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Discussion and Decision
1 Introduction
In RAN1 #86 meeting, the following agreements are made for CSI timing in NR. 

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.

In this contribution, for the possible CSI-RS transmission and reporting schemes, the corresponding timing issue will be discussed. 
2 Background 
In NR systems, the difference of CSI-RS transmission from that defined in LTE/LTE-A mainly lies in that the channel measured from CSI-RS is the equivalent channel after analog beamforming of the CSI-RS, which may have happened after the Tx and Rx beam alignment. However, the analog beamforming at the UE side is transparent to the BS, thus the impact of analog beamforming on CSI timing is limited. In NR systems, since new self-contained subframe structure is proposed, and NR-PUCCH is possibly configured on each subframe, thus more flexible CSI transmission and reporting schemes can be supported, and the timing issue should be correspondingly considered with signalling overhead saving. 

3 CSI-RS timing in NR


In this section, for different types of CSI-RS, we mainly discuss the timing, CSI-RS transmission and reporting resource configuration issues.  
3.1 Periodic CSI-RS 

For periodic CSI-RS, as described above, the analog beamforming of CSI-RS based on Tx and Rx beam alignment has limited impact on CSI-RS measurement of equivalent channels, therefore the periodic CSI-RS transmission and reporting mechanism can reuse that definitions done in LTE/LTE-A via higher layer semi-static configuration. If a new self-contained subframe structure is introduced, more timely and flexible timing options can be considered in NR. In addition, the impact of beam shifting on CQI statistic should be further studied, which may suffer from tremendous variation of channel quality.

Proposal 1: For periodic CSI-RS, the timing, resource allocation of CSI-RS and CSI report should be configured via higher layer signalling. The impact of beam shifting on CQI statistic is FFS.
3.2 Aperiodic CSI-RS

Before the introduction of this section, we firstly have the following assumptions:

· Timing between CSI triggering and aperiodic RS transmission X

· Timing between aperiodic RS transmission and CSI reporting Y
In LTE-A FD-MIMO, aperiodic CSI-RS is introduced with the same triggering signalling used for aperiodic CSI report, e.g. DCI 0/4 for UL grant, the timing X is considered to be zero, which means the triggering signalling and the transmission of aperiodic CSI-RS are located on the same subframe. For the report of the aperiodic RS, the timing is implicitly indicated via the UL grant and transmitted on PUSCH. In NR, since self-contained subframe may be supported, NR-PUCCH may be configured on each subframe. Moreover, NR-PUCCH in each subframe may account for maximum the whole band, it possibly has enough resources for aperiodic report. Therefore, for aperiodic report in NR, besides NR-PUSCH, NR-PUCCH may be supported. If NR-PUCCH is supported for aperiodic CSI report, a control field, possibly including the detailed indication of the timing X, timing Y, resources of CSI-RS and report, can be embedded in a DL DCI or a new DCI for triggering. The timing X and timing Y can be delivered to UEs via 1) higher layer semi-static signalling with predefined options; 2) dynamic L1 control signalling. 
For aperiodic CSI-RS triggered via a DL DCI, if on the feedback subframe, NR-PUCCH resource is used, NR-PDSCH or UL SPS are happen to be scheduled, then CSI-RS report on these resources could be supported with lower priority next than that of NR-PUCCH. In addition, if the UL report resource is uncertain, a transmission and reception window could be aware of both eNB and UEs for CSI report feedback to make UE feed the report back ASAP in either NR-PUCCH or NR-PUSCH in the corresponding window.
Proposal 2: Aperiodic CSI-RS report in both NR-PUCCH and NR-PUSCH should be supported in NR.

Proposal 3: Aperiodic CSI-RS feedback in NR-PUSCH could be still triggered via a DCI for UL grant, and aperiodic CSI-RS feedback in PUCCH could be triggered via a DL DCI.
3.3 Semi-persistent CSI-RS 
In this section, we mainly discuss semi-persistent CSI-RS transmissions supported by CSI-RS activation/deactivation mechanism. During the activation period, multiple periodic CSI-RS transmissions and reports are configured. The signalling for this mechanism can be supported by: 1) higher layer semi-static signalling; 2) combinations of higher layer signalling and L1 signalling. The detailed timing and resource allocation configuration of CSI-RS and report could be indicated via higher layer signalling, and L1 signalling is responsible for activation and deactivation command delivery. For determination of the CIS-RS transmission in this mechanism, one method it to send the clear deactivation command; the other one is to predefine the number of periodic RS in the activation command. After sending the predefined number of CSI-RSs and reports and the corresponding feedback, the activation/deactivation transmission mode is finished.
Proposal 4: Activation/deactivation mechanism for CSI-RS should be supported for semi-persistent CSI-RS in NR. The timing and resource configuration of CSI-RS and report could be delivered via 1) higher layer signalling; 2) combinations of higher layer signalling and L1 signalling.
4 Conclusions
In this contribution, for different CSI-RS types, different signalling methods, different timing and resource configuration issues have been discussed. Based on the discussions, the following proposals have been made:
Proposal 1: For periodic CSI-RS, the timing, resource allocation of CSI-RS and CSI report should be configured via higher layer signalling. The impact of beam shifting on CQI statistic is FFS.
Proposal 2: Aperiodic CSI-RS report in both NR-PUCCH and NR-PUSCH should be supported in NR.

Proposal 3: Aperiodic CSI-RS feedback in NR-PUSCH could be still triggered via a DCI for UL grant, and aperiodic CSI-RS feedback in PUCCH could be triggered via a DL DCI.
Proposal 4: Activation/deactivation mechanism for CSI-RS should be supported for semi-persistent CSI-RS in NR. The timing and resource configuration of CSI-RS and report could be delivered via 1) higher layer signalling; 2) combinations of higher layer signalling and L1 signalling.
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