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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NR Ad hoc meeting, it was agreed on hybrid CSI that [1]
Agreements:
· The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2, e.g.
· Long-term CSI for a number of antenna ports or multiple NZP CSI-RS resources
· Short-term CSI for a number of antenna ports with one or more NZP CSI-RS resources
· The number of ports for long-term and short-term CSIs can be the same or different
· Contents of the CSI report are FFS
· This is achieved without introducing new features into the agreed upon CSI acquisition framework
In RAN1 #89 [2], agreement on codebook for beamformed CSI-RS was achieved as follows.
Agreements:
· NR supports the following extension of Type II Cat 1 CSI for rank 1 and 2
· where  is the number of CSI-RS ports
· The value of  is configurable: 
· The possible values of X follow Type II SP codebook
· 
·   is a length- vector with i-th element equal to 1 and 0 elsewhere
· Port selection:  - calculation and reporting of is wideband ( bits)
· The value of  is configurable:  under the condition that  and  
· Amplitude scaling and phase combining coefficients, along with their configurations, follow Type II SP codebook
· Note: SB phase combining coefficients, WB or WB+SB amplitude scaling
· FFS: Whether/how to make parameters of Type II SP codebook more scalable to support lower feedback overhead 
[bookmark: _Ref129681832]In the agreement from the last meeting, NR Type II codebook for beamformed CSI RS is proposed. Multiple ports can be selected and reported, and port combination is supported. It supports a high resolution CSI feedback when LTE Class B, K=1 like CSI RS is transmitted, i.e., different beamformers are applied to different CSI RS ports. However, gNB can also transmit LTE Class B, K>1 like CSI RS, i.e., the same beamformer is applied to the CSI RS ports within one resource. Based on the measurement, one CSI RS resource is selected, and beamforming that combines the ports within the selected resource can be reported based on the Type II single panel codebook. However, we believe for some scenarios, the current codebook may not be sufficient. In this contribution, we give our opinion on some enhancement for the Type II codebook design.
Insufficiency of one CRI reporting for multiple NZP CSI RS resource measurement
It is agreed that the CSI acquisition framework in NR supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms. In the CSI reporting of hybrid mechanism, the first CSI reporting can be based on measurement of multiple NZP CSI RS resource measurement, and long term CSI (e.g. selected CSI RS resource indicated by CRI) is reported. The second CSI reporting can be based on measurement of several antenna ports with one CSI RS resource, and short term CSI (e.g., including PMI/CQI) can be reported. 
In LTE and the current discussion, the long term CRI feedback for the first CSI reporting usually assumes one CRI being reported. This will be sufficient if the AOD angular spread is small and moderate. In NR, however, gNB can be equipped with a large number of antenna elements (e.g., 256), and the number CSI-RS ports is limited to not exceed 32. Therefore, the beam of one CSI RS resource can be narrow. Moreover, when the channel consists of multiple strong but very angular-separate path clusters, the angular spread at gNB can be very large. In this case, the beamformer of the reported one CRI cannot fully cover the strongest path clusters, and thus the system performance will be compromised. Therefore, one CRI reporting is not sufficient for this case.
Observation 1: One CRI reporting for multiple NZP CSI RS resources measurement may not be sufficient, especially for channel with large AOD angular spread.
Enhanced codebook design for beamformed CSI-RS
As discussed in section 2, UE may need to report multiple CRIs to gNB based on the multiple NZP CSI RS resources. However, with multiple CRIs reporting, how to get a proper precoder for the following CSI RS transmission, or a final precoder for PDSCH transmission should be studied. 
3.1 Scheme 1: UE report precoder for each selected resource and coefficients that combine the precoders
Scheme description
One way is that UE report multiple precoders, each precoder corresponding to one selected CSI RS resource. Each precoder can be based on the NR Type II single panel codebook structure in [3]. In addition to the precoder for each CSI RS resource, UE also report combining coefficients that linearly combine the precoders to get the final precoder. In this way, high resolution PMI is provided for each resource and covers one strong path cluster, and the combining coefficient makes the final precoder cover all strongest path clusters. Thus, performance gain can be expected.





For example, if two CSI RS resources are selected, then precoders are reported for each CSI RS resource. The precoder  combines the  ports within each resource, and are based on the W1W2 codebook structure, where W1 contain wideband orthogonal DFT beams, and W2 contains subband beam combination coefficients. In addition, complex coefficient  that combines the two precoders is also reported. Thus, the final precoder is constructed as .
CSI Reporting overhead analysis
However, the above solution causes PMI payload size to be doubled compared to only reporting one CRI, which is unacceptable since one subband based W2 introduces overhead about 150 bits. Therefore, a method that can provide a higher resolution than one CRI reporting, and meanwhile does not bring a doubled PMI payload size should be studied.
3.2 Scheme 2: UE report combining coefficients that combine the selected resources and precoder for the new generated resource
Scheme description

Note that there are multiple ports in each CSI RS resources, and when the resources have the same number of ports, combining the ports between resources is possible. To form the ports in each resource, an antenna array can be divided into several subarrays, and the antenna element on the same polarization in each subarray is virtualized by a DFT beamformer  to form a port. An example is shown in Figure 1.
[image: ]
Figure 1 Virtualization to form a CSI RS resource



Assuming resource 0 and resource 1 are selected, each resource having four ports. Let are the DFT beams to form resource 0 and 1, respectively, then a combination coefficient can be used to combine and  to form a new resource, whose coverage can cover the paths of the two resources, as shown in Figure 2.
[image: ]
Figure 2 A new CSI RS resource formed by multiple CSI RS resources




Specifically, let represent the combination coefficient for the -th (s=1,2) selected resource on polarization  (p=1,2), the beamformer for the new CSI-RS resource is . 




