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1. Introduction
In January NR Ad Hoc meeting, the following agreement is achieved on CSI framework [1].
Agreement:
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links
· Each of the L links corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering
Moreover, in RAN1#88, two further agreements are made on report setting and hybrid CSI [2]
Agreement:
· Define “CSI reporting band” as a collection of (contiguous or non-contiguous) subbands pertinent to a CSI reporting setting
· FFS how the CSI reporting band is determined
· Three frequency granularities are supported:
· Wideband reporting
· Partial band reporting
· Subband reporting
· At least some combination(s) of the CSI parameters (e.g., CRI, RI, PMI, CQI, etc.) can be configured to be omitted from reporting within a CSI reporting setting
· FFS details
Agreement:
· In NR MIMO CSI framework, study aspects related to hybrid CSI reporting (e.g., long-term vs. short-term, joint vs. separate configuration in one reporting setting and/or one resource setting, etc.)
In [3], we have given a high-level description and some detailed proposals on the design concepts of multi-level and multi-component CSI acquisition for NR MIMO. In this contribution, we discuss more detailed design on signaling framework to support multi-level and multi-component CSI.
2.  Signaling framework for CSI acquisition
To support multi-level and multi-component CSI framework, multi-level configuration of CSI framework is necessary, especially for the configuration of CSI-RS and CSI reporting. In this subsection, we give some specific design on the configuration of CSI-RS resource settings and CSI report settings. 
2.1 Report settings
CSI parameter ON/OFF and frequency granularity
[bookmark: _GoBack]In RAN1#88 meeting, three different degrees of CSI frequency granularity are agreed including sub-band (SB), partial band (PB) and wideband (WB). Generally, SB can be regarded as the basic frequency component, whereas PB and SB are CSI reporting bands comprised of SBs. Moreover, it is also agreed to omit some reported parameters. As both Type I and Type II are supported in NR, numerous types of CSI parameters exist, including i11, i12, RPI, Type-I i2, Type-II i2 and so on. In LTE, report modes are pre-defined to jointly encode CSI content and frequency granularity. However, since different features may have different requirements of CSI parameter turn-off, e.g., semi-OL, hybrid CSI and so on, the legacy design is not scalable and flexible enough. In addition, considering forward compatibility, flexible parameter turn-off and frequency granularity needs to be supported. 
One flexible approach is using bit map to indicate whether it is needed to measure and report particular CSI parameters in different PBs, where PB sizes and locations are pre-defined. Then inside each PB which needs to report CSI parameters, another set of bit maps are configured to indicate SB reporting requirements. WB report can be regarded as a special example of PB. Specifically, we give an example of using two set of bit maps to indicate CSI ON/OF and frequency granularity. Bitmap for PB feedback is shown in Table I, where two PBs are pre-defined, 0/1 means this parameter is not reported/reported in this PB. Then Table II is another bit map to show report requirement of each SB inside PB 1, whereas Table III shows SB reports for SBs in PB2. 
Table I Bit map for PB feedback
	
	PB1
	PB2

	CSI parameter 1
	0
	0

	CSI parameter 2
	1
	0

	CSI parameter 3
	0
	1

	CSI parameter 4
	1
	1


Table II Bit map for SBs in PB1
	
	SB1
	SB2
	SB3
	SB4

	CSI parameter 2
	0
	0
	1
	1

	CSI parameter 4
	1
	0
	1
	1


Table III Bit map for SBs in PB2
	
	SB3
	SB4
	SB5
	SB6

	CSI parameter 3
	0
	1
	1
	1

	CSI parameter 4
	1
	1
	1
	1


Proposal 1: NR should use separate set of bit maps to indicate PB and SB report requirements of CSI parameters.
CSI report resource pooling
As multi-beam based MIMO transmission is one of the key technologies to combat high path loss and penetration loss in NR with high frequency, multiple beams should be used by UE for CSI reporting. The beamforming contains both wideband analog beamforming and frequency-selective digital beamforming. The indication of beam used for CSI reporting should be UE specific, and it can be the same indication for beam used for uplink data/control transmission. Compared with LTE, beamformed CSI transmission may cause larger interference. Moreover, gNB needs to use Rx beams which can be paired well with UE Tx beam to have better receiving. Hence gNB needs to allocate the CSI report resources for different UEs appropriately. On the other hand, it has been agreed that periodic, aperiodic and semi-persistent CSI reporting should be all supported for NR CSI reporting. CSI report resource pooling shared by multiple UEs can be considered to support flexible and efficient CSI report resource configuration for these CSI report types. 
Proposal 2: Configuration of CSI report resource pooling should be contained in CSI settings.
The procedure of multi-level configuration on CSI report resource pooling is depicted in Fig. 3.


