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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN1 #93 meeting is the last RAN1 meeting before R16 starts. In this contribution, we discuss several important remaining issues that need to be resolved for this meeting. 
2. Discussion on Remaining Issues
2.1. [bookmark: _Hlk497821946][bookmark: _Hlk497822531]Confliction between indicated Number-CQI and reported RI
The number of CQIs can be configured via RRC signalling Number-CQI. When the UE is configured with the higher layer configured parameter Number-CQI set to ‘1’, a single CQI is reported for one codeword per CSI report. When the UE is configured with the higher layer configured parameter Number-CQI set to ‘2’, one CQI for each codeword is reported per CSI report. On the other hand, it was captured in [2] “For Type I CSI feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword. Part 2 contains PMI and contains the CQI for the second codeword when RI>4”. And Table 7.3.1.3-1 in [3] defines codeword-to-layer mapping for spatial multiplexing for each RI. Even though it was mentioned that the functionality of Number-CQI is duplicated with RI restriction, the proposal of removal of Number-CQI was not agreed.
There may be some conflicts on the number of CQIs to be reported between the configured parameter Number-CQI and reported RI. Since it is configured by the higher layer, Number-CQI should be decisive. Then there may be several alternatives:
· When the UE is configured with the higher layer configured parameter Number-CQI set to ‘1’
· Alt 1: RI is restricted with no more than 4 regardless of RI restriction configuration, and a single CQI is reported for one codeword per CSI. 
· Alt 2: RI is reported according to RI restriction (if configured) and all of the layers are mapped to a single codeword and a single CQI is reported for the single codeword per CSI.
· Alt 3: RI is reported according to RI restriction (if configured) and only a single CQI for the first codeword is reported per CSI. 
· When the UE is configured with the higher layer configured parameter Number-CQI set to ‘2’
· The number of CQIs to report depends on reported RI.
Alt 2 requires additional definition of codeword-to-layer mapping which needs more standardization efforts. If Alt 3 is adopted, there could be the case that the indicated LI is not among the layers for the reported CQI if LI is configured to report. We prefer Alt 1 which has no signaling impacts and reasonable reports.
Proposal 1:
· When the UE is configured with the higher layer configured parameter Number-CQI set to ‘1’
· RI is restricted with no more than 4 regardless of RI restriction configuration, and a single CQI is reported for one codeword per CSI. 
· When the UE is configured with the higher layer configured parameter Number-CQI set to ‘2’
· The number of CQIs to report depends on reported RI.

2.2. P/SP-CSI report when UL BWP switches
In RAN1 NR_AH1801, it was agreed that a PUCCH resource for each candidate UL BWP is configured for each PUCCH-based CSI report. This intends to provide continuous UL PUCCH resources when UL BWP switches. When UL BWP switch happens, for SP-CSI report on PUSCH in the new active BWP, the same mechanism can also be applied to guarantee the UL PUSCH resource continuity. After UL BWP switch, if a UE stops PUSCH-based SP-CSI reporting following SPS behaviour, different UE behaviour would occur for PUCCH-based SP-CSI reporting and PUSCH-based SP-CSI reporting. 
Currently, it has been agreed that the network could indicate resource allocation in another BWP in current BWP. 
Agreements:
Confirm the following working assumption with updates:
· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· Zero-pad too small bitfields to match the new BWP
· Truncate too large bitfields to match the new BWP
· The truncation is done from MSB (including the bit indicating the resource allocation type)
· Zero-padding is done for MSB
The same mechanism could be applied to trigger PUCSH base SP-CSI report on another BWP.
Proposal 2: Support triggering PUSCH-based SP-CSI report in another BWP
· Reuse the same DCI indication mechanism as that for PUCSH resource allocation in another BWP

