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1. Introduction
In RAN1#86 meeting, WFs on the CSI acquisition and report NR [1]-[5] are discussed and agreed as follows:
	Agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
· The implicit CSI feedback methods should be studied in NR
· Codebook design
· Interference measurement based on interference measurement resource which could be one or more of the following options
· ZP CSI-RS (if supported) 
· NZP CSI-RS (if supported)
· DMRS (if supported)
· Other resources are not precluded
· CSI feedback based on DMRS (if supported)
· The explicit CSI feedback methods should be studied in NR
· Feedback of channel covariance matrix
· Feedback of channel matrix 
· Feedback of channel eigenvector
· Both quantized and unquantized/analog feedback
· Other methods are not precluded
· CSI measurement and reporting with the following components should be studied in NR
· Wideband/long-term CSI
· Subband/short-term CSI
· Explicit CSI
· Implicit CSI
· Configuration of the above components individually or jointly is FFS

Agreements:
Study aperiodic CSI reporting in conjunction with aperiodic RS transmission:
· Dynamic indication of aperiodic RS and interference measurement resource including
· Aperiodic RS for channel measurement for CSI reporting
· Aperiodic interference measurement resource for interference measurement,  including using non-zero/zero power RS, demodulation RS;
· Resource pool sharing for aperiodic channel and interference measurement resources
· Study the timing requirement among aperiodic RS triggering, CSI reporting triggering, aperiodic RS transmission, and CSI reporting.  
· Timing between CSI triggering and aperiodic RS transmission X
· Timing between aperiodic RS transmission and CSI reporting Y
· Notes: Consider the single triggering for RS transmission and CSI reporting;
· Others are not precluded
· Note: aperiodic triggering doesn’t preclude on-demand (using activate/release mechanism) triggering 

Agreements:
· Support at least one of the following schemes for CSI reporting:
· Scheme 1: periodic CSI reporting analogous to LTE
· Scheme 2: semi-persistent CSI reporting (e.g. activate/release mechanism analogous to LTE SPS)
· Scheme 3: aperiodic CSI reporting 
· FFS: Possible signaling support   
· Strive to design NR periodic, semi-persistent, and/or aperiodic CSI reporting, considering at least following aspects
· UL coverage
· Required RS
· Reporting information type
· Forward compatibility
· Energy efficiency
· RS and CSI reporting overhead
· Study whether to avoid specifying dependency between CSI reports in different reporting instances 
· Such dependencies, if any, can be different for periodic, semi-persistent, and/or aperiodic CSI reporting

Agreements:
· Study flexible timings of RS indication/transmission for CSI measurement, CSI feedback triggering/reporting. Following aspects should be considered at least for periodic CSI (where appropriate)/aperiodic/semi-persistent CSI reporting
· Linkage between each timing
· Details FFS. Some non-exhaustive exemplary timing relationships include:
· Ex1) RS indication and CSI feedback triggering 
· Ex2) RS indication and RS transmission 
· Ex3) RS indication, RS transmission, CSI feedback triggering and CSI reporting in the same [SF]
· Signaling method for timing, if needed (if so, details)
· Feasible time gap between RS transmission and CSI reporting taking CSI computation delay/complexity, propagation delay, channel coherence time, and UL timing advance into account
· Signaling overhead needs to be taken into account
· Note: the timing above refers to layer 1 control signaling, higher-layer signaling or a combination thereof
· Note: RS indication can be RS triggering or RS activation/deactivation, and can include RS resource configuration. 
· Note: This doesn’t preclude a fixed timing based RS transmission for CSI measurement, CSI feedback reporting.

