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1. Introduction
In RAN1#91 meeting, following agreements were made [1]:
	Agreements:
· A UE is expected to perform CSI measurement only within its active DL BWP at the time when the measurement occurs
Agreements:
· Semi-static configuration of the set of values of K0, the set of values of K1 and the set of values of K2 for a UE can be BWP-specific
· Note: there is no BWP-specific default value(s) defined for K0/K1/K2 
Agreements:
· For timer-based active DL BWP (DL/UL BWP pair) switching,
· Granularity of the timer: 1 ms (subframe) for sub6, 0.5 ms (half-subframe) for mmWave
· Maximal time length of the timer: approximately 50 ms
Agreements:
· Support HARQ retransmission across DL (UL) BWPs when a UE’s active DL (UL) BWP is switched
Agreements:
· A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum


In this contribution, we continue to discuss remaining issues on bandwidth part operation including bandwidth part operation for fallback/non-fallback DCI, bandwidth part operation on unpaired spectrum, and UE behavior on the reception of BWP indicator. 

2. Discussion
2.1. UE behavior for active bandwidth part switching
2.1.1. HARQ-ACK feedback
DCI scheduling PDSCH can indicate PUCCH resource to be used for the corresponding HARQ-ACK feedback. In this case, the set of PUCCH resources to be indicated will be associated with the UL BWP which is active in the reception time of the corresponding DL assignment. If UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, the PUCCH resource indicated by DL assignment is no longer valid. In that point of view, in the last meeting, it is agreed that “a UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum”. However, this statement needs to be clarified for the case where multiple serving cells are configured while PUCCH will be transmitted on a certain serving cell (e.g. PCell or PSCell or PUCCH-SCell), and the case where HARQ-ACK feedback is piggybacked in PUCCH or PUSCH other than PUCCH resource indicated by the corresponding DL assignment. 
First of all, in case of carrier aggregation, PUCCH resource indicator in DCI scheduling PDSCH will be associated with the serving cell for PUCCH transmission such as PCell, PSCell, or PUCCH-SCell. In other words, even though UE’s active UL BWP in SCell is switched between the reception time of the corresponding DL assignment and the time of HARQ-ACK transmission, if UE’s active UL BWP in PCell or PSCell or PUCCH-SCell is not changed, PUCCH resource indicated by DCI scheduling PDSCH is still valid, and UE can transmit HARQ-ACK feedback on the indicated PUCCH resource. Next, HARQ-ACK feedback can be transmitted on high layer configured PUCCH resource for CSI reporting or positive SR, or PUSCH scheduled by UL grant as well as PUCCH resource indicated by DCI scheduling PDSCH for HARQ-ACK feedback. In this case, the PUCCH resource indicated by DCI scheduling PDSCH will not be used. In those point of view, it is understood that the agreement means that “a UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the corresponding DL assignment if a UE’s active UL BWP in the serving cell where PUCCH is transmitted within the same PUCCH group is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum”. 
Proposal 1: For paired spectrum, 
· PUCCH resource indicated by DL assignment is associated with UE’s active UL BWP in a serving cell where PUCCH is configured for the PUCCH group.
Proposal 2: Modify following agreement 
· “A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum” 
into 
· “A UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the corresponding DL assignment if a UE’s active UL BWP in the serving cell where PUCCH is configured within the same PUCCH group is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum” 