2.3. Semi-persistent resource after BWP switch and carrier deactivation
It has not been clarified what UE would assume for MAC-CE triggered semi-persistent resource after BWP switch and carrier activation/deactivation. Those resources include at least the following:
· Semi-persistent CSI-RS/CSI-IM resource
· Semi-persistent CSI reporting on PUCCH
· Semi-persistent SRS
· semi-persistent ZP CSI-RS resource set
In MIMO discussion, we generally had the principle that RRC/MAC CE/DCI has different priorities. For example, RRC could define pools for MAC CE and DCI to select. MAC CE and DCI could not change the pool. But RRC could always change the pool no matter whether MAC CE/DCI activates the corresponding state or not. We could follow the same principle here. BWP switch is DCI based and thus should have lower priority than above semi-persistent resources and reports. For carrier deactivation, we think it is beneficial that UE could release some of the maintenance memory if above resources are assumed to be deactivated.
The previously agreed SP-PUCCH report just followed above principle.
Agreement
· When DL BWP is switched, PUCCH-based SP-CSI report setting in activated state stays in its activated state. SP-CSI reporting is simply suspended until the DL BWP is switched back, whereon it resumes

[bookmark: _Hlk513713393]Proposal 3: When DL BWP switched, the following resources defined in the BWP in activated state stays in its activated state and is suspended until the DL BWP is switched back.
· Semi-persistent CSI-RS/CSI-IM resource
· semi-persistent ZP CSI-RS resource set
Proposal 4: When UL BWP switched, the following resources defined in the BWP in activated state stays in its activated state and is suspended until the DL BWP is switched back.
· Semi-persistent SRS

Proposal 5: When a carrier is deactivated, the following resources configured in the carrier in activated state would also be deactivated.
· Semi-persistent CSI-RS/CSI-IM resource
· Semi-persistent CSI reporting on PUCCH
· Semi-persistent SRS
· semi-persistent ZP CSI-RS resource set
2.4. CSI processing unit assignment for Type B CSI processing capability when the report is deactivated or suspended
It was agreed in previous meeting that for type B CSI processing capability, a periodic or aperiodic CSI reporting setting associated with P/SP CSI-RS is assigned one (or Ks) CSI processing unit and always occupy them. It should be clarified when BWP is switched and carrier is deactivated, the CSI processing unit is released by the UE. 
[bookmark: _Hlk513713383]Proposal 6: For P/SP/AP CSI reporting associated with P/SP CSI-RS for Type B CSI processing capability, the CSI processing unit assigned for the reporting is released if the reporting is deactivated or suspended due to cell de-activation or BWP switch.

2.5. Slot offset indication for CSI-only A-CSI reporting
In [7], the agreement on slot offset of CSI-only PUSCH was achieved and it was captured in [2] as follows:






When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report by a CSI request field on a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of a higher layer configured table pusch-symbolAllocation, where the indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and K2 is determined based on the corresponding list entries  of the higher layer parameter reportSlotOffset for the  triggered CSI Reporting Settings. The ith codepoint of K2 s determined as  where  is the ith codepoint of .

From the above description, for a CSI-only PUSCH, the SLIV and mapping type of the PUSCH can be inferred from the corresponding configuration in a row of pusch-symbolAllocation, and the row index is indicated by the Time-domain PUSCH resources field of the A-CSI triggering DCI. But the slot offset information in the row of pusch-symbolAllocation which indicates the slot offset K2 for PUSCH is invalid, and it should be determined based on the corresponding list of reportSlotOffset of the Nrep triggered CSI Reporting Settings. An example was given as follows:
In CSI Reporting Setting 1, candidate slot offsets configured in reportSlotOffset are Y1 = {1, 2, 3, 6}, while in CSI Reporting Setting 2, candidate slot offsets configured in reportSlotOffset are Y2 = {2, 3, 4, 5}. Then Y becomes {2, 3, 4, 6}.
The A-CSI triggering DCI should indicate the selected slot offset index i for the A-CSI-only PUSCH. However, it is unclear how to indicate the index i in current DCI format 0_1. As the slot offset information K2 in the higher layer configured table pusch-symbolAllocation is not the index but slot offset value, it is hard to change the meaning of the information. We propose the following way to indicate the slot offset index i:
Proposal 7:
· For slot offset indication for CSI-only A CSI reporting, clarify in 38.214 with the following:
------------------------------Start Text Proposal---------------------------------