Fig.3 CSI report resource pooling
As shown in Fig.3, a resource pool which can be shared among a group of UEs is configured through high layer signaling. Each element of the configured resource pool contains the potential resource used for CSI reporting. Each resource can contain the following parameters:
1) Information on time domain resources, e.g., subframes and OFDM symbols. 
2) Information on frequency domain resources, e.g., RBs and sub-bands. As frequency-selective precoder is applied for OFDM-based uplink, gNB may also need to allocate different RBs or sub-bands to different groups of UEs. This also depends on the design of uplink control channel and data channel.


Fig. 4 Flexible CSI report resource indication
As shown in Fig.4, flexible CSI report resource indication needs to be supported to enable dynamic gNB Rx beam switching. For periodic CSI reporting, gNB is able to configure the resource allocation semi-statically in subframe-level. RRC signaling is enough to carry the subframe-level parameters. Further, since gNB Rx beam can change in symbol-level to adjust to dynamic channel varying, gNB needs to configure symbol-level CSI report resource to UE dynamically based on the configured subframe-level resources. For semi-persistent CSI reporting, as whether CSI reporting appears is based on the semi-persistent activation/deactivation procedure, gNB needs to allocate CSI report resource semi-persistently to adjust Rx beam and eliminate interference. Then CSI report resource allocation based on a shared pool and activation/deactivation with L1/L2 signaling is more suitable for semi-persistent CSI reporting. Similarly, for aperiodic CSI reporting, gNB needs to allocate CSI report resource dynamically to adjust Rx beam at least in subframe-level. Then DCI is required to indicate CSI report resource in the configured pool. Based on the above discussion, we have the following proposal.
Proposal 3: NR should support dynamic CSI report resource indication based on CSI report resource pooling.
Flexible codebook configuration with CSR
In LTE, codebook based CSI measurement and feedback is built with a set of configured parameters, e.g., codebook dimensions, oversampling factors, codebook config and so on. Except codebook dimensions, other parameters describes how W1 beam group is constructed from the grid of beams. Moreover, the constructed beam group can only be uniformly distributed in the spatial domain. As a matter of fact, this function can be implemented with one parameter, codebook subset restriction (CSR). Moreover, as Type I feedback is more suitable for non-rich scattering scenarios, only a few clusters exist in the wireless channel. Then only a small angular range of the entire space needs to be oversampled with large factor. Based on a baseline grid of beams, CSR can be used to indicate which angular range can be oversampled with larger factor, and which angular range can be quantized with more coarse beams. Hence configuration based on CSR can achieve similar performance as the current parameterized codebook in LTE with lower overhead. Additionally, with CSR, flexible codebook configuration can be more forward compatible. 
Proposal 4: CSR configuration should be contained in CSI settings.
Based on the above discussion, CSR is the essential parameter for codebook configuration. Then the flexibility and signaling overhead for CSR are important metrics in the design of CSI settings. Fig.5 gives a good example of CSR indication with a multi-level structure. In our companion contribution [4], we give a more specific description on the design of CSR.


