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In RAN1#86, the following agreement was made regarding advanced CSI reporting:
· Specify CSI feedback enhancement with the following advanced CSI feedback framework:
· Reduced space (eigenvectors)/W1 is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Orthogonal basis (e.g. orthogonal DFT matrix)
· Alt2. Non-orthogonal basis (e.g. Rel.13 Class A W1 for rank-1 and/or 2)
· Reduced space representation/W2 is to further combine selected beams
· Granularity of weighting(phase and/or amplitude) can be either wideband only or wideband/subband, and is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Phase and amplitude
· Alt2. Phase-only weighting
· How the enhanced framework can be applicable for Class A and/or Class B eMIMO-Types is FFS
· FFS: How to handle the relationship between advanced CSI feedback and legacy CSI feedback framework
· Companies are encouraged to provide results comparing the above alternatives, considering a mix of smaller and larger numbers of ports within the following antenna port configurations
· {4,8,12,16,20,24,28,32} ports
· Focus on rank<=2 scenario MU-MIMO for evaluation
· Feedback overhead needs to be taken into account
· For {4,8,12,16, 20,24,28,32}-port scenario, companies are encouraged to compare their proposals to dual-stage codebook enhancement with increased number of beams in W1 


As seen, companies were encouraged to provide results for a mix of smaller and larger number of ports. In this contribution, we discuss the applicability of advanced CSI reporting enhancements targeting smaller antenna configurations using 4 and 8 TXRU.
[bookmark: _Toc462402218]Advanced CSI reporting for 4 and 8 TX systems
In Rel. 13, two types of CSI feedback modes were introduced: Class A and Class B CSI reporting. Class A reporting targeted non-precoded reference signalling schemes and supported 8, 12 and 16 antenna ports while Class B reporting targeted beamformed reference signalling schemes, using possibly several NZP CSI resources, each consisting of 2,4 or 8 antenna ports. While the newly introduced 2D precoder codebook is used for Class A reporting, the legacy 2,4 and 8 TX codebooks is used for Class B reporting. Thus, legacy non-FD-MIMO operation with 4 and 8 TXRU setups is covered using Class B CSI reporting in Rel. 13 and onwards. That is, Class B CSI reporting may be used both with many TXRUs and beamformed CSI-RS as well as 4 and 8 TXRUs with non-precoded CSI-RS in a legacy fashion.
Observation 1	Class B CSI reporting can be used with both legacy 4 and 8 TX operation as well as with beamformed CSI-RS and many TXRUs
The advanced CSI feedback enhancements discussed in RAN1 has primarily been targeting Class A operation with many TXRUs, as this is the region where MU-MIMO performance gains are becoming substantial. However, advanced CSI reporting may of course be beneficial for Class B eMIMO-Type as well, which requires investigation. The question is then if advanced CSI reporting for Class B should be tailored towards beamformed CSI-RS operation with many TXRUs or legacy 4 and 8 TX operation, or both. The codebook design may possibly be different for the different modes of operations. For instance, CSI reporting for Class B using beamformed CSI-RS and many TXRUs should be designed to be used with hybrid operation together with Class A reporting of W1, as is discussed in our companion contribution [1]. Further, as beamforming has already been applied on the CSI-RS ports in this case, the effective channel should be more unstructured and W2-like precoding could be used. Class B reporting for non-precoded CSI-RS using a lower number of TXRUs, on the other hand, could experience a more structured channel and benefit from using reduced space representation, applying both W1-like and W2-like precoding, at least for 8TX.
Observation 2 	Optimal Advanced CSI codebook for Class B eMIMO-Type may differ if the design is tailored towards 4 and 8 TX operation with non-precoded CSI-RS or hybrid Class A/B operation with many TXRUs
[bookmark: _Toc462402219]Evaluation results
To assess if advanced CSI enhancements for Class B eMIMO-Type tailored towards 4 and 8 TX operation is needed, we present simulation results comparing advanced CSI reporting with regular CSI reporting for 4 and 8 TX systems. 
The 4TX systems uses a 2x2 antenna array with 2x1 virtualization in 3GPP 3D-UMi scenario, other simulation assumptions are summarized in the Appendix. The following systems are evaluated
· SU-MIMO using the Rel. 8 4TX Householder codebook
· MU-MIMO using the Rel. 8 4TX Householder codebook
· MU-MIMO using the Rel. 12 4TX DFT codebook
· MU-MIMO using our proposed Multi-beam codebook with 2 beams and 8-PSK phase constellation [2]
The simulation results are presented in Figure 1 where cell edge and average user throughput gains at 70% RU are compared for the different systems. As seen, the multi-beam codebook does not give any significant gains in average user throughput, compared to existing DFT codebook. The cell edge performance of the multi-beam codebook is on a similar level as the DFT codebook. 
Observation 3	No benefit with advanced CSI feedback for 4TX system