Furthermore, it needs to be clarified that, during the retuning gap for UL BWP switching, UE is not expected to transmit any UL channels on the corresponding serving cell. 
For unpaired spectrum case, when DL BWP is changed by BWP indicator in DCI format 1_1, UL BWP will be changed into UL BWP linked to the indicated DL BWP simultaneously. In this case, the set of PUCCH resources to be indicated will be associated with the UL BWP linked to DL BWP indicated by DCI format 1_1 when . Therefore, UE behavior on the UL BWP switching for HARQ-ACK feedback can follow similar rules for paired spectrum case with exception of the condition on UE’s active UL BWP switching. To be specific, for a single cell case, if a UE’s active UL BWP at the time of HARQ-ACK transmission is not linked to DL BWP indicated by the corresponding DL assignment, a UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the corresponding DL assignment. 
Proposal 3: For unpaired spectrum, 
· PUCCH resource indicated by DL assignment on PCell is associated with UL BWP in PCell which is linked to DL BWP indicated by the corresponding DL assignment on PCell
· PUCCH resource indicated by DL assignment on PSCell is associated with UL BWP in PSCell which is linked to DL BWP indicated by the corresponding DL assignment on PSCell
· PUCCH resource indicated by DL assignment on PUCCH-SCell is associated with UL BWP in PUCCH-SCell which is linked to DL BWP indicated by the corresponding DL assignment on PUCCH-SCell
· PUCCH resource indicated by DL assignment on SCell is associated with UE’s active UL BWP in a serving cell where PUCCH can be transmitted within the same PUCCH group at the reception time the corresponding DL assignment

Proposal 4: For unpaired spectrum, 
· A UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the corresponding DL assignment 
· If a UE’s active UL BWP in the serving cell where PUCCH is transmitted within the same PUCCH group is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, and
· If a UE’s active UL BWP in the serving cell where PUCCH is transmitted within the same PUCCH group at the time of HARQ-ACK transmission is not linked to DL BWP indicated by the corresponding DL assignment
In other words, in terms of DL-UL BWP pair switching, as DL and UL BWP switches simultaneously, a UE is expected to transmit HARQ-ACK on the new UL BWP in PCell/PSCell. 
Furthermore, during the retuning gap for DL/UL BWP switching, UE is not expected to transmit any UL channels on the corresponding serving cell. 

2.1.2. End of DL BWP switching operation
In case of CSI measurement, DL reference resource for a single CSI reporting will be within active DL BWP. Moreover, CSI measurement configuration and reporting configuration are associated with a single DL BWP. In this case, when UE’s active DL BWP is switched, it is expected that the CSI measurement configuration and reporting configuration will be automatically changed. In a similar manner, CORESET and search space for PDDCH monitoring will be changed depending on the active DL BWP. 
Since the active DL BWP will be switched by DL assignment, it is necessary to define when the indicated DL BWP is valid for other processes such as PDCCH monitoring or CSI measurement. Since the processing time for retuning and reconfiguration can be different across difference UEs, and it is expected that the time between PDSCH and the corresponding DL assignment will be large enough to include switching time for baseband processing, for retuning the local oscillator, for reconfiguration the RF chain for more or less bandwidth, for reconfiguring the RF chain for different numerologies, or for a combination of these operations, it can be considered that the DL BWP indicated by DL assignment is active from the reception time of the corresponding PDSCH. In case a UE needs more switching time than the allowed time between scheduling DCI and corresponding PDSCH, a UE can skip monitoring PDCCH and decoding PDSCH during transition time and sends an NACK for the BWP switching PDSCH. In case of unpaired spectrum, a UE can also skip transmission during switching time.
Proposal 5: When UE detects BWP switching in DCI format 1_1, UE assume that the indicated BWP is active from the reception time of the corresponding PDSCH. 
In this case, when UE’s active DL BWP is switched, it is expected that the CSI measurement configuration and reporting configuration will be automatically changed. For instance, if DL assignment in slot n schedules PDSCH in slot n+k on different DL BWP, CSI measurement based on the current DL BWP is performed until slot n+k, and the indicated DL BWP is assumed to be used for CSI measurement from slot n+k. If UE’s active DL BWP is switched between the time of CSI measurement and the time of CSI reporting, it can be seen that the measured CSI is no longer valid, and UE is not expected to transmit CSI reporting. Moreover, if DL assignment in slot n schedules PDSCH in slot n+k on different DL BWP, PDCCH monitoring on the indicated DL BWP will start from slot n+k. 
In addition, a UE switches to the default DL BWP from an active DL BWP when BWP inactivity timer expires. In this case, a UE assume that default DL BWP is active k slots after the timer expires where the value of k can be fixed in a specification. Since it can be seen that K0 in RRC configured time-domain resource allocation is configured considering active DL BWP switching, the value of k can be given by the maximum value among the configured K0 values for the UE. Depending on the expiration time and the value of k, UE can decide when PDCCH monitoring and/or CSI measurement on default BWP start. When UE detects BWP indicator in DCI format 1_1, it seems natural not to switch to another DL BWP including default BWP before the corresponding PDSCH is transmitted on DL BWP indicated by DCI format 1_1. In other words, UE is not expected to switch to the default DL BWP between the reception time of DL assignment indicating DL BWP switching and the reception time of the corresponding PDSCH. 
Proposal 6: UE assume that default DL BWP is active k slots after BWP inactivity timer expires.
Proposal 7: UE is not expected to switch to the default DL BWP between the reception time of DL assignment indicating DL BWP switching and the reception time of the corresponding PDSCH.