Fig. 5 Flexible CSR configuration
Proposal 5: Dynamic CSR indication based CSI feedback should be supported for NR CSI measurement and report.
2.2 Resource settings
Aperiodic and semi-persistent CSI-RS
As discussed above, AP-CSI-RS resources and SP-CSI-RS resources are configured based on the shared resource pool. For AP-CSI-RS, since it is single-shot and dynamic CSI-RS transmission, DCI is required to trigger the CSI-RS resources. Then two options can be used for AP-CSI-RS as follows.
Opt-1: DCI is used to choose AP-CSI-RS resources in CSI-RS resource pool
Opt-2: DCI is used to choose AP-CSI-RS resources from resources activated through MAC CE or DCI
Due to the fact that Opt-1 is more efficient and straight-forward for AP-CSI-RS, it should be supported. However, since resource for DCI is quite limited, if the configured CSI-RS pool is large, Opt-1 may cost too much DCI overhead. Then Opt-2 can be used to balance DCI overhead and configuration flexibility since the volume of resource set can be reduced after activation. Hence we have the following proposal.
Proposal 6: For AP-CSI-RS, 
· If CSI-RS resource pool contains no larger than X resources, DCI is used to choose AP-CSI-RS resources in CSI-RS resource pool
· If CSI-RS resource pool contains larger than X resources, DCI is used to choose AP-CSI-RS resources from resources activated through MAC CE or DCI
· FFS value of X
In order to achieve most flexibility, the timing indication between aperiodic CSI-RS trigger and CSI-RS transmission may be configurable. Then, in two different slots, gNB may trigger two CSI-RS transmission in the same slot. Once these two CSI-RS resources are overlapping, how to implement CSI measurement based on these overlapping CSI-RS resources should be clear for UEs.
Another issue for AP-CSI-RS and SP-CSI-RS resource configuration is slot configuration, e.g., subframe configuration. To support multi-shot CSI-RS, the configuration of SP-CSI-RS resource should include slot configuration. However, as the timing relationship between triggering and CSI-RS transmission can be flexibly configured for AP-CSI-RS, slot configuration of AP-CSI-RS is not necessary. One possible solution to this issue is that slot configuration is included in the configuration of CSI-RS resource pool, but UE ignores this slot configuration if DCI is used to trigger CSI-RS.
Proposal 7: In NR, slot configuration is included in the configuration of CSI-RS resource pool, but UE ignores the slot configuration if DCI is used to trigger CSI-RS.
Resource-specific CSI-RS resource pool configuration
As illustrated above, CSI-RS resource pool is used for AP and SP CSI-RS resource configuration. However, as the entire CSI reported the one UE may contain multiple components, only one CSI-RS resource pool is not sufficient for CSI acquisition in some scenarios. Several use cases for supporting multiple CSI-RS resource pool can be identified. For example, as dense urban with Het-Net layers is an important scenario in NR, to support eICIC-like technology, different subframe sets can be considered. This feature can be implemented by configuring multiple CSI-RS resource pools as shown in Fig.6. Different pools are associated with different sets of subframe configurations, i.e., each CSI-RS pool is associated with a subframe set. To avoid interference from macro in non-ABS, CSI-RS with different beams can be configured compared to the cases when it has no interference from macro in ABS.  In general, different beams are used for different resources since different resources may suffer different spatial interference due to interference coordination.  Therefore, it is desirable to configure resource-specific CSI-RS resource pools. Similarly, configuring multiple resource-specific CSI-RS pools facilitates implementation of DPS, SSPS, eIMTA and so on.


Fig. 6 Multiple CSI-RS pools
Based on the above discussion, as CSI acquired from different CSI-RS resource pools can be regarded as different CSI components, it can be concluded that configuring multiple CSI-RS pools is beneficial to support multi-component CSI. Therefore, we have the following proposal. 
Proposal 8: NR should support configuring multiple resource-specific CSI-RS resource pools.
2.3 Support hybrid CSI in CSI framework
Hybrid CSI has been specified in LTE Rel-14 by supporting hybrid utilization of Class A and Class B K=1, as well as hybrid utilization of Class B K>1 and Class B K=1 in one CSI process. Class A or Class B K>1 feedback only contains long-term CSI feedback, i.e., CRI, i1 and RI, and it is used to acquire long-term beam information for channel virtualization. Class B K=1 feedback is used to acquire accurate beam information based on the virtualized channel. For NR, hybrid CSI can be applied to the case that long-term FDD reciprocity only gives coarse beam range. Hence it has been agreed in RAN1 January Ad Hoc meeting to support long-term CSI for one or more CSI-RS resources and short-term CSI for one CSI-RS resource. Moreover, as large number of ports lead to large CSI-RS and CSI overhead, Class A feedback can be configured with large feedback period and associated CSI-RS period. Hence the saved overhead can bring performance gain compared with legacy Class A approach.
We simulate the case that Class A is used to virtualize 32 ports to 8 ports, and 8-port Class B is used to obtain accurate CSI. Moreover, we evaluate hybrid CSI with different NP CSI-RS periodicities to show the benefit of difference configuration cases. Simulation parameters are shown in Appendix. Simulation results are shown in Table I. It can be seen in Table I that with proper CSI-RS periodicity configuration, hybrid CSI achieves better performance than legacy Class A feedback. 
Table I Performance of different NP CSI-RS periodicities for hybrid CSI
	