For the 8TX systems, a 2x4 antenna array is used with 2x1 virtualization in 3GPP 3D-UMi scenario. The simulation assumptions and the systems simulated are similar as for the 4TX case, with the exception that the 8TX codebook is used in the baseline. The results are presented in Figure 2 below. For 8TX, a significant performance benefit with the proposed multi-beam advanced CSI codebook enhancement is seen, although maybe not substantial.
Observation 4	Some benefit with advanced CSI feedback for 8TX system
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[bookmark: _Ref463029844]Figure 1. Performance for 4TX system at 70 % RU
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[bookmark: _Ref463030246]Figure 2. Performance of 8TX system at 70 % RU
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Based on the evaluation results in the previous section, we see no need for advanced CSI enhancements for 4TX, however they could be motivated for 8TX if the additional specification impact is limited. As the Class A eMIMO-Type currently supports 8 antenna ports, albeit only with the codebook using , an obvious solution is to include 8TX in the Class A advanced CSI codebook (supporting both the  and  case) while tailoring Class B advanced CSI enhancements for hybrid Class A/B operation with many TXRUs. We summarize this statement in the following proposals:
Proposal 1	Include advanced CSI enhancements for 8TX antenna systems in the Class A advanced CSI codebook
Proposal 2	Tailor Class B advanced CSI codebook for hybrid Class A/B operation with many TXRUs and not towards 4 and 8 TX antenna operation


[bookmark: _Toc462402221]Conclusions
In this contribution we made the following observations:
Observation 1	Class B CSI reporting can be used with both legacy 4 and 8 TX operation as well as with beamformed CSI-RS and many TXRUs
Observation 2 	Optimal Advanced CSI codebook for Class B eMIMO-Type may differ if the design is tailored towards 4 and 8 TX operation with non-precoded CSI-RS or hybrid Class A/B operation with many TXRUs
Observation 3	No benefit with advanced CSI feedback for 4TX system
Observation 4	Some benefit with advanced CSI feedback for 8TX system

Based on the discussion in this contribution we propose the following:
Proposal 1	Include advanced CSI enhancements for 8TX antenna systems in the Class A advanced CSI codebook
Proposal 2	Tailor Class B advanced CSI codebook for hybrid Class A/B operation with many TXRUs and not towards 4 and 8 TX antenna operation
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Appendix
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	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	2x2, 2x4, with 2x1 virt., UMi (130° 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)

	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 not accounted for.  
Channel estimation error modeled.

	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










[bookmark: _GoBack]
[bookmark: _Toc462402225]Simulation results
Table 3: Results for 4TX system.
	
	50% RU
	70% RU

	
	CE UTP gain [%]
	Mean UTP gain [%]
	CE UTP gain [%]
	Mean UTP gain [%]

	4TX HH CB SU-MIMO
	0
	0
	0
	0

	4TX HH CB MU-MIMO
	-4
	-2
	-2
	-2

	4TX DFT Codebook MU-MIMO
	16
	6
	36
	22

	Multi-Beam Precoder 2 beams 8-PSK MU-MIMO
	13
	9
	28
	23







Table 4: Results for 8TX system
	Scheme
	50% RU
	70% RU

	
	CE UTP gain [%]
	Mean UTP gain [%]
	CE UTP gain [%]
	Mean UTP gain [%]

	8TX CB SU-MIMO
	0
	0
	0
	0

	8TX CB MU-MIMO
	24
	6
	9
	5

	Multi-Beam Precoder 2 beams 8-PSK MU-MIMO
	34
	12
	52
	24
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