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1. Introduction
In previous RAN1 meetings, progress has been made on some details on CSI framework. In this contribution, we provide our view and analysis on the related issues, especially for CSI feedback timing requirement and considerations on beam management.
2. CSI feedback timing requirement
Until RAN1 ad-hoc#2, the following agreements related to CSI report were reached [1-2]:
RAN1#89
Agreements:
· RAN1 supports aperiodic CSI report on PUSCH, including two cases: 
· Case-1: CSI reports multiplexing with uplink data in PUSCH
· Case-2: CSI reports only in PUSCH (no uplink data)
· Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
· FFS: aperiodic CSI report on PUCCH

RAN1 ad-hoc#2
Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH
Agreements:
· For aperiodic CSI-RS triggering offset X, X is fixed to zero. 
· For aperiodic CSI reporting on PUSCH, Y is indicated by DCI.
· DCI to be used for indicating the timing for PUSCH is also used to indicate Y.
· This applies to both UCI only and UCI+Data PUSCH
· The set of values is configured by higher layer
· The candidate set of values of Y is selected according to restricted conditions inferred from configuration of CSI related settings.
· The condition include at least;
· CSI parameter
· Number of CSI-RS antenna ports if PMI is included
· CSI-RS location
· Frequency granularity of CSI
· FFS: number of simultaneous CSI calculations
· FFS on mechanisms to relax CSI report timing according to number of simultaneous CSI calculations
· FFS different or same candidate Y value for the cases of UCI multiplexed with data and UCI only 

The requirement of Y is further discussed below. 
In general, we need to investigate the following factors for deciding the timing requirement Y for CSI feedback and restricted conditions: 
· Candidate CSI report type and UE complexity
· System gain
· Slot structure
· Impact on other prioritized usage of UL resource, e.g., ACK/NACK on short PUCCH, or UL data 
It had been proposed to support Y=0 with restricted conditions. Immediate CSI report is good so that gNB obtains fresh CSI reflecting channel condition. However, the CSI report is fresh only if all CSI components, including RI, PMI, and CQI can be all obtained simultaneously. If TDM-like approach used in LTE is applied to report CSI components, the CSI delay is still bounded by the last piece of CSI report.
[bookmark: _Ref490142724]Observation 1: Y=0 is meaningful only if all CSI components are reported in a slot.  
The most feasible slot structure supporting Y=0 may be the self-contained slot with 1-symbol PUCCH or PUSCH, which leaves the longest CSI computation time given Y=0. Considering CSI processing time and also the container size for UCI, only light CSI information is possible for a reliable CSI report. Following observation 1, only the case with WB only and few CSI-RS ports may be possible for Y=0. SB based CSI report is less suitable for one-shot reporting on either PUSCH or short PUCCH (if available). 
[bookmark: _Ref490142834]Observation 2: Regarding UE’s processing time for CSI, Y=0 is only possible for WB CSI feedback with few CSI-RS ports.
The next question is what the system benefit is by adopting Y=0 instead of Y=1 or Y>1. Even if Y=0 is applied, because it is not possible to trig A-CSI for every slot, network always has to schedule UEs based on some delayed CSI reports. To overcome channel aging effect especially for high-speed scenarios, the design rationale should be to obtain at least one CSI report for every period of channel coherent time, and meanwhile the network side should process very fast within each coherent period. A fast one-shot reporting without successive fast CSI reports following up is not enough to bring performance gain. On the other hand, if one slot duration is much less than channel coherence time, the performance difference between Y=0 and Y=1 is not significant unless UE is requested to feedback CSI with fine granularity in both time domain and frequency domain. Also following observation 2, if only WB CSI feedback is considered for Y=0, such WB CSI usually exhibits longer coherent time than the coherent time of the channel for each subcarrier/subband, so the gain of Y=0 over Y=1 is not significant. In summary, we do not see the need of supporting Y=0 unless scenarios with sufficient system gain are identified.
[bookmark: _Ref490142838]Proposal 1: Y=0 is not supported in Rel-15 NR.
Regarding the timing requirement for CSI computation, it may depend on 
· Subcarrier spacing and corresponding slot duration  
· Bandwidth or frequency granularity (whole band, partial band or sub-band)
· Number of simultaneous CSI report calculations
· Number of CSI-RS antenna ports
· CSIRS symbol position (last symbol position) and density
· CSI report content
· UCI only and UCI multiplexed with data