	T1=5ms
Baseline
	T1=5ms
Hybrid CSI
	T1=10ms
Hybrid CSI
	T1=20ms
Hybrid CSI
	T1=50ms
Hybrid CSI
	T1=100ms
Hybrid CSI
	T1=200ms
Hybrid CSI

	RU
	0.474
	0.478
	0.458
	0.446
	0.444
	0.457
	0.481

	Mean
	28.69
(0%)
	28.64
(-0.17%)
	30.27
(5.51%)
	31.15
(8.57%)
	31.18
(8.68%)
	29.94
(4.36%)
	28.29
(-1.39%)

	5%
	7.71
(0%)
	7.48
(-2.98%)
	8.21
(6.49%)
	8.64
(12.06%)
	8.83
(14.53%)
	8.49
(10.12%)
	7.38
(-4.28%)

	50%
	26.49
(0%)
	25.64
(-3.21%)
	27.97
(5.59%)
	28.57
(7.85%)
	28.78
(8.64%)
	27.03
(2.04%)
	24.84
(-6.22%)


Based on Table I, we have the following observation.
Observation: Proper CSI-RS periodicity relationship between CSI-RS resources associated with long-term CSI and short-term CSI helps to achieve better gain for hybrid CSI.
In order to support hybrid CSI in NR CSI framework, two different approaches can be identified. The first approach is to independently configure CSI-RS resources and CSI reporting associated with long-term and short-term CSI in two resource or report settings. Another approach is to jointly configure CSI-RS resources and CSI reporting associated with long-term and short-term CSI in one resource or report setting. Based on the above observation, the optimization of CSI-RS periodicity relationship is beneficial, e.g., periodicity of the CSI-RS associated with long-term CSI can be N times of the CSI-RS associated with short-term CSI. Hence in order to reflect this relationship, joint configuration should be supported. Moreover, as the CSI-RS associated with short-term CSI is usually UE-specific, using aperiodic CSI-RS for short-term CSI also helps to reduce CSI-RS overhead and endow more flexibility for beam refinement.
Proposal 9: To support hybrid CSI in NR MIMO, optimization of CSI-RS periodicity relationship associated with long-term and short-term CSI needs to be considered, e.g., periodicity of the CSI-RS associated with long-term CSI can be N times of the CSI-RS periodicity associated with short-term CSI.
Proposal 10: For hybrid CSI in NR MIMO, the CSI-RS associated with short-term CSI can be aperiodic.
3. Conclusions
In this contribution, we discuss the detailed design of CSI framework to support multi-level and multi-component CSI. Based on the discussion, we have the following observation and proposals.
Observation: Proper CSI-RS periodicity relationship between CSI-RS resources associated with long-term CSI and short-term CSI helps to achieve better gain for hybrid CSI.
Proposal 1: NR should use separate set of bit maps to indicate PB and SB report requirements of CSI parameters.
Proposal 2: Configuration of CSI report resource pooling should be contained in CSI settings.
Proposal 3: NR should support dynamic CSI report resource indication based on CSI report resource pooling.
Proposal 4: CSR configuration should be contained in CSI settings.
Proposal 5: Dynamic CSR indication based CSI feedback should be supported for NR CSI measurement and report.
Proposal 6: For AP-CSI-RS, 
· If CSI-RS resource pool contains no larger than X resources, DCI is used to choose AP-CSI-RS resources in CSI-RS resource pool
· If CSI-RS resource pool contains larger than X resources, DCI is used to choose AP-CSI-RS resources from resources activated through MAC CE or DCI
· FFS value of X
Proposal 7: In NR, slot configuration is included in the configuration of CSI-RS resource pool, but UE ignores the slot configuration if DCI is used to trigger CSI-RS.
Proposal 8: NR should support configuring multiple resource-specific CSI-RS resource pools.
Proposal 9: To support hybrid CSI in NR MIMO, optimization of CSI-RS periodicity relationship associated with long-term and short-term CSI needs to be considered, e.g., periodicity of the CSI-RS associated with long-term CSI can be N times of the CSI-RS periodicity associated with short-term CSI.
Proposal 10: For hybrid CSI in NR MIMO, the CSI-RS associated with short-term CSI can be aperiodic.
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5. Appendix 
	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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