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Discussion and Decision
1 Introduction
In the RAN1# 89 and also previous RAN1 meeting, the following agreements are made related to CSI timing in NR [1]-[5]. 
Agreements [1]:
· NR 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
Agreements [2]:
· Support following features for NR CSI acquisition

· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· CSI reporting via short duration PUCCH

· FFS on detailed setting in CSI reporting setting

· CSI reporting via long duration PUCCH

· FFS on detailed setting in CSI reporting setting

· PUCCH reporting which is contained in a single slot

· FFS on PUCCH reporting which is contained in multiple slots

Agreements [3]:
· Maximum value of Ks for CSI acquisition is no more than 8
Agreements [4]:
· Semi-persistent CSI reporting is not supported for aperiodic CSI-RS.

· Note: This doesn’t preclude one CSI report carried by multiple UL reporting instances
Agreements [5]:
Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI 

In this contribution, we further consider the remaining issues on CSI timing and signalling mentioned in the above agreements. 
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. In the RAN1 #86bis meeting, independent control of CSI-RS indication and CSI reporting indication timings was agreed. In our previous contribution [6]for the below combination, we have shown our views on the timing, resource allocation and signaling issues. 
· 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
3 CSI-RS timing and signalling
In this section, we further discuss several remaining issues in the CSI acquisition signalling and the control of timing.
Reporting signalling
In semi-persistent CSI reporting, we should focus more on the reliability of activation/deactivation to avoid the issues such as the collision of uplink transmission between UEs. The current agreement states that “Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI”. We believe that it is more preferred to use MAC CE to activate and deactivate the semi-persistent reporting. Another issue is the signalling of activation/deactivation information such as periodicity and timing offset. Our view is that such information usually does not change fast and we don’t see the strong necessity of allowing dynamic signalling for them. Therefore, the periodicity can be configured via RRC signalling whereas timing offset can be fixed or RRC configured. The related configuration(s) can be included associated with the links in measurement setting for reducing the number of CSI-RS resource settings.
Proposal 1: The semi-persistent CSI reporting should be activated and deactivated by MAC CE.
Proposal 2: For semi-persistent CSI reporting, the reporting periodicity should be additionally included in the configuration information via RRC signalling whereas the timing offset can be fixed or also included in the configuration information via RRC signalling if necessary.
For aperiodic CSI reporting, it is agreed to use DCI to trigger the reporting and the remaining issue lies in whether additional signaling with MAC CE is supported or not. If MAC CE is considered, we should consider whether two-stage control signalling with MAC CE and DCI is beneficial for aperiodic CSI reporting. 

In LTE R14, the definition of two-stage signaling in aperiodic CSI-RS triggering where DCI and MAC CE signaling has been made. For CSI-RS transmission, multiple CSI-RS resources could be configured, and then eNB will select one for the final delivery. In case the number of candidate CSI-RS resources in the resource pool is large, MAC CE signaling is considered to reduce the set of candidate CSI-RS resources to a smaller one, and then control the DCI indication with limited bits. For CSI reporting, in LTE, aperiodic CSI report is scheduled on PUSCH. The report timing and resources are clear, therefore MAC CE seems not necessary to reduce the candidate set. For NR, there are plenty of candidate CSI-RS resource, and it is agreed that some features including frequency domain and time domain subset restriction should be supported [1]. MAC CE can be well used to realize this purpose in order to limit the DCI size. Based on those conditions, we think that MAC CE should be supported to aperiodic CSI report. 
It was agreed in last meeting that for aperiodic CSI report, NR support both CSI reports multiplex with uplink data in PUSCH and CSI reports only in PUSCH (no uplink data). It means that aperiodic CSI report can be supported by more flexible PUSCH transmission. And FFS the aperiodic CSI report on PUCCH. In another agreement [2], it agreed that CSI report can via short duration PUCCH as well as via long duration PUCCH. To increase the CSI feedback rate, CSI report on NR PUCCH, especial the short duration PUCCH, is a promising solution.NR-PUCCH in each sub-frame may occupy the whole band, it may have enough resources for aperiodic report. 
Moreover, in NR systems, to combat beam failure caused by rotation, movement, and blockage, CSI-RS transmission may be triggered by multiple UEs, to save the CSR-RS overhead, the coordination of CSI-RS requests among multiple UEs is meaningful. Then, supporting CSI report on NR-PUCCH could further provide more flexible timing, rather than depending on scheduled PUSCH as defined in LTE. Therefore, for aperiodic report in NR, besides NR-PUSCH, NR-PUCCH should be supported. If NR-PUCCH is supported, pre-assignment multiple PUCCH resources for a UE’s CSI-RS report is possible. Then MAC CE can be further used to reduce the resource set and save the L1 signalling overhead. Base on the above analyses, we have the following proposal. 

