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1. Introduction
In RAN1#86bis, the following working assumption is made on supported number of CSI-RS ports [1].
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
· 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 the necessity of supporting 12-32 CSI-RS ports for NR MIMO and share our views on this working assumption.
2. Supported number of CSI-RS ports
In LTE Rel.13 and Rel.14, two alternative approaches are proposed to enhance the legacy non-precoded CSI-RS based CSI feedback: BF CSI-RS based feedback and hybrid CSI based feedback. We discuss these two alternatives in this section to identify whether it is necessary to support 12-32 CSI-RS ports.
BF CSI-RS based feedback
For BF CSI-RS based feedback, TXRUs are virtualized into no more than 8 BF CSI-RS ports. Then UE can perform port-level or resource-level beam selection based on the BF CSI-RS. For resource-level beam selection, K>1 resources are configured for each UE. For each resource, only 8 CSI-RS ports are required. This configuration can also be performed in cell-specific manner. For port-level beam selection, K=1 resource is configured for each UE, and UE can feed back the preferred beam with W2-only codebook. In this case, gNB can configure up to 8 ports for each UE. However, for the port-level beam selection, BF CSI-RS should be configured UE specifically, and the UE specific beamforming vectors are difficult to acquire especially for FDD when channel reciprocity does not exist. Hence in Rel.14, hybrid CSI is introduced to solve this problem.
Hybrid CSI based feedback
In the current discussion on hybrid CSI in Rel.14, it has already been agreed that hybrid CSI with both Class A and Class B reports is introduced. For the configuration of Class A, gNB can only use partial ports to acquire UE specific beamforming for the CSI-RS associated with Class B feedback. For example, in Fig. 1, 8-port CSI-RS resource is configured to acquire the UE specific beamforming in vertical domain. Then for the 2nd eMIMO-Type, gNB configures 8 beamformed CSI-RS ports by using the beams contained in the W1 feedback of the 1st eMIMO-Type on each polarization. 


Fig.1 Hybrid CSI with 8-port Class A and 8-port Class B
For the above hybrid CSI approach, the required number of CSI-RS ports for each UE is 8. Compared with the NP CSI-RS approach with 32 CSI-RS ports, a large number of CSI-RS overhead is reduced. Moreover, as the first eMIMO-Type only conveys long-term CSI, the associated CSI-RS periodicity can be configured to be large. Then the CSI-RS overhead can be further reduced. We conduct simulations to show the performance of single CSI with 32-port NP CSI-RS, hybrid CSI with different CSI-RS periodicity for the first eMIMO-Type and hybrid CSI with different number of ports, including 8 ports and 32 ports, for the 1st eMIMO-Type. The simulation assumptions are listed in Appendix, and simulation results are shown in Fig. 2.

Fig.2 Performance comparison among different single CSI and hybrid CSI schemes
It can be seen from the simulation results that the performance of hybrid CSI based feedback with up to 8 CSI-RS ports is similar with the one of PMI based feedback with 32 CSI-RS ports. With appropriate periodicity for the first eMIMO-Type, hybrid CSI with smaller number of ports even performs better. Moreover, the mean performance of hybrid CSI with 32 ports in the first eMIMO-Type is worse than hybrid CSI with up to 8 ports (about 1% loss), and only some gain (about 2%) for cell-edge performance can be observed. Hence, we have the following observation.
Observation: Hybrid CSI based feedback with up to 8 CSI-RS ports provides similar performance as PMI based feedback with 32 CSI-RS ports, whereas the former has lower UE complexity.
Based on the above observation, we have the following proposal.
Proposal 1: For the legacy PMI-based normal-resolution feedback, it’s not necessary to support more than 8 CSI-RS ports in NR.
[bookmark: _GoBack]The above proposal implies that we cannot confirm the working assumption in Section 1 currently. Further, NR would also support high-resolution feedback mechanism. For high-resolution CSI feedback, large number of CSI-RS ports may be beneficial since gNB can acquire very accurate characterization of the channel. However, RAN1 still needs more evidence to show this benefit. When a particular scheme shows this benefit, more than 8 CSI-RS ports can be supported for high-resolution feedback.  Then other codebook based approaches e.g. more flexible downloadable/configurable codebook [2] can be considered instead of reusing LTE FD-MIMO codebooks.  Therefore, study on high-resolution CSI feedback should be done to determine the maximum number of CSI-RS ports.
Proposal 2: For high-resolution CSI feedback, if more than 8 CSI-RS ports are proven to be beneficial, they can be supported for NR.
3. Conclusions
In this contribution, we discuss the necessity of supporting more than 8 CSI-RS ports in NR.  Based on the above discussion and simulations, we propose NOT to confirm the working assumption in Section 1 now.  Besides, we have the following observation and proposals.
Observation: Hybrid CSI based feedback with up to 8 CSI-RS ports provides similar performance as PMI based feedback with 32 CSI-RS ports, whereas the former has lower UE complexity.
Proposal 1: For the legacy PMI-based normal-resolution feedback, it’s not necessary to support more than 8 CSI-RS ports in NR.
Proposal 2: For high-resolution CSI feedback, if more than 8 CSI-RS ports are proven to be beneficial, they can be supported for NR.
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Appendix I
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P,Q）=（4,4,2,32）
Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	Single CSI-RS: 5ms for Class A CSI,6RB
Hybrid CSI :T1=5~20ms for Class A CSI, WB
                 T2=5ms for Class B CSI, 6RB

	Feedback scheme
	PUSCH mode 3-2, 
PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 
With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 
(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 

is used, 
 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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