2.1.3. UL BWP switching time
Higher layer configured PUCCH for CSI reporting or SR will be associated with a single UL BWP. When UE’s active UL BWP is switched, it is expected that the PUCCH resource and/or configuration will be automatically changed based on the switched UL BWP. In this case, it is necessary to define exact timing of active UL BWP switching as in DL BWP switching time in Section 2.3.2. 
In a similar manner of DL BWP switching time, the processing time for retuning and reconfiguration can be different across difference UEs, and it is expected that the time between PUSCH and the corresponding UL grant will be large enough to include switching time for baseband processing, for retuning the local oscillator, for reconfiguration the RF chain for more or less bandwidth, for reconfiguring the RF chain for different numerologies, or for a combination of these operations. Therefore, it can be considered that the UL BWP indicated by UL grant is active from the transmission time of the corresponding PUSCH. In case a UE needs more switching time than the allowed time between scheduling DCI and corresponding PUSCH, a UE can skip transmission of uplink transmissions during transition time. In case of unpaired spectrum, a UE can also skip downlink reception during switching time.
Proposal 8: When UE detects BWP indicator in DCI format 0_1, UE assume that the indicated BWP is active from the transmission time of the corresponding PUSCH. 
For unpaired spectrum, UE can assume that the timing of active DL BWP switching is the same as that of active UL BWP switching. For instance, if UL grant in slot n indicates UL BWP switching and schedules PUSCH transmission in slot n+k, UE assume that both UL BWP indicated by UL grant and DL BWP linked to the UL BWP are active in slot n+k. Furthermore, when a UE switches to the default DL BWP from an active DL BWP after BWP inactivity timer expires, UE’s active UL BWP is also switched to UL BWP linked to the default DL BWP at the same time. 
Proposal 9: For unpaired spectrum, UE assumes that the timing of active DL BWP switching is the same as the timing of active UL BWP switching. 
2.1.4. BWP Activation via RRC
Depending on the RRC configuration, bandwidth part indicator could not present in a DCI format 1_1 or a DCI format 0_1. In this case, it is expected that BWP switching is performed by RRC signaling. However, unlike dynamic BWP switching via DCI indication, semi-static BWP switching via higher layer signaling needs to define how to handle ambiguity on active BWP between UE and gNB during the RRC reconfiguration period. For simplicity, it can be consider that two different BWP shares the same CORESET and fallback DCI associated with the shared CORESET assumes RB indexing based on the configured size of CORESET. In this case, during the RRC reconfiguration including BWP switching, fallback DCI can be used. However, it is possible only if the current BWP and the new BWP are partially overlapped. Alternatively, it can be considered that the timing (e.g. SFN) where new BWP is applied is configured by higher layer together with BWP to be activated. 
Proposal 10: When BWP switching is performed by RRC signaling, when active BWP switching ends is configured by higher layer signaling. 