Significant specification effort is needed to define restricted condition for each Y value if the condition is parameterized by all factors listed above. To reduce specification effort and as a starting point, we may consider to specify restricted conditions assuming single CSI process. Then the maximum number of simultaneous CSI processes within slots [t, t+Y] that a UE can handle should be reported by UE capability. Since multiple subcarrier spacing candidates are newly introduced in NR but not in LTE, the UE capability might be reported as a function of subcarrier spacing.
[bookmark: _Ref490142840]Proposal 2: Restricted conditions for each Y should be specified assuming single CSI process. The maximum number of simultaneous CSI processes within slots [t, t+Y] that a UE can handle should be reported by UE capability.
3. CSI Framework consideration for beam management
Agreements (RAN1#88):
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
⁞
· A reporting setting at least including
· Information indicating selected beam(s)
· L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
 ⁞
Agreements (RAN1#88b):
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated
3.1 Configuration to support different beam sweeping type
Beam management procedure under discussion include P-1/P-2/P-3 procedures. Functionality-wise, P-1 provides opportunities for exhaustive search between TRP beams and UE beams so that strong beam pair links can be identified efficiently, and P-2/P-3 provides beam refinement opportunities at TRP-side and UE-side, respectively, based on P-1 results. P-1/P-2/P-3 also imply different UE Rx beam sweeping behavior (swept beams or same beam). While both P-1 and P-3 procedures require UE beam sweeping on different Rx beams, P-1 procedure needs periodic RS in order to guarantee new beam pair link detection during e.g., mobility scenarios. Besides, since P-3 procedure provides beam refinement opportunities, it is sensible for UE to know P-3 appearance so that UE Rx beam refinement can take place in the neighborhood of a functioning UE Rx beam.
From UE perspective, beam sweeping type needs to be determined before measurements are performed. One way for UE to differentiate P-1/P-2 procedure is via RRC configuration. For example, P-1 procedure can be configured with periodic resource setting and P-2 procedure can be configured with aperiodic resource setting. To differentiate P-2 from P-3, explicit signaling can be included in resource configuration or in reporting configuration so that UE can learn a P-3 measurement/reporting upon triggering.
[bookmark: _Ref490149459]Proposal 3: NR supports RRC message for informing UE of different beam sweeping patterns during beam measurements.
3.2 CSI for beam reporting
For beam management purpose, beamformed channel quality corresponding to multiple beam pair links may need to be reported to NW in beam reporting. Since CSI content calculation imposes substantial overhead on UE, it is preferable not to use CSI as quality measure in beam reporting. Thus, in general cases, RSRP is a more sensible reporting metric than CSI. On the other hand, using RSRP for beam reporting would require another CSI reporting process corresponding to the selected beam pair link for link adaptation. Additional overhead is expected.
[image: ]
[bookmark: _Ref490149402]Figure 1: Illustration of using CSI as beam reporting in UE-controled beam selection scenario.
[bookmark: _GoBack]There are cases where beam reporting and CSI reporting can be merged. In such cases, CSI can be used for beam reporting and the same content can be used for link adaptation, which results in reduced feedback overhead. When beamformed channel quality of multiple beams is reported, beam selection can be NW-controled. This would be beneficial from perspectives of e.g., scheduling flexibility. However, such flexibility is not always needed. When e.g., user density is low, one can trade the flexibility with feedback overhead. This allows UE to reporting simply one beam quality of a beam pair link in beam reporting. Essentially, this turns beam selection process from NW-controled to UE-controled one. Figure 1 illustrates the concept. When operating in UE-controled beam selection mode, not only feedback overhead but also beam indication overhead can be saved.
[bookmark: _Ref490149436]Observation 3: For UE-controled beam selection, i.e., the number of reported beam in beam report is 1, CSI can be used as quality measure in beam reporting.
Another case that CSI can be used as quality measure in beam reporting without assuming number of reported beam =1 is during P-3 procedure. During P-3 procedure, UE Rx beam refinement is performed while TRP Tx beam is fixed to a same one. Since UE beamforming is NW-transparent, UE refined beam is simply up to UE selection. Thus, CSI content can be calculated based on refined UE Rx beam and be reported in beam reporting.
[bookmark: _Ref490149437]Observation 4: CSI can be used as quality measure in beam reporting for P-3 procedure.
[bookmark: _Ref490149461]Proposal 4: NR supports CSI to be used as quality measure for beam reporting, at least when the number of reported beam =1, or for P-3 procedure.
4. Conclusion
This contributions provides our views on timing requirement CSI reporting and CSI framework considerations on beam management. We have the following observations and proposals:
Observation 1: Y=0 is meaningful only if all CSI components are reported in a slot.
Observation 2: Regarding UE’s processing time for CSI, Y=0 is only possible for WB CSI feedback with few CSI-RS ports.
Observation 3: For UE-controled beam selection, i.e., the number of reported beam in beam report is 1, CSI can be used as quality measure in beam reporting.
Observation 4: CSI can be used as quality measure in beam reporting for P-3 procedure.
Proposal 1: Y=0 is not supported in Rel-15 NR.
Proposal 2: Restricted conditions for each Y should be specified assuming single CSI process. The maximum number of simultaneous CSI processes within slots [t, t+Y] that a UE can handle should be reported by UE capability.
Proposal 3: NR supports RRC message for informing UE of different beam sweeping patterns during beam measurements.
Proposal 4: NR supports CSI to be used as quality measure for beam reporting, at least when the number of reported beam =1, or for P-3 procedure.
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