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1	Introduction
In RAN1#92bis, agreements were made to refine the UE capability for advanced CSI reporting so that a different maximum number of ports supported for advanced CSI codebook than the maximum number of ports the UE was capable of supporting for Class A codebook could be indicated:
Agreements:
· Introduce a new UE capability csi-ReportingAdvancedMaxPorts-r14 that indicates the maximum number of CSI-RS ports supported for advanced CSI.
. The range of this capability is ENUMERATED {[8], 12, 16, 20, 24, 28}
1. RAN1 will confirm whether the value 8 is included in RAN1#93.
. Introduce this capability per BoBC.
. To keep backward compatibility with current Rel-14 ASN.1:
3. if the UE does not include this capability and indicates csi-ReportingAdvanced-r14 as supported for a BoBC, then the UE supports advanced CSI with 32 ports in that BoBC
3. if the UE includes this capability for a BoBC, then the UE does not indicate csi-ReportingAdvanced-r14 for a BoBC

The remaining issue is whether it shall be possible for the UE to indicate 8 as the maximum number of antenna ports for advanced CSI, or if 12 antenna ports can be the smallest value the UE can support.
[bookmark: _Ref178064866]2	Discussion
Advanced CSI reporting was introduced in Rel-14 mainly to provide richer channel information for the gNB to utilize to derive more accurate precoding to enhance MU-MIMO operation, by for instance forming nulls towards co-scheduled UE in the antenna radiation so as to reduce the inter-cell interference. As is widely known in the industry, a sufficiently large number of controllable antenna elements is required in order for MU-MIMO to give significant benefits in a realistic scenario. Thus, the advanced CSI codebook design and evaluation considered mostly larger number of antenna ports such as 16-32 and indeed it was found in Rel-14 study that the most gains of advanced CSI compared to Class A codebook was found in the 16Tx case.
Another thing to consider is that Rel-14 advanced CSI codebook design in LTE was constrained due to legacy LTE feedback formats (such as PUCCH format capacity for periodic CSI) essentially limiting the allowable feedback overhead and thus the resulting performance, implying that the performance of LTE advanced CSI is much lower than that of the NR Type II CSI, which also limited the performance gains seen at lower number of antenna ports.
Essentially, LTE advanced CSI only starts to see significant performance gains over Class A codebook at 12-16 antenna ports. For 4-8 antenna ports, the advanced CSI codebook performs essentially the same as Class A, even at 70% resource utilization, as can be seen in the evaluation results in Table 1 and Table 2 (simulation assumptions are summarized in the Appendix).

[bookmark: _Ref475358341]Table 1: Performance of Rel-14 advanced CSI codebook in 3GPP 3D Uma and UMi for 4, 8 and 16 antenna ports @ 570% RU
	Scenario:
	UMa
	UMi

	16TX

	Scheme
	CE UPT gain [%]
	Mean UPT gain [%]
	CE UPT gain [%]
	Mean UPT gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	5
	-1
	14
	1

	Advanced CSI MU-MIMO
	34
	11
	46
	15

	8TX

	Scheme
	CE UPT gain [%]
	Mean UPT gain [%]
	CE UPT gain [%]
	Mean UPT gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	5
	-1
	10
	1

	Advanced CSI MU-MIMO
	11
	3
	11
	4

	4TX

	Scheme
	CE UPT gain [%]
	Mean UPT gain [%]
	CE UPT gain [%]
	Mean UPT gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	5
	-1
	5
	-3

	Advanced CSI MU-MIMO
	4
	0
	9
	1



Table 2: Performance of Rel-14 advanced CSI codebook in 3GPP 3D Uma and UMi for 4, 8 and 16 antenna ports @ 70% RU
	Scenario:
	UMa
	UMi

	16TX

	Scheme
	CE UPT gain [%]
	Mean UPT gain [%]
	CE UPT gain [%]
	Mean UPT gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	24
	4
	35
	14

	Advanced CSI MU-MIMO
	69
	26
	105
	41

	8TX

	Scheme
	CE UPT gain [%]
	Mean UPT gain [%]
	CE UPT gain [%]
	Mean UPT gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	18
	5
	23
	5

	Advanced CSI MU-MIMO
	25
	9
	31
	12

	4TX

	Scheme
	CE UPT gain [%]
	Mean UPT gain [%]
	CE UPT gain [%]
	Mean UPT gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	-2
	-4
	5
	-4

	Advanced CSI MU-MIMO
	1
	-2
	9
	0



[bookmark: _Toc513834613]Advanced CSI codebook does not provide either significant cell edge throughput gains or mean throughput gains over Class A codebook for 4 and 8 antenna ports

[bookmark: _GoBack]Thus, it does not make sense for a UE to implement the advanced CSI codebook for only 8 antenna ports as there is no real benefit and advanced CSI codebook for 8Tx will never be deployed in practical networks. For this reason, we propose that 12 antenna ports shall be the minimum number of maximum supported antenna ports for advanced CSI the UE can indicate in the capability signalling.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Advanced CSI codebook does not provide either significant cell edge throughput gains or mean throughput gains over Class A codebook for 4 and 8 antenna ports


Based on the discussion in the previous sections we propose the following:
Proposal 1	The range of the capability csi-ReportingAdvancedMaxPorts-r14 is ENUMERATED {12, 16, 20, 24, 28}
 





[bookmark: _In-sequence_SDU_delivery]Appendix
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD
3D UMa 500m ISD

	Antenna Configurations
	UMi:
16TX: 8x4 with 4x1 virt., UMi (108° tilt)
8TX: 8x4 with 4x2 virt., UMi (108° tilt)
4TX: 4x4 with 4x2 virt., UMi (108° tilt)
UMa:
16TX: 8x4 with 4x1 virt., UMi (108° tilt)
8TX: 8x4 with 8x1 virt., UMi (100° tilt)
4TX: 8x4 with 8x2 virt., UMi (100° 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 noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi) , 46 dBm (UMa)

	Traffic model
	FTP Model 1, 100 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 modelled.

	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