Proposal 3: The two-stage control signalling with MAC CE and DCI should be supported for aperiodic CSI reporting.
Resource activation
In semi-persistent CSI-RS transmission, we should also focus more on the reliability of activation/deactivation to avoid the issues such as waste of frequency/time resources and the incorrect PDCCH rate matching. Therefore, MAC CE is more preferred for the activation/deactivation of semi-persistent CSI-RS transmission. In particular, N out of K RRC-configured NZP/ZP CSI-RS resources or resource sets are activated by using MAC CE. For the relationship of signaling between CSI reporting and CSI-RS transmission, our view is that separate activation of semi-persistent CSI-RS transmission and semi-persistent CSI reporting should lead to better flexibility. In some cases, it is likely that one-shot aperiodic CSI reporting is enough and we don’t need to always perform a semi-persistent reporting. In addition, from the overhead perspective, using separate MAC CE activations can potentially reduce the signaling overhead compared with joint signaling. In the former case, we don’t need to transmit the signaling of reporting activation, which is meaningless, if the signaling of resource activation is not decoded correctly by UE.
Proposal 4: The semi-persistent CSI-RS should be activated and deactivated by MAC CE. Separate activation of semi-persistent CSI-RS and semi-persistent CSI reporting is preferred.
In aperiodic CSI-RS transmission, as we aforementioned, two-stage MAC CE and DCI resource activation and triggering is a useful solution to limit the overhead of DCI signaling. In particular, N out of K RRC-configured NZP/ZP CSI-RS resources or resource sets are activated by using MAC CE. Then one resource (set) is indicated for aperiodic CSI-RS via DCI. The DCI based trigger has small latency, which is aligned with the use case of aperiodic CSI-RS. The importance of reliability issue for one-shot aperiodic CSI-RS is relatively lower. In the two stage resource indication scheme for aperiodic CSI-RS, the MAC CE is an intermediate step towards lowering the DCI overhead. It is a very useful solution when a large number of CSI-RS is handled. However, if the size of RRC-configured CSI-RS resources is not so large, a single DCI indication can also be used, which is the option 2 in the latest agreement. In our views, whether to use option 1: RRC + MAC CE + DCI or option 2: RRC + DCI could depend on the number of CSI-RS resources which is RRC configured. If it exceeds a particular value, then option 1 should be use, otherwise option 2 is preferred.
It is agreed that NR supports mechanism to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously. As described above, we need to consider the relationship between the dynamic signaling between aperiodic CSI-RS transmission and CSI reporting. One straightforward way is to trigger them independently via DCI but within a same time unit, such as in one subframe. However this way may cause higher signaling coding redundancy and blindly decoding complexity of DCI. Therefore, another way is to combine the CSI-RS indication and CSI reporting in to one signaling for joint indication. For clear control, the joint indication should include the CSI-RS resource (set), and CSI reporting resource (set) at least. 
Proposal 5: Depending on the size of RRC configured CSI-RS resource pool, a two-stage MAC CE and DCI resource indication or a single DCI indication could be adopted for aperiodic CSI-RS. Joint signalling of DCI for aperiodic CSI-RS indication and CSI reporting indication should be supported in NR.
CSI timing

In LTE eFD-MIMO, aperiodic CSI-RS is introduced with the same triggering signalling used for aperiodic CSI report, e,g., DCI 0/4 for grant, the timing X is considered to be 0, where X=0 means the triggering signalling and the transmission of aperiodic CSI-RS are located on the same subframe. In the RAN1 NR AH, it was agreed that for aperiodic CSI-RS timing offset X, support X=0 at least, and whether to support other values of X is for further study. For timing X, our views is that the single value of X=0 may ease the UE’s implementation and we do not see strong necessity of allowing other X values. For timing Y, the signaling is addressed above. For the value determination, whether Y is fixed or configurable is for further study. If the short duration PUCCH are supported for aperiodic CSI report, Y=0 should be at least supported in the case. For other cases and further considering the number of CSI measurement/RS/reporting settings, CSI feedback types, number of ports, nearest CSI-RS transmission timing, and UE capability are various for different services/scenarios, a configurable Y within a predefined subset value is more flexible and efficiently. A fixed value of Y could be a special case for configurable values. Therefore, we have the following proposal. 
Proposal 6: In NR, we support timing Y between CSI report indication and CSI report transmission is configurable, and the fixed value of timing Y is a special case of configurable values. 
4 Conclusions
In this contribution, for the remaining issues based on our discussions, the following proposals have been made:
Proposal 1: The semi-persistent CSI reporting should be activated and deactivated by MAC CE.

Proposal 2: For semi-persistent CSI reporting, the reporting periodicity should be additionally included in the configuration information via RRC signalling whereas the timing offset can be fixed or also included in the configuration information via RRC signalling if necessary.
Proposal 3: The two-stage control signalling with MAC CE and DCI should be supported for aperiodic CSI reporting.

Proposal 4: The semi-persistent CSI-RS should be activated and deactivated by MAC CE. Separate activation of semi-persistent CSI-RS and semi-persistent CSI reporting is preferred.
Proposal 5: Depending on the size of RRC configured CSI-RS resource pool, a two-stage MAC CE and DCI resource indication or a single DCI indication could be adopted for aperiodic CSI-RS. Joint signalling of DCI for aperiodic CSI-RS indication and CSI reporting indication should be supported in NR.
Proposal 6: In NR, we support timing Y between CSI report indication and CSI report transmission is configurable, and the fixed value of timing Y is a special case of configurable values. 
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