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Discussion and Decision
1 Introduction
In RAN1 #86bis meeting, the following agreements are made related to CSI timing in NR [1]. 

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.

In this contribution, to support independent control of CSI-RS indication and CSI reporting indication timings, we shows our views on the possible combinations of different CSI-RS and CSI reporting timing manners. 
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 last RAN1 #86bis meeting, independent control of CSI-RS indication and CSI reporting indication timings was agree. 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
3 CSI-RS timing in NR


In our previous contribution [2], we had shown our views on the CSI-RS and CSI report timing on periodic/aperiodic/semi-persistent CSI-RS transmissions. In this section, we further discuss the control of timing and resource allocation jointly or independently for different CSI-RS transmission and reporting combinations.   
3.1 Aperiodic CSI reporting with aperiodic CSI-RS 

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

· Timing between CSI triggering and RS transmission X

· Timing between RS transmission and CSI reporting Y, which should be properly set taking into account such as measurement delay, processing delay, CSI feedback type and so on.
· Timing between CSI report triggering and CSI report Z
· Time point of CSI report indication can be determined flexibly, e.g. 1) predefined, for example fixed timing after CSI transmission or triggering together with CSI indication; 2) dynamically controlled via eNB. 
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 0 or 1, where 0 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 the CSI report is transmitted on PUSCH. In NR, this triggering scheme can be reused for the case of aperiodic CSI reporting with aperiodic CSI-RS, where no CSI report indication is needed and the timing X and the timing Y are jointly decided in an UL grant. 
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, the triggering of CSI-RS transmission via a new DL DCI with the timing X and the resource allocation of CSI-RS should be supported. In this case, the following two ways for the triggering of CSI report should be considered. 

1) Joint control with aperiodic CSI-RS transmission together, i.e. the timing Y and the resource allocation of CSI report are signalled with the DL DCI for triggering of CSI-RS jointly.
2) Separate the control of CSI report from that of CSI-RS. For the signalling of aperiodic CSI report, we have further two options:
Option 1: utilize UL grant to trigger aperiodic CSI report on NR-PUSCH, where the timing N and the resource of CSI report are implicitly indicated via UL scheduling timing of NR-PUSCH. 
Option 2: utilize DL DCI to trigger aperiodic CSI report on NR-PUCCH, where the timing N and the resource of CSI report are explicitly indicated via the DL DCI. 
Proposal 1: For joint control of CSI-RS transmission and report in aperiodic CSI reporting with aperiodic CSI-RS in NR, support the following control manners of CSI/report timing and resource allocation:

· Utilize UL grant to control CSI report on NR-PUSCH.
· Utilize DL DCI to control CSI report on NR-PUCCH. 
Proposal 2: For independent control of CSI-RS transmission and CSI reporting in aperiodic CSI reporting with aperiodic CSI-RS in NR, support the following control manners of CSI/report timing and resource allocation: 

· Aperiodic CSI-RS transmission is controlled via DL DCI.

· Aperiodic CSI reporting is controlled via 1) UL grant to facilitate CSI report on NR-PUSCH; 2) DL DCI to facilitate CSI report on PUCCH. 

3.1.2 Aperiodic CSI reporting with semi-persistent/periodic CSI-RS 
As discussed in our previous contribution [2], the signalling types of semi-persistent/periodic CSI-RS and aperiodic CSI are different. Therefore, for the case of aperiodic CSI reporting with semi-persistent/periodic CSI-RS, we prefer independent control of CSI-RS transmission and CSI reporting. 

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.

For semi-persistent CSI-RS, 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 3: Independent control of CSI-RS transmission and CSI reporting is preferred in aperiodic CSI reporting with semi-persistent/periodic CSI-RS. Support the following control manners of CSI/report timing and resource allocation: 
· Periodic CSI-RS transmission is controlled via higher layer signalling.
· Semi-persistent CSI-RS transmission is controlled via 1) higher layer signalling; 2) combinations of higher layer signalling and L1 signalling.