Based on the new CSI RS resources, a W1W2 structured precoder  based on the Type II signal panel codebook can be reported, to further combine the ports within the new resource, where  corresponding to polarization p ( in Figure 1).  Thus, the precoder corresponding to all the antenna elements of the whole array is constructed as .
To conclude, Scheme 2 includes reporting of
· multiple CRIs, 
· coefficients combining beamformers of the multiple CSI RS resources indicated by the CRIs, and 
· a precoder based on the new CSI RS resource which is formed by the selected resources and the reported coefficients.



CSI Reporting overhead analysis



Compared with selecting one resource and reporting the corresponding precoder based on the Type II codebook, Scheme 2 introduces extra overhead by reporting the resource combining coefficients . To reduce this extra reporting overhead, the combination coefficients  can be reported in a wideband manner per polarization, and the coefficients corresponding to different ports on the same polarization can be the same, i.e, . In this way, reporting the resource combination coefficients will not bring much reporting overhead. 


For example, if two resources are selected, and each coefficient is quantized with 3 bits for wideband amplitude and 3 bits for wideband phase, then  bits are required. If three resources are selected, then reporting  requires  bits. This level of overhead is acceptable.

Since only one high resolution precoder need to be reported based on the new CSI RS resource, the CSI reporting overhead will not be doubled as Scheme 1. The precoder reporting overhead for the new CSI RS resource depends on parameters like the beam number selected in W1, L, and rank [3]. Compared with this part of precoder reporting overhead, the extra overhead introduced by the  reporting is marginal. Simulation results are provided in Section 4 to justify the necessary of reporting more CRI, without introducing much CSI reporting overhead increase.
Proposal: NR support Scheme 2, i.e., multiple CRI and linear combination coefficients are reported, where the coefficients is used to combine the beamformers of the multiple NZP CSI RS resources indicated by the CRI.
Simulation
In this section, simulation results are provided to show the performance reporting multiple CRIs and also combination coefficients. Performance of legacy Class B, K>1 codebook is also provided as baseline. 
In the simulation, K=4 CSI RS resources are configured by gNB, and each resource has n=8 antenna ports. The port virtualization is as follows:
· TXRU mapping: (2,8,2,1,1),
· Port mapping within one CSI-RS resource: (2,2,2,1,1), i.e., one port is virtualized from 4 TXRU in horizontal dimension.
After determine the combination coefficients and thus the new CSI RS resource, the Type II single panel codebook agreed in [3] is applied, where
· L=2 beams are selected for W1,
· WB+SB amplitude quantization and 8PSK phase quantization are configured for W2 
The combination coefficients that combines the DFT beams of the selected CSI RS resources are reported in wideband manner: 
· 3 bits for amplitude quantization and 8PSK for phase quantization,
· The combination coefficients of the 4 ports in the same polarization are calculated jointly, and thus have the same value.
[image: ]
Figure 3 Performance with different number of CSI RS resources selected


In Figure 3, performance with one or more CRI reported are compared. “2 CRI” and “4 CRI” mean at most 2 and 4 CSI RS resources are selected by UE. Allowing UE to select two CSI RS resources, report the combining coefficients , and report a Type II precoder brings ~6% and ~17% average UPT gain and 5% UPT gain, compared with selecting only one CSI RS resource and report a corresponding Type II precoder. This performance gain comes from that more strong paths can be covered by the final precoder. The performance gain increase to ~9% and ~27% for average UPT and 5% UPT. Since reporting the combination coefficients  only requires 12/18 bits, respectively, the performance gain is promising. 
Observation 2: Reporting 2 CRI and resource combining coefficients bring ~6% and ~17% average UPT gain and 5% UPT gain, respectively, compared with reporting 1 CRI. 
Observation 3: Reporting 4 CRI and resource combining coefficients bring ~9% and ~27% average UPT gain and 5% UPT gain, respectively, compared with reporting 1 CRI. 
Conclusions
Observation 1: One CRI reporting for multiple NZP CSI RS resources measurement may not be sufficient, especially for channel with large AOD angular spread.
Observation 2: Reporting 2 CRI and resource combining coefficients bring ~6% and ~17% average UPT gain and 5% UPT gain, respectively, compared with reporting 1 CRI. 
Observation 3: Reporting 4 CRI and resource combining coefficients bring ~9% and ~27% average UPT gain and 5% UPT gain, respectively, compared with reporting 1 CRI. 
Proposal: NR support Scheme 2, i.e., multiple CRI and linear combination coefficients are reported, where the coefficients is used to combine the beamformers of the multiple NZP CSI RS resources indicated by the CRI.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: OLE_LINK1][bookmark: _Ref167612671]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 NR Ad-Hoc, Spokane, USA, 16-20, Jan. 2017. 
RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 NR #89, Hangzhou, China, 15–19, May, 2017.
R1-1709232, WF on Type I and II CSI codebook, Hangzhou, China, 15–19, May, 2017.

Appendix

	Parameters
	Values

	Duplex mode 
	FDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	[bookmark: _GoBack]10MHz

	Channel model
	SCM-3D-UMA

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 8, 2, 1, 1), (2, 4, 2, 1, 1), (1,4,2,1,1)

	BS antenna height 
	25m

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor, 3km/h, 
20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation, max rank =2
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