precoded CSI-RSs. Hence, from a migration perspective, it is important that NR supports at least the same size Class A codebook as LTE.
[bookmark: _Toc465884483]NR should be designed such that the supported port layouts in LTE rel-14 can be utilized in efficient manner also with NR. 
Based on extensive work within 3GPP carried out for LTE we know that possible candidates to provide CSI in FDD mode are 
· Class A eMIMO-type (non-precoded CSI-RS) meaning that CSI-RS corresponding to an -codebook is transmitted. The UE will then be able to estimate the channel and feedback CSI based on this estimate. 
· Class B eMIMO-type (precoded CSI-RS) meaning that a number of ports, , are beamformed in a subspace of the channel. The UE will then be able to estimate the channel to the UE, within this subspace, and then feedback CSI based on this estimate. For Class B CSI-RS it is furthermore possible to group a number of K precoded CSI-RSs; the UE will then measure on these K CSI-RSs and feedback a beam indicator (CRI) indicating the most beneficial CSI-RS out of the possible K CSI-RSs. In addition to the CRI also CSI for the indicated CSI-RS is feed back.   
It should be noted that these two approaches are complementary; non-precoded CSI-RS is typically efficient when the aim is to transmit CSI-RS over an entire cell. Precoded CSI-RS may on the other hand be efficient when there is some a priori knowledge about the CSI, e.g. the direction information of a UE, then it may be beneficial to span only selected subspaces of the channel with CSI-RS in order to reduce overhead. On the other hand, it will limit the quality of the channel estimate since the estimate will be constrained to lie within one of these spanned subspaces.     
[bookmark: _Toc465884484]Candidates for providing CSI in FDD mode are non-precoded CSI-RS (Class A eMIMO-type) and precoded CSI-RS (Class B eMIMO-type)

Simulations
An efficient and common building practice when constructing antennas is to connect the antenna ports to subarrays as illustrated in Figure 1(a). Here an antenna of 4x8 cross polarized antenna elements has been virtualized to 2x8 antenna ports (per polarization). For such a case we could, based on the previous discussion, obtain CSI by 
· ClassA: applying a non-precoded CSI-RS corresponding to a =(8,2) codebook, or 
· Class B: applying K=8 precoded 4-port CSI-RSs such that each precoded CSI-RS is beamformed in different directions in the horizontal domain. 
It should be noted that both the two approaches above correspond to the same amount of CSI-RS overhead: in total 32 ports will be required for both approaches.
Simulation cases 
We will compare the non-precoded CSI-RS (Class A) approach with the precoded CSI-RS (Class B) approach, as described above, for SU-MIMO and the following cases
· UMi 4x8 antenna and 2x1 virtualization (32 ports). For class B we place K=8 beams horizontally each with 4-ports CSI-RS vertically , see Figure 1(a).
· UMi 16x2 antenna and 2x1 virtualization (32 ports). For class B we place K=8 beams vertically each with 4-ports CSI-RS horizontally, see Figure 1(b).
· UMa 4x8 antenna and 4x1 virtualization (16 ports). For class B we place K=8 beams horizontally each with 2-ports CSI-RS, see Figure 2(a).
· UMa 8x4 antenna and 4x1 virtualization (16 ports). For class B we place K=4 beams horizontally each with 4-ports CSI-RS vertically, see Figure 2(b).
All simulated antenna layouts have hence the same number of antenna elements (64). Additional simulation assumptions are available in Appendix. 

	[image: ]	[image: ]
[bookmark: _Ref465254184]	(a)	(b)
[bookmark: _Ref465257393]Figure 1: 32-port layouts using 2x1 virtualization for 3D Urban Micro (UMi) scenario. For Class B operation there are (a) 8 DFT beams in the horizontal dimension and (b) 8 DFT beams in the vertical dimension, both with 4 ports/beam.
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[bookmark: _Ref465257402]Figure 2: 16-port layouts using 4x1 virtualization for 3D Urban Macro (UMa) scenario. For Class B operation, there are (a) 8 DFT beams in the horizontal dimension with 2 ports/beam and (b) 4 DFT beams in the horizontal dimension with 4 ports/beam.