· Aperiodic CSI reporting is controlled via 1) UL grant to facilitate CSI report on NR-PUSCH; 2) DL DCI to facilitate CSI report on NR-PUCCH.
3.3 Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS 
For semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS, similar control signalling types are configured for timing indication and resource allocation, therefore for this case, both joint and independent control should be supported. In details, we further consider the below subcases:

i) Periodic CSI reporting with periodic CSI-RS 
ii) Periodic CSI reporting with semi-persistent CSI-RS
iii) Semi-persistent CSI reporting with periodic CSI-RS 

iv) Semi-persistent CSI reporting with semi-persistent CSI-RS

Among these four subcases, whether ii) is support should be studied further. Considering that periodic CSI-RSs are transmitted during the active period, periodic CSI reporting seems to be a feasible reporting choice for those periodically transmitted CSI-RSs. If the above four subcases are all supported, independent control of CSI-RS transmission and CSI reporting is more preferred for ii) and iii) due to the triggering of either semi-persistent CSI-RS or semi-persistent CSI report could be more flexibly configured. While for the other two subcases, both joint and independent control are suitable for timing and resource allocation of CSI-RS transmission and reporting.   

Proposal 4: For semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS, we should support
· Both joint and independent control of periodic CSI-RS transmission and periodic CSI report via higher layer signalling.
· Both joint and independent control of semi-persistent CSI-RS transmission and semi-persistent CSI reporting via 1) higher layer signalling; 2) combinations of higher layer signalling and L1 signalling.

· Independent control of CSI-RS transmission and CSI report is more preferred for ii) periodic CSI reporting with semi-persistent CSI-RS and iii) semi-persistent CSI reporting with periodic CSI-RS. 

4 Conclusions
In this contribution, regarding the supported different combinations of CSI-RS transmission and CSI report, different control of timing and resource configuration issues have been discussed. Based on our discussions, the following proposals have been made:
Proposal 1: For joint control of CSI-RS transmission and report in aperiodic CSI reporting with aperiodic CSI-RS in NR, support the following control manners of CSI/report timing and resource allocation:

· Utilize UL grant to control CSI report on NR-PUSCH.
· Utilize DL DCI to control CSI report on NR-PUCCH. 
Proposal 2: For independent control of CSI-RS transmission and CSI reporting in aperiodic CSI reporting with aperiodic CSI-RS in NR, support the following control manners of CSI/report timing and resource allocation: 

· Aperiodic CSI-RS transmission is controlled via DL DCI.

· Aperiodic CSI reporting is controlled via 1) UL grant to facilitate CSI report on NR-PUSCH; 2) DL DCI to facilitate CSI report on PUCCH.
Proposal 3: Independent control of CSI-RS transmission and CSI reporting is preferred in aperiodic CSI reporting with semi-persistent/periodic CSI-RS. Support the following control manners of CSI/report timing and resource allocation： 
· Periodic CSI-RS transmission is controlled via higher layer signalling.
· Semi-persistent CSI-RS transmission is controlled via 1) higher layer signalling; 2) combinations of higher layer signalling and L1 signalling.

· Aperiodic CSI reporting is controlled via 1) UL grant to facilitate CSI report on NR-PUSCH; 2) DL DCI to facilitate CSI report on NR-PUCCH.
Proposal 4: For semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS, we should support
· Both joint and independent control of periodic CSI-RS transmission and periodic CSI report via higher layer signalling.
· Both joint and independent control of semi-persistent CSI-RS transmission and semi-persistent CSI reporting via 1) higher layer signalling; 2) combinations of higher layer signalling and L1 signalling.

· Independent control of CSI-RS transmission and CSI report is more preferred for ii) periodic CSI reporting with semi-persistent CSI-RS and iii) semi-persistent CSI reporting with periodic CSI-RS.  
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