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Introduction
In this contribution, we discuss several remaining issues on CSI measurement.
Remaining issues on CSI measurement
In RAN1 AH 1801, it was agreed that	
Agreement: 
CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources.
Note that the above agreement has no additional specification impact

Contribution [1] mentioned that for each CSI-IM resource, there should be a corresponding ZP CSI-RS resource for rate matching to measure the interference accurately. However, in our opinion, it is not mandatory to use ZP CSI-RS resource to cover each CSI-IM resource for rate matching. If PDSCH is scheduled in the same slot as CSI-IM and ZP CSI-RS resource is not configured, PDSCH will overlap with CSI-IM REs. Interference measurement is still feasible by substracting the remodulated data from these overlapped REs. Then it is not necessary to associate each CSI-IM resource with a ZP CSI-RS resource and trigger/activate them simultaneously. On the other hand, there are use cases where gNB intends to configure ZP CSI-RS to cover the combination of CSI-IM locations and other UEs’ NZP CSI-RS locations for rate matching. Since DL-related DCI could indicate one ZP CSI-RS resource set, which includes up to 16 resources, flexible rate matching could be achieved. Therefore, in such use cases, it is not necessary to differentiate the indication of the ZP CSI-RS used for rate matching around CSI-IM REs and the ZP CSI-RS used for rate matching around other UE’s NZP CSI-RS REs. A single DL-related DCI indication is adequate. From this point of view, CSI-IM resource and ZP CSI-RS resource are preferred to be triggered/activated separately. 

Proposal 1: Keep the current specification where CSI-IM resource and ZP CSI-RS resource are always to be triggered/activated separately.

In the current specification, when activating/deactivating SP CSI report on PUCCH based on SP CSI-RS/CSI-IM, two MAC CE messages have to be transmitted, i.e. one MAC CE for SP CSI report, another MAC CE for SP CSI-RS and SP CSI-IM. For such use case, it may seem possible to activate/deactivate SP CSI report and SP CSI-RS jointly with a single MAC CE message considering signaling overhead. On the other hand, SP CSI-RS/CSI-IM could also be used to derive A-CSI/SP CSI on PUSCH, where A-CSI/SP CSI is triggered by DCI and SP CSI-RS/CSI-IM are activated by MAC CE, respectively. Therefore, joint triggering/activation is not applicable for this case. We prefer a uniform scheme for both SP CSI and A-CSI, where CSI activation/deactivation should be decoupled from CSI-RS/CSI-IM. Namely, SP CSI-RS/CSI-IM is activated/deactivated separately from SP CSI report.

Proposal 2: Keep the current specification where SP CSI-RS/CSI-IM is activated/deactivated separately from SP CSI report.

In the current specification, CMR and IMR belong to different resource settings. Periodicity and slot offset for P/SP CMR and IMR are independently configured. In [2], it is proposed that CMR and corresponding IMR should be configured in the same slot. Although such restriction would acquire accurate CSI in that slot, due to the feedback delay, the benefit to the system performance is not quite clear. In addition, such requirement limits the flexible CSI-RS/CSI-IM configurations at the network side. Thus, we prefer that slot offset for P/SP CMR and IMR are independently configured. 

Proposal 3: Keep the current specification where Slot offset for P/SP CMR and IMR are independently configured.

It was agreed that for A-CSI reporting based on P/SP CSI-RS, the CSI-RS used to derive the AP CSI should be no later than the reference resource. Further in RAN1#92, the following agreements have been achieved
Agreement:
· Time offset of the CSI reference resource is derived from Z’ for a given CSI latency and numerology as follows:
· 
nCQI_ref is the smallest value greater than or equal to , such that slot n- nCQI_ref corresponds to a valid downlink slot.
· This is applied for at least for aperiodic CSI reporting
· FFS criterion for P / SP reporting
· This is applied when AP/P/SP CSI-RS is used for CSI calculation.
· When P/SP CSI-RS / CSI-IM is used for channel/interference measurement, UE is not expected to measure channel/interference on the CSI-RS / CSI-IM whose last OFDM symbol is received 0 to Z’ symbols before transmission time of first OFDM symbol of AP CSI reporting.
· Note: This is not the only condition, the CSI-RS shall also be on or before the CSI reference resource, this also includes the AP CSI-RS case
· FFS if this criterion is needed for P / SP reporting
· FFS: When P/SP CSI-RS is used for channel/interference measurement in case of AP CSI reporting, UE does not expect that the latest CSIRS no later than CSI reference resource is received before triggering PDCCH.


[bookmark: _GoBack]If causal P/SP CSI-RS is supported (i.e. the latest CSI-RS no later than CSI reference resource should be received after triggering PDCCH), given a report timing offset, there will be less opportunity to trigger A-CSI within a period. For example, assume , the report timing offset Y=4, the periodicity of CSI-RS/CSI-IM is 10, and the slot offset between CSI-RS/CSI-IM is 2. As illustrated in Figure 1, A-CSI could be triggered only once per period, e.g. slot n+11 in the second period in Figure 1, to meet all the three conditions, i.e. causal P/SP CSI-RS, CSI reference resource (slot n+14 in Figure 1) and . Thus, the triggering flexibility of gNB is greatly limited in this case. On the contrary, if non-causal P/SP CSI-RS is supported, gNB implementation flexibility is guaranteed. UE may need to prepare channel and interference measurement in advance. We believe this is the correct intended use case of P/SP CSI-RS for A-CSI feedback (e.g. the CSI is continuously updated at the UE and sent after being triggered) and there is nothing wrong with it. Considering the original target of A-CSI reporting, gNB would acquire the CSI whenever it desires. From this point of view, gNB flexibility seems more important. Therefore, non-causal P/SP CSI-RS is preferred to derive A-CSI.
[image: ]
Figure 1: A-CSI report triggering based on P/SP CSI-RS/CSI-IM

Proposal 4: When P/SP CSI-RS is used for channel/interference measurement in case of A-CSI reporting, the latest CSI-RS no later than CSI reference resource can be before trigging PDCCH.

Conclusions
In this contribution, we discussed the remaining issues on CSI measurement. We propose that:

Proposal 1: Keep the current specification where CSI-IM resource and ZP CSI-RS resource are always to be triggered/activated separately.
Proposal 2: Keep the current specification where SP CSI-RS/CSI-IM is activated/deactivated separately from SP CSI report.
Proposal 3: Keep the current specification where Slot offset for P/SP CMR and IMR are independently configured.
Proposal 4: When P/SP CSI-RS is used for channel/interference measurement in case of A-CSI reporting, the latest CSI-RS no later than CSI reference resource can be before trigging PDCCH.
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