3. Text proposals

3.1. 38.213
[bookmark: _Ref496621482][bookmark: _Toc500947753][bookmark: _Toc492222145]12	Bandwidth part operation 
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
-	When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.
A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the serving cell a set of at most four bandwidth parts (BWPs) for receptions by the UE (DL BWP set) in a DL bandwidth by parameter DL-BWP and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL bandwidth by parameter UL-BWP for the serving cell. 
An initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic prefix, for the control resource set for Type0-PDCCH common search space. For operation on the primary cell, a UE is provided by higher layer parameter initial-UL-BWP an initial active UL BWP for a random access procedure. If the UE is configured with a secondary carrier on the primary cell, the UE can be configured with an initial BWP for random access procedure on the secondary carrier.
For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs, respectively, the UE is configured the following parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:
· a subcarrier spacing provided by higher layer parameter DL-BWP-mu or UL-BWP-mu;
· a cyclic prefix provided by higher layer parameter DL-BWP-CP or UL-BWP-CP;
· a number of contiguous PRBs provided by higher layer parameter DL-BWP-BW or UL-BWP-BW; 
· an index in the set of DL BWPs or UL BWPs by respective higher layer parameters DL-BWP-index or UL-BWP-index;
· DCI format 1_0 or DCI format 1_1 detection to a PDSCH reception timing values by higher layer parameter DL-data-time-domain, PDSCH reception to a HARQ-ACK transmission timing values by higher layer parameter DL-data-DL-acknowledgement, and DCI 0_0 or DCI 0_1 detection to a PUSCH transmission timing values by higher layer parameter UL-data-time-domain; 
· an offset of the first PRB of the DL bandwidth or the UL bandwidth, respectively, relative to a first PRB of a bandwidth by higher layer parameter DL-BWP-loc or UL-BWP-loc 
For unpaired spectrum operation, a DL BWP from the set of configured DL BWPs with index provided by higher layer parameter DL-BWP-index is paired with an UL BWP from the set of configured UL BWPs with index provided by higher layer parameter UL-BWP-index when the DL BWP index and the UL BWP index are equal. For unpaired spectrum operation, a UE is not expected to receive a configuration where the center frequency for a DL BWP is different than the center frequency for an UL BWP when the DL-BWP-index of the DL BWP is equal to the UL-BWP-index of the UL BWP.
For each DL BWP in a set of DL BWPs on the primary cell, a UE can be configured control resource sets for every type of common search space and for UE-specific search space as described in Subclause 10.1. The UE is not expected to be configured without a common search space on the PCell, or on the PSCell, in the active DL BWP.
For each UL BWP in a set of UL BWPs, the UE is configured resource sets for PUCCH transmissions as described in Subclause 9.2	.  
A UE receives PDCCH and PDSCH in a DL BWP according to a configured subcarrier spacing and CP length for the DL BWP. A UE transmits PUCCH and PUSCH in an UL BWP according to a configured subcarrier spacing and CP length for the UL BWP. 
If a bandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator field value indicates the active DL BWP, from the configured DL BWP set, for DL receptions. If a bandwidth part indicator field is configured in DCI format 0_1, the bandwidth part indicator field value indicates the active UL BWP, from the configured UL BWP set, for UL transmissions. 
If the bandwidth part indicator in is configured in DCI format 0_1 or DCI format 1_1 and indicates an UL BWP or a DL BWP different from the active UL BWP or DL BWP, respectively, the UE shall
· for each information field in the received DCI format 0_1 or DCI format 1_1
· if the size of the information field is smaller than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE shall prepend zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP or DL BWP prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively;
· if the size of the information field is larger than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE shall use a number of least significant bits of DCI format 0_1 or DCI format 1_1 equal to the one required for the UL BWP or DL BWP indicated by bandwidth part indicator prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively;
· set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the DCI format 0_1 or DCI format 1_1, respectively.
For the primary cell, a UE can be provided by higher layer parameter Default-DL-BWP a default DL BWP among the configured DL BWPs. If a UE is not provided a default DL BWP by higher layer parameter Default-DL-BWP, the default DL BWP is the initial active DL BWP.  
If a UE is configured for a secondary cell with higher layer parameter Default-DL-BWP indicating a default DL BWP among the configured DL BWPs and the UE is configured with higher layer parameter BWP-InactivityTimer indicating a timer value, the UE procedures on the secondary cell are same as on the primary cell using the timer value for the secondary cell and the default DL BWP for the secondary cell.  
If a UE is configured by higher layer parameter BWP-InactivityTimer a timer value for the primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format 1_1 for paired spectrum operation or if the UE does not detect a DCI format 1_1 or DCI format 0_1 for unpaired spectrum operation during the interval.
UE is not expected to switch to the default DL BWP between the reception time of DCI format 1_1 indicating an active DL BWP, other than the default DL BWP and the reception time of the corresponding PDSCH for paired spectrum operation. 
UE is not expected to switch to the default DL BWP or UL BWP between the reception time of DCI format 1_1 or DCI format 0_1 indicating an active DL BWP or UL BWP, other than the default DL BWP or default UL BWP and the reception time of the corresponding PDSCH for unpaired spectrum operation.
If the UE is configured by higher layer parameter Active-BWP-DL-SCell a first active DL BWP and by higher layer parameter Active-BWP-UL-SCell a first active UL BWP on a secondary cell or carrier, the UE uses the indicated DL BWP and the indicated UL BWP on the secondary cell as the respective first active DL BWP and first active UL BWP on the secondary cell or carrier. 
For paired spectrum operation, a UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the a DCI format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP for PCell between a time of a detection of a DCI format 1_0 or a DCI format 1_1 and a time of a corresponding HARQ-ACK transmission.

