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1. Introduction
During RAN1#86bis and RAN1 #87, following agreements were made regarding CSI measurement and reporting. 
<RAN1#86bis>
Agreements:
· At least for CSI acquisition, NR supports CSI-RS, SRS
· FFS: Use of DL DMRS for CSI measurement

· NR supports aperiodic transmission of CSI-RS

· For CSI-RS transmission, NR supports at least one of following:

· Semi-persistent transmission
· Preconfigured CSI-RS resources can be activated or de-activated

· FFS: Activation/De-activation mechanism

· Periodic transmission

· Periodic CSI-RS can be configured by higher layer

· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS

· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS

· NR supports aperiodic CSI reporting

· NR supports at least one of following:

· Periodic CSI reporting 

· It can be configured by higher layer
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated

· FFS: Activation and de-activation mechanism
· Study periodic/aperiodic/semi-persistent CSI reporting by using CSI-RS
· FFS using other RSs
· FFS on necessary configurations, conditions, situations and use cases
· With regard to relating CSI-RS transmission and CSI reporting, following combinations are supported at least

· Aperiodic CSI reporting with aperiodic CSI-RS 

· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS

· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS

· To support combinations above more flexibly, NR should allow independent control of CSI-RS indication and CSI reporting indication timings.
· ‘indication’ above may refer to triggering, activation, and deactivation depending on type of RS/reporting.

· Further study is needed how to guarantee appropriate time gap between indication of CSI-RS transmission and CSI-RS
· Further study is needed how to guarantee appropriate time gap between CSI-RS and CSI reporting

· Note: This does not preclude joint control of CSI-RS indication and CSI reporting indication.

<RAN1#87>
Agreements:

· NR supports CSI calculation based on one-shot measurement of interference.

· For one-shot interference measurement, study at least one of the following alternatives:

· Alt1. Dynamic indication of aperiodic IMR.

· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.

· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.

· Other alternatives are not precluded

· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic

· Note that the connection of the above alternative(s) with measurement setting is a separate topic

Agreements:

· For NR, support both periodic and semi-persistent CSI reporting:
· For periodic: higher-layer configuration of reporting periodicity and timing offset

· FFS for the case of semi-persistent CSI reporting w.r.t. reporting periodicity and timing offset

· FFS on detailed signaling

Agreements:
· NR supports semi-persistent CSI-RS transmissions
· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically

· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.

· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions
· FFS: Details on signaling mechanisms

In this contribution, we share our view on CSI timings.
2. Timing relations on CSI-RS and CSI reports.

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 reporting 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 RAN1#86bis, it was agreed to allow independent control of event 1(CSI-RS indication) and event 3(CSI reporting indication). In this section we discuss several timing related issues 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 slot. 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 slot. Another consideration point can be restriction from analog beamforming for control channel and CSI-RS. If CSI-RS cannot be transmitted within the same slot 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 1: Delay from CSI-RS triggering/activation to CSI-RS transmission can be deterministic or configurable.

- Deterministic delay can be zero or one slot depending on symbol location of control channel and CSI-RS.
- Configurable delay can be dependent on analog beamforming capability.

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 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 reporting: In general, subband CSI calculation takes longer time than wideband CSI due to the necessity of subband-wise CSI computation.

· Type of CSI contents: 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 slot). 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 slot offsets may be different according to different numerologies. Accordingly, the various time gap should be considered.  

Proposal 2: 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 slot where CSI feedback is triggered depending on various conditions for DL-UL mixed slot 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 3: Support multiple time offsets between CSI reporting indication and CSI reporting for aperiodic CSI reporting. 

The slot 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 included in PMI 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 different per UE category resulting in different minimum and maximum CSI processing delay. To compensate the loss of flexibility from implicit timing indication and large control signalling overhead from explicit timing indication, potential range of timing offset can be implicitly determined but the exact timing can be indicated/configured explicitly. In order to guarantee minimum guaranteed CSI computation delay in different conditions, purely explicit signalling that includes zero slot offset should be avoided for UE implementation complexity.

Proposal 4: For aperiodic CSI reporting, time offset between CSI reporting 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.

3. Time domain characteristic of IMR
In RAN1#87, it was agreed to introduce one-shot measurement of interference for NR and listed three alternatives as follows:
· Alt1. Dynamic indication of aperiodic IMR.

· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.

· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.

The third approach was adopted in LTE FD-MIMO. In NR, however, periodically reserved/transmitted resource should be avoided for higher flexibility in terms of forward compatibility and for supporting flexible TDD operations and various frame structures. In this regard, dynamic indication of IM resource should be supported for NR IM. 
In addition to aperiodic IMR, periodic IMR should be supported at least because periodic CSI reporting and periodic CSI-RS are agreed to be supported. Also, semi-persistent IMR, i.e., dynamic activation and deactivation of IMR, also needs to be supported since we have agreed to support semi-persistent CSI reporting with semi-persistent CSI-RS. Even if aperiodic IMR is introduced in NR, interference measurement restriction for periodic/semi-persistent IMR could be still considerable in terms of reducing DL control signaling for the systems having more stability on traffic/services.
Proposal 5: Support aperiodic, semi-persistent, and periodic IMR in NR.

Proposal 6: Further study is needed whether we need MR ON/OFF mechanism for semi-persistent/periodic IMR. 
4. Conclusion
This contribution discussed CSI measurement framework for NR. Following observations and proposals are given, based on the discussion:
Proposal 1: Delay from CSI-RS triggering/activation to CSI-RS transmission can be deterministic or configurable.

- Deterministic delay can be zero or one slot depending on symbol location of control channel and CSI-RS.
- Configurable delay can be dependent on analog beamforming capability.

Proposal 2: Various guaranteed gap from CSI-RS transmission to CSI reporting should be considered. 

Proposal 3: Support multiple time offsets between CSI reporting indication and CSI reporting for aperiodic CSI reporting. 

Proposal 4: For aperiodic CSI reporting, time offset between CSI reporting 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.

Proposal 5: Support aperiodic, semi-persistent, and periodic IMR in NR.

Proposal 6: Further study is needed whether we need MR ON/OFF mechanism for semi-persistent/periodic IMR. 
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