When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report by a CSI request field on a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of a higher layer configured table pusch-symbolAllocation, where the indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and K2 is determined based on the corresponding list entries  of the higher layer parameter reportSlotOffset for the  triggered CSI Reporting Settings. The ith codepoint of K2 sis determined as  where  is the ith codepoint of . The value of i is the bits value in the Time-domain PUSCH resources field.
------------------------------End Text Proposal---------------------------------
2.6. CSI report in DRX mode
For A-CSI reporting, it should follow the UL PUSCH scheduling behaviour that the UE restarts the drx-InactivityTimer to guarantee the A-CSI can be reported in the Active Time according to [8]. In [9], UE behaviour on PUCCH for DRX has been agreed:
· When UE is not in Active Time, no PUCCH transmission is performed except for SR (CSI on PUCCH shall not be reported).
The above agreement affects P-CSI reporting and PUCCH-based SP-CSI reporting when the UE is not in Active Time. For PUSCH-based SP-CSI reporting, if we follow the UL SPS behaviour in DRX, PUSCH-based SP-CSI shall be reported in the non-Active Time. Thus, a behaviour difference occurs for PUCCH-based SP-CSI reporting and PUSCH-based SP-CSI reporting. In order to unify the SP-CSI reporting behaviour in DRX mode operation, we propose 
Proposal 8:
· In DRX mode operation, PUSCH-based SP-CSI is not reported when UE is not in Active Time. 
Furthermore, we can restrict CSI measurement only in Active Time to save UE power.
Proposal 9:
· For a UE in DRX mode operation, the most recent occasion of periodic CSI-IM and/or periodic NZP CSI-RS for interference measurement and channel measurements for computing CSI should be in Active Time defined in [TS 38.312].

2.7. More colliding cases for PUCCH-based CSI reporting
Current rules dealing with PUCCH-based CSI report collision including the following two cases:
Case 1: If no multi-CSI PUCCH is configured, apply the dropping rule if two PUCCH-based CSI reports are collided.
Case 2: If multi-CSI PUCCH(s) is configured, determine the appropriate multi-CSI PUCCH and transmit the collided PUCCH-based CSI reports and apply dropping rules.
For Case 1, some examples of multiple colliding PUCCH-based CSI reports are shown in Figure 2. For Case 2, a selected multi-CSI PUCCH may again collide with another CSI report on PUCCH as shown in Figure 3.


Figure 2: Examples of Case 1


Figure 3: Examples of Case 2

The CSI dropping procedure of various possibilities should be clarified to avoid ambiguity in gNB and UE understanding. We have the following proposals:
Proposal 10:
· If no multi-CSI PUCCH is configured, apply dropping rule on multiple PUCCH-based CSI reports successively according to the timing sequence of the first symbol of each CSI report on PUCCH:
· If a CSI report collides with the next CSI report, apply CSI dropping rule, and one of the CSI report is dropped and the other one  temporarily survives
· Otherwise, both CSI reports temporarily survive
· If multiple PUCCH resources carrying CSI report have the same start OFDM symbol, the one with higher priority temporarily survives
· After going through all CSI reports, the temporarily survival CSI reports are reported.
· If J≥1 multi-CSI PUCCH resources are configured,
· First multiplex the colliding CSI reports on an appropriate multi-CSI PUCCH resource and applying associated dropping rules
· If the multi-CSI PUCCH collides with another PUCCH-based CSI report,the PUCCH-based CSI report and all of the colliding CSI reports should be multiplexed on an appropriate multi-CSI PUCCH which may differ from the previous determined multi-CSI PUCCH;
· Otherwise, the CSI reports on the multi-CSI PUCCH and the PUCCH-based CSI report will be reported separately.