For unpaired spectrum operation, a UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the a DCI format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP for PCell between a time of a detection of a DCI format 1_0 or a DCI format 1_1 and a time of a corresponding HARQ-ACK transmission except for the case where the UE changes its active UL BWP for PCell into UL BWP with the same index indicated by the bandwidth part indicator in a DCI format 1_0 or a DCI format 1_1.

A UE is not expected to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a bandwidth that is not within the active DL BWP for the UE.

4. Conclusion
In this contribution, we discuss remaining issues on bandwidth part operation. Our observations and proposals are as follows:
Proposal 1: For paired spectrum, 
· PUCCH resource indicated by DL assignment is associated with UE’s active UL BWP in a serving cell where PUCCH is configured for the PUCCH group.
Proposal 2: Modify following agreement 
· “A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum” 
into 
· “A UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the corresponding DL assignment if a UE’s active UL BWP in the serving cell where PUCCH is configured within the same PUCCH group is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum” 
Proposal 3: For unpaired spectrum, 
· PUCCH resource indicated by DL assignment on PCell is associated with UL BWP in PCell which is linked to DL BWP indicated by the corresponding DL assignment on PCell
· PUCCH resource indicated by DL assignment on PSCell is associated with UL BWP in PSCell which is linked to DL BWP indicated by the corresponding DL assignment on PSCell
· PUCCH resource indicated by DL assignment on PUCCH-SCell is associated with UL BWP in PUCCH-SCell which is linked to DL BWP indicated by the corresponding DL assignment on PUCCH-SCell
· PUCCH resource indicated by DL assignment on SCell is associated with UE’s active UL BWP in a serving cell where PUCCH can be transmitted within the same PUCCH group at the reception time the corresponding DL assignment

Proposal 4: For unpaired spectrum, 
· A UE is not expected to transmit HARQ-ACK on PUCCH resource indicated by the corresponding DL assignment 
· If a UE’s active UL BWP in the serving cell where PUCCH is transmitted within the same PUCCH group is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, and
· If a UE’s active UL BWP in the serving cell where PUCCH is transmitted within the same PUCCH group at the time of HARQ-ACK transmission is not linked to DL BWP indicated by the corresponding DL assignment
Proposal 5: When UE detects BWP switching in DCI format 1_1, UE assume that the indicated BWP is active from the reception time of the corresponding PDSCH. 
Proposal 6: UE assume that default DL BWP is active k slots after BWP inactivity timer expires.
Proposal 7: UE is not expected to switch to the default DL BWP between the reception time of DL assignment indicating DL BWP switching and the reception time of the corresponding PDSCH.
Proposal 8: When UE detects BWP indicator in DCI format 0_1, UE assume that the indicated BWP is active from the transmission time of the corresponding PUSCH. 
Proposal 9: For unpaired spectrum, UE assumes that the timing of active DL BWP switching is the same as the timing of active UL BWP switching. 
Proposal 10: When BWP switching is performed by RRC signaling, when active BWP switching ends is configured by higher layer signaling. 
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