Agreements:
· At least one of following RS configurations for CSI measurement are supported in NR
· Aperiodic RS
· Semi-persistent RS
· Periodic RS
· Study RS pattern for CSI measurement in NR both for DL and UL
· Study the density of RS
· Study the position of RS in the [subframe]
· Study the mapping of RS in one or several symbols


In this contribution, we discuss the views on CSI acquisition for NR-MIMO.
2. CSI reporting for NR
In NR, both implicit and explicit feedback can be considered. Implicit feedback indicates preferred precoder information whereas explicit feedback indicates MIMO channel directly. Comparing these two types, the main merits of implicit feedback are (1) lower CSI feedback overhead and (2) transparency of UE receiver capability. 
Regarding (1), the size of precoding information is associated with the number of layers rather than the number of receive antennas, which is equal or greater than the number of layers. Following experiences of LTE, low rank transmission will be more common even though UE has a large number of antennas due to the channel conditions. From the enlarged gap between the number of UE antennas and the average rank, the gap in terms of feedback overhead is inherently expected to be enlarged between the two feedback types.
Regarding (2), the implicit feedback information reflects UE receiver capability transparently to TP. Various MIMO receiver algorithms can be applied to UE and they can make a huge gap in performance even at the same channel condition. By using implicit feedback, the difference is already reflected in the feedback and TP do not need to take the UE receiver capability into account. In case of explicit feedback, TP should assume a specific UE receiver, which may not be the same as reality.
Compared with explicit feedback, main demerit of implicit feedback is the difficulty of reflecting exact inter-layer interference in case of MU-MIMO. A set of implicit CSI is basically calculated based on one interference hypothesis. In LTE, UE calculates CSI with no MU interference hypothesis, i.e., SU-MIMO assumption. If TP wants to conduct MU-MIMO, a translation of CSI from the CSI measured by SU-MIMO assumption is needed, which can be inaccurate as the number of paired UEs increases. On the other hand, TP can estimate channel quality according to different MU interference hypothesis by utilizing pure MIMO channel in case of explicit feedback. 
Exact performance comparison of the two approaches still needs to continue in NR under the fair conditions including feedback overhead. As an initial view, explicit feedback approaches in general requires much larger feedback overhead to support massive number of TRP/UE antennas so it seems to be not profitable. Implicit feedback can control the feedback overhead by dividing long-term and short-term feedback. Regarding MU-MIMO performance, complementary techniques such as MU-CSI can be considered for implicit feedback. 
Proposal 1: Implicit feedback can be considered as a baseline for NR-MIMO.

Different frequency granularity for CSI measurement and reporting can be considered. Wideband and subband reporting is employed in LTE for frequency granularity for channel measurement. Wideband reporting provides an overall CSI for defined system band with relatively low feedback payload and CSI calculation complexity. Subband reporting provides the CSI for each/selected subband defined within the system band to support efficient frequency resource scheduling and precoding by capturing the frequency selective nature of wireless channel. Therefore it provides more accurate CSIs, in exchange of larger feedback payload and relatively high feedback calculation complexity. Since these schemes are well defined and utilized in LTE, it can be a starting point for reference frequency granularity for CSI reporting.
For NR, different services (e.g. eMBB, URLLC, mMTC) can be provided in different partial bands within one carrier. Partial band can be defined as a group of subbands where subband precoding is still supported within a partial band. Each partial band may use resource structure with different numerology and different interference conditions, therefore partial-band-wise CSI reporting, and possibly the CSI-RS as well, would be useful for TP to decide precoder and MCS for the intended service. Accordingly, CSI reporting for both entire partial band and subband within a partial band can be considered in NR.
Proposal 2: Consider partial band CSI reporting in addition to wideband and subband CSI reporting.

Since NR considers aperiodic, periodic, and semi-persistent CSI reporting, we should consider aperiodic and semi-persistent CSI-RS transmission in addition to periodic CSI-RS transmission, which was used in LTE. Aperiodic and semi-persistent CSI-RS transmission seems adequate to design principle of NR, “avoid always-on signals”. Especially, aperiodic CSI-RS transmission gives highest flexibility for the system design. For example, aperiodic CSI-RS transmission can give more freedom to support more dynamically changed TDD operations by removal of any periodicity of DL CSI-RS. If CSI estimation accuracy is insufficient to reflect long-term channel characteristics, complementary methods such as use of QCL with other RS and triggering aperiodic CSI-RS multiple times can be used within the aperiodic CSI-RS based CSI acquisition framework.
In order to support regular CSI reporting for channel tracking, there can be different approaches as follows:
Alt1. Semi-persistent CSI reporting based on aperiodic CSI-RS (multiple triggering based)
Alt2. Semi-persistent CSI reporting based on semi-persistent CSI-RS (activation/deactivation based)
Alt3. Semi-persistent CSI reporting based on periodic CSI-RS
Alt4. Periodic CSI reporting based on periodic CSI-RS
As we proposed above, we should avoid periodic CSI-RS in NR so that Alt3 and Alt4 should be deprioritized. Comparing Alt1 and Alt2, main benefit of Alt2 is the downlink control signalling overhead. Benefit of Alt1 can be no use of semi-persistently/periodically assigned physical uplink channel analogous to PUCCH in LTE for CSI reporting.
Proposal 3: Aperiodic CSI reporting based on aperiodic CSI-RS should be a baseline CSI acquisition mechanism for NR-MIMO. 
Observation 1: Semi-persistent CSI report can be supported based on both activation/deactivation based CSI-RS (i.e. semi-persistent CSI-RS) and triggering based CSI-RS (i.e. aperiodic CSI-RS).

