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Discussion and Decision
1 Introduction
In the RAN1#88 and RAN1 NR Ad-Hoc meeting, the following agreements are made related to CSI timing in NR [1] [2]. 
Agreements:

· FFS for aperiodic NZP CSI-RS, semi-persistent CSI reporting is not supported.

· FFS in each semi-persistent or periodic CSI reporting setting, reporting periodicity is additionally included in the configuration information

· FFS other information that can be included (e.g. timing offset, etc.)

· In each semi-persistent or periodic resource setting, periodicity is additionally included in the configuration information 

Agreements:

· Study further activation mechanism (selecting N out of K NZP/ZP CSI-RS resources or resource sets, including joint trigger vs. separate triggers for resources, IMR, and/or reporting setting, reliability/latency associated with the activation, etc.) and the associated details (e.g., impact on DCI signaling, etc.) for aperiodic (AP) and semi-persistent (SP) CSI-RS

Agreements:

· For periodic CSI-RS,

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI

· FFS: Necessity of additional signaling with MAC CE

· For semi-persistent CSI-RS,

· Periodic CSI reporting is not supported.

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission

· Aperiodic CSI reporting is triggered by DCI

· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE

· For aperiodic CSI-RS,

· Periodic [and semi-persistent] CSI reporting is not supported

· Aperiodic CSI reporting is triggered by DCI

· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets

· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting
Agreements:

· NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously.

· FFS: signaling details (e.g. single DCI or separate DCI)

· FFS: method(s) for interference measurement  

· FFS: reference resource of aperiodic CSI reporting

· For aperiodic CSI-RS timing offset X, support X=0 at least, if aperiodic CSI-RS triggering is done by DCI
· FFS: supporting other values of X

· Note: ‘aperiodic CSI-RS timing offset X’ refers to the time gap between aperiodic CSI-RS triggering and aperiodic CSI-RS transmission w.r.t. number of slots.

· For CSI reporting timing offset Y that is fixed or configurable by the network but with certain restriction on lower limit of Y to provide sufficient CSI computation time.

· Candidate values of Y are fixed or pre-determined by certain rule(s).

· Rule is FFS (e.g. number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc.)

· Note: ‘aperiodic CSI reporting timing offset Y’ refers to the time gap between aperiodic CSI reporting triggering and aperiodic CSI reporting w.r.t. number of slots.
· FFS Y is fixed or configurable

· FFS configuration is done by DCI and/or MAC CE and/or higher layer signaling

In this contribution, we further consider the remaining issues on CSI timing and signallings 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 [3] for the below combination, we have shown our views on the timing, resource allocation and signalling 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.
Association of time domain behaviors
As we mentioned, it was agreed in 3GPP that semi-persistent CSI reporting can be associated with both periodic and semi-persistent CSI-RS transmission. A remaining issue is that whether it can also be associated with aperiodic CSI-RS. One relevant scenario for this issue is the CSI reporting under multiple interference hypothesizes, which may be adopted for CoMP and MU-MIMO transmission. Under the agreed CSI framework, a single CSI reporting setting can be linked to several CSI-RS resource settings via measurement setting. One of the resource setting should include NZP CSI-RS for channel measurement. The others are used for interference measurement corresponding to multiple interference hypothesizes, which can be either ZP/NZP CSI-RS, DMRS, etc. The time domain behavior of these resource setting can be aperiodic. In this case, multiple CSI reports corresponding to  multiple hypothesize, should be fed back by UE. Since the resulting CSI payload size could be large, it is natural to use a multi-shot CSI reporting for this case, i.e., to separately report multiple CSI contents, each corresponding to one or a few interference hypothesizes, via different resources of UL feedback channel. The payload size of each CSI content can then match that of the UL feedback channel. For example, if NR-PUCCH is used, the multi-shot CSI can be fed back in different subframes with a specific periodicity and timing offset. However, this does not mean semi-persistent CSI reporting is supported for aperiodic CSI-RS. The multi-shot CSI reporting in this case does not require the activation/deactivation operation. The reporting can be triggered by gNB and terminated by UE itself without additional signaling. The time domain behavior in the reporting setting is still aperiodic. In other words, the aperiodic CSI can be fed back in a multi-shot manner if necessary. The detailed solution for multi-shot CSI reporting depends on the payload sizes of CSI and the PUCCH/PUSCH resources, which is for further studied.
Proposal 1: Semi-persistent CSI-reporting for aperiodic CSI-RS is not supported. The aperiodic CSI can be fed back in a multi-shot manner if necessary.
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 2: The semi-persistent CSI reporting should be activated and deactivated by MAC CE.
Proposal 3: 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. 

We can firstly check the LTE R14’s 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, we think whether MAC CE is needed depends on whether multiple CSI report timing and resources are needed to be configured. In NR, since self-contained subframe may be supported, NR-PUCCH may be configured on each subframe. To increase the CSI feedback rate, CSI report on NR-PUCCH is a promising solution. NR-PUCCH in each subframe 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 4: 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 5: 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.
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 6: A two-stage MAC CE and DCI resource indication should be supported 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. 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 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 7: 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: Semi-persistent CSI-reporting for aperiodic CSI-RS is not supported. The aperiodic CSI can be fed back in a multi-shot manner if necessary.
Proposal 2: The semi-persistent CSI reporting should be activated and deactivated by MAC CE.
Proposal 3: 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 4: The two-stage control signalling with MAC CE and DCI should be supported for aperiodic CSI reporting.

Proposal 5: 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 6: A two-stage MAC CE and DCI resource indication should be supported for aperiodic CSI-RS. Joint signalling of DCI for aperiodic CSI-RS indication and CSI reporting indication should be supported in NR.
Proposal 7: 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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