Results
In Table 2-Table 5 we present the results for the conducted simulations. For these cases we clearly note that the approach of using precoded CSI-RS (Class B) suffers a performance loss due to the reduced quality of the channel estimate resulting from the constraint that the channel estimate must lie within one of the subspaces spanned by the set of precoded CSI-RSs.      
[bookmark: _Ref465845501]Table 2. UMi 4x8 antenna and 2x1 virtualization (32 ports) at resource utilization 50%.
	
	Non-precoded CSI-RS (Class A)
	Precoded CSI-RS (Class B)

	Mean user throughput
	0%
	-7%

	Cell-edge user throughput
	0%
	-14%



Table 3. UMi 16x2 antenna and 2x1 virtualization (32 ports) at resource utilization 50%.
	
	Non-precoded CSI-RS (Class A)
	Precoded CSI-RS (Class B)

	Mean user throughput
	0%
	 -6%

	Cell-edge user throughput
	0%
	 -14%



Table 4. UMa 4x8 antenna and 4x1 virtualization (16 ports) at resource utilization 50%.
	
	Non-precoded CSI-RS (Class A)
	Precoded CSI-RS (Class B)

	Mean user throughput
	0%
	 -7%

	Cell-edge user throughput
	0%
	  -12%



[bookmark: _Ref465845505]Table 5. UMa 8x4 antenna and 4x1 virtualization (16 ports) at resource utilization 50%.
	
	Non-precoded CSI-RS (Class A)
	Precoded CSI-RS (Class B)

	Mean user throughput
	0%
	 -10%

	Cell-edge user throughput
	0%
	 -20%


 

[bookmark: _Toc465884485]The approach utilizing precoded CSI-RS has a performance loss compared to the non-precoded CSI-RS for all the simulated cases. 
Based on the previous observations we propose the following: 

[bookmark: _Toc465176083][bookmark: _Toc465884551][bookmark: _Toc465884563][bookmark: _Toc465173897]For NR Type 1 CSI feedback, a scalable port combining codebook is supported with up to 32 ports and with both 1D and 2D port layouts.
[bookmark: _Toc465176084][bookmark: _Toc465884552][bookmark: _Toc465884564]For NR Type 1 CSI feedback, the LTE-Rel-14 Class A, Config 1 codebook is used as a starting point for the port combining codebook design.

Conclusions
In this contribution we made the following observations:
Observation 1	LTE rel-14 will provide maximum deployment flexibility by enabling all possible 2D port layouts for each supported total number of ports. This will consequently also include 1D port layouts.
Observation 2	NR should be designed such that the supported port layouts in LTE rel-14 can be utilized in efficient manner also with NR.
Observation 3	Candidates for providing CSI in FDD mode are non-precoded CSI-RS (Class A eMIMO-type) and precoded CSI-RS (Class B eMIMO-type)
Observation 4	The approach utilizing precoded CSI-RS has a performance loss compared to the non-precoded CSI-RS for all the simulated cases.

Based on the discussion in this contribution, we propose the following:
Proposal 1	For NR Type 1 CSI feedback, a scalable port combining codebook is supported with up to 32 ports and with both 1D and 2D port layouts.
Proposal 2	For NR Type 1 CSI feedback, the LTE-Rel-14 Class A, Config 1 codebook is used as a starting point for the port combining codebook design.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref465846518]Chairman’s notes RAN1#86bis
Appendix

















	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

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

	Antenna Configurations
	32 ports:  4x8 and 16x2 with 2x1 virtualization
16 ports:  4x8 and 8x4 with 4x1 virtualization 
Tilt: 2x1: 130° for 3D-UMi 
        4x1: 108° for 3D UMa

	Cell layout
	57 sectors in total

	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 (UMi), 46 dBm (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

	Class A Codebook
	Rel-13 Class A codebook for 16 ports with Config 1
Rel-13 Class A codebook extension for 32 ports with Config 1
(O1,O2) = (4,4)

	Class B
	8/4 DFT beams in one dimension and  Rel-12 2/4/8 ports codebook in the other dimension

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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