3. Conclusion
We discuss some remaining details of the CSI reporting and propose:
Proposal 1:
· When the UE is configured with the higher layer configured parameter Number-CQI set to ‘1’
· RI is restricted with no more than 4 regardless of RI restriction configuration, and a single CQI is reported for one codeword per CSI. 
· When the UE is configured with the higher layer configured parameter Number-CQI set to ‘2’
· The number of CQIs to report depends on reported RI.
Proposal 2: Support triggering PUSCH-based SP-CSI report in another BWP
· Reuse the same DCI indication mechanism as that for PUCSH resource allocation in another BWP
Proposal 3: When DL BWP switched, the following resources defined in the BWP in activated state stays in its activated state and is suspended until the DL BWP is switched back.
· Semi-persistent CSI-RS/CSI-IM resource
· semi-persistent ZP CSI-RS resource set
Proposal 4: When UL BWP switched, the following resources defined in the BWP in activated state stays in its activated state and is suspended until the DL BWP is switched back.
· Semi-persistent SRS
Proposal 5: When a carrier is deactivated, the following resources configured in the carrier in activated state would also be deactivated.
· Semi-persistent CSI-RS/CSI-IM resource
· Semi-persistent CSI reporting on PUCCH
· Semi-persistent SRS
· semi-persistent ZP CSI-RS resource set
Proposal 6: For P/SP/AP CSI reporting associated with P/SP CSI-RS for Type B CSI processing capability, the CSI processing unit assigned for the reporting is released if the reporting is deactivated or suspended due to cell de-activation or BWP switch.
Proposal 7:
· For slot offset indication for CSI-only A CSI reporting, clarify in 38.214 with the following:
------------------------------Start Text Proposal---------------------------------





When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report by a CSI request field on a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of a higher layer configured table pusch-symbolAllocation, where the indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and K2 is determined based on the corresponding list entries  of the higher layer parameter reportSlotOffset for the  triggered CSI Reporting Settings. The ith codepoint of K2 sis determined as  where  is the ith codepoint of . The value of i is the bits value in the Time-domain PUSCH resources field.
------------------------------End Text Proposal---------------------------------
Proposal 8:
· In DRX mode operation, PUSCH-based SP-CSI is not reported when UE is not in Active Time. 
Furthermore, we can restrict CSI measurement only in Active Time to save UE power.
Proposal 9:
· For a UE in DRX mode operation, the most recent occasion of periodic CSI-IM and/or periodic NZP CSI-RS for interference measurement and channel measurements for computing CSI should be in Active Time defined in [TS 38.312].
Proposal 10:
· If no multi-CSI PUCCH is configured, apply dropping rule on multiple PUCCH-based CSI reports successively according to the timing sequence of the first symbol of each CSI report on PUCCH:
· If a CSI report collides with the next CSI report, apply CSI dropping rule, and one of the CSI report is dropped and the other one  temporarily survives
· Otherwise, both CSI reports temporarily survive
· If multiple PUCCH resources carrying CSI report have the same start OFDM symbol, the one with higher priority temporarily survives
· After going through all CSI reports, the temporarily survival CSI reports are reported.
· If J≥1 multi-CSI PUCCH resources are configured,
· First multiplex the colliding CSI reports on an appropriate multi-CSI PUCCH resource and applying associated dropping rules
· If the multi-CSI PUCCH collides with another PUCCH-based CSI report,the PUCCH-based CSI report and all of the colliding CSI reports should be multiplexed on an appropriate multi-CSI PUCCH which may differ from the previous determined multi-CSI PUCCH;
· Otherwise, the CSI reports on the multi-CSI PUCCH and the PUCCH-based CSI report will be reported separately.
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