3. CSI timing relationship
For CSI acquisition, we can consider the following four events that may occur different timings. 
1. CSI-RS indication  (e.g. CSI-RS triggering/activation/deactivation)
2. CSI-RS transmission
3. CSI feedback indication (e.g. CSI report triggering/activation/deactivation)
4. CSI reporting
If we consider aperiodic/semi-persistent CSI-RS and CSI reporting, the timings of event 1 and 3 are determined by the timing when the downlink control information is transferred on the physical layer downlink channel analogous to (e)PDCCH in LTE. The timing of event 4 is determined by the timing when the uplink control information is transferred on the physical layer uplink channel analogous to PUCCH or PUSCH in LTE. 
In this section we discuss the timing relationship among the four events above. 

Relationship between event 1(CSI-RS indication) and event 2(CSI-RS transmission)
In order to minimize delay, it would be desirable that CSI-RS indication and CSI-RS transmission at the same subframe. However, we have to consider the symbol locations of physical downlink control channel and CSI-RS. If physical downlink control channel ends at the very last symbol as ePDCCH in LTE, it would not be feasible to achieve the time gap to be zero subframe. Another consideration point can be restriction from analog beamforming for control channel and CSI-RS. If CSI-RS cannot be transmitted within the same subframe with downlink control channel triggering CSI-RS, delay from CSI-RS indication to actual CSI-RS transmission could be relatively large to use the same analog beamforming. 
Proposal 4: Delay from CSI-RS triggering/activation to CSI-RS transmission can be deterministic or configurable.
- Deterministic delay can be zero or one depending on symbol location of control channel and CSI-RS.
- Configurable delay can be dependent on analog beamforming capability.

Relationship between event 1(CSI-RS indication) and event 3(CSI feedback indication)
In case of aperiodic CSI reporting based on aperiodic CSI-RS, it would be beneficial to indicate CSI-RS transmission and CSI feedback at the same time for compact control signalling and channel aging minimization. On the other hand, it would be desirable to decouple CSI-RS related process and CSI reporting related process to support various combinations of CSI-RS and CSI reporting. For example, aperiodic CSI reporting can be triggered long time after the activation of CSI-RS in case of aperiodic CSI reporting based on semi-persistent CSI-RS. Even if these indication messages are decoupled, it could still possible to support indicating both at the same time by transmitting multiple DCIs.
Proposal 5: Consider decoupling of CSI-RS indication and CSI feedback indication.

Relationship between event 2(CSI-RS transmission) and event 4(CSI reporting)
In typical modem implementations, MIMO receiver processing and CSI computation can take a large portion of computation resource and require certain amount of processing delay. To determine time gap between CSI-RS measurement and CSI reporting, parameters that affect CSI processing time has to be considered. Following aspects could impact on CSI computation delay.
· Frequency granularity of CSI: In general, subband CSI calculation takes longer time than wideband CSI due to the necessity of subband-wise CSI computation.
· Type of CSI: In general, implicit CSI may take longer time than explicit CSI because it needs to search CSI with all possible rank and precoder hypothesises. 
· Number of CSI-RS ports and the size of codebook
· H/W processing capability
· Location of CSI-RS symbol(s)
Other than above, number of simultaneous CSI processes for CoMP or CA may have impact on CSI computation delay. 
In a lightweight CSI computation conditions, it would be desirable to support very small time gap between the two events (e.g. within one subframe). On the other hand, a sufficient time gap for CSI computation should be guaranteed for heavy CSI computation conditions. This required time delay can be absolute value so that the required subframe offsets may be different according to different numerologies. Accordingly, the various time gap should be considered.  
Proposal 6: Various guaranteed gap from CSI-RS transmission to CSI reporting should be considered. 

Relationship between event 3(CSI feedback indication) and event 4(CSI reporting)
From observations above, CSI reporting may not be able to be performed within the same subframe where CSI feedback is triggered depending on various conditions for DL-UL mixed subframe structure in NR. The possibility has dependency on required CSI computation delay described above. In addition, it has dependency on when CSI-RS is transmitted and measured. It could be supportable if CSI-RS was received relatively long time before CSI feedback triggering message is received even for heavy CSI computation cases. On the other hand, if CSI indication and CSI feedback indication are received at the same time, the different CSI reporting timings would be needed depending on CSI computation overhead. 
Proposal 7: Support different subframe offsets between CSI feedback triggering and CSI reporting for aperiodic CSI reporting. 

The subframe offsets can be determined implicitly or explicitly. In LTE, the offset was implicitly configured to UE, for example by the number of CSI processes. In NR, implicit indication of the offset value can still be considered with different properties (e.g. type of CSI, number of CSI processes, size of codebook, etc.). For example, codebook-based implicit feedback requires relatively large processing time to obtain best PMI/RI/CQI by searching every possible precoding matrix in codebook. Meanwhile, certain types of explicit feedback or port selection feedback may have less processing time because they may require only per-antenna-port based calculations. If we combine different feedback types, total aggregated CSI reporting delay can be controlled within certain coherence time based on above property. Therefore feedback timing can be different according to the requested feedback types. Explicit timing indication can indicate flexible timing to UEs. This approach can adapt to possible timing that are determined by various environment. For example, processing power for CSI may be vary resulting in different minimum and maximum CSI processing delay. To compensate the loss of flexibility from implicit timing indication and large signalling overhead from explicit timing indication, timing range that can be signalled by explicit timing indications can be defined by implicitly. In order to guarantee minimum guaranteed CSI computation delay in different conditions, purely explicit signalling that includes zero subframe offset should be avoided for UE implementation complexity.
Proposal 8: For aperiodic CSI reporting, subframe offset between CSI feedback triggering and CSI reporting can be configured implicitly or explicitly. In case of explicit indication, certain restriction is needed to avoid configuration of excessively small offset for CSI computation.

4. Conclusion
[bookmark: _GoBack]This contribution discussed views on CSI acquisition including CSI-RS and CSI reporting relationship for NR-MIMO. Following observations and proposals are given, based on the discussion:
Observation 1: Semi-persistent CSI report can be supported based on both activation/deactivation based CSI-RS (i.e. semi-persistent CSI-RS) and triggering based CSI-RS (i.e. aperiodic CSI-RS).

Proposal 1: Implicit feedback can be considered as a baseline for NR-MIMO.
Proposal 2: Consider partial band CSI reporting in addition to wideband and subband CSI reporting.
Proposal 3: Aperiodic CSI reporting based on aperiodic CSI-RS should be a baseline CSI acquisition mechanism for NR-MIMO. 
Proposal 4: Delay from CSI-RS triggering/activation to CSI-RS transmission can be deterministic or configurable.
- Deterministic delay can be zero or one depending on symbol location of control channel and CSI-RS.
- Configurable delay can be dependent on analog beamforming capability.
Proposal 5: Consider decoupling of CSI-RS indication and CSI feedback indication.
Proposal 6: Various guaranteed gap from CSI-RS transmission to CSI reporting should be considered. 
Proposal 7: Support different subframe offsets between CSI feedback triggering and CSI reporting for aperiodic CSI reporting. 
Proposal 8: For aperiodic CSI reporting, subframe offset between CSI feedback triggering and CSI reporting can be configured implicitly or explicitly. In case of explicit indication, certain restriction is needed to avoid configuration of excessively small offset for CSI computation.
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