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1. Introduction
In RAN1#92bis meeting, following agreements were made for BWP switching [1]:
	Agreements:
· It’s RAN1’s understanding that the active DL (or UL) BWP switching delay (i.e. T μs) for two types of UE capability will be specified in RAN4 specs.
· Send LS to RAN4 – R1-1805727, which is approved, final LS in R1-1805755
· For DCI-based active DL (or UL) BWP switching, a UE is not expected to switch its active DL (or UL) BWP based on an active DL (or UL) BWP switching DCI which is considered as  invalid where invalidity is defined as when the signaled K0 (or K2) value in the DCI can’t guarantee the active DL (or UL) BWP switching delay equal to or larger than the one specified in RAN4 specs to the UE based on the UE’s capability.
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
· 


In this contribution, we continue to discuss remaining issues on bandwidth part operation including PUCCH resources, the relationship between timer-based active BWP switch and DCI-based active BWP switch, and the DCI interpretation for different BWP. 

2. Discussion
2.1. PUCCH resource for HARQ-ACK feedback
DCI scheduling PDSCH can indicate PUCCH resource to be used for the corresponding HARQ-ACK feedback. For paired spectrum operation, 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 on the PCell 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the corresponding DL assignment and the time of HARQ-ACK transmission, the PUCCH resource indicated by DL assignment is no longer valid.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 this case, HARQ-ACK feedback can be transmitted on high layer configured PUCCH resource for CSI reporting or positive SR, or PUSCH scheduled by UL grant. 
Proposal 1: For paired spectrum operation, 
· PUCCH resource indicated by the DCI format 1_1 is associated with UE’s active UL BWP on the PCell (or PSCell, or PUCCH-SCell).
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 with the same index of the BWP indicator in the DCI format 1_1 simultaneously. In this case, the set of PUCCH resources to be indicated needs to be associated with the UL BWP which is paired with the DL BWP indicated by the DCI format 1_1 instead of the active UL BWP. Otherwise, when DCI format 1_1 indicates active DL BWP switching, UE will always change its active UL BWP between a time of a detection of the DCI format 1_1 and a time of a corresponding HARQ-ACK transmission on the PUCCH, and then UE will not have any chances to transmit HARQ-ACK feedback on PUCCH. Meanwhile, considering PDCCH missing case on the PCell, it can be considered that PUCCH resource indicated by DL assignment for SCell is associated with UE’s active UL BWP as in paired spectrum operation. In this case, UE may not change active UL BWP on the PCell between a time of a detection of the DCI format 1_1 and a time of a corresponding HARQ-ACK transmission on the PUCCH to transmit HARQ-ACK feedback on PUCCH. 
Proposal 2: For unpaired spectrum operation, 
· PUCCH resource indicated by the DCI format 1_1 for PCell (or PSCell, or PUCCH-SCell) is associated with UL BWP which is paired with DL BWP indicated by the corresponding DCI format 1_1 for PCell (or PSCell, or PUCCH-SCell).
· PUCCH resource indicated by the DCI format 1_1 for SCell is associated with UE’s active UL BWP on the PCell (or PSCell, or PUCCH-SCell) 

2.2. DL/UL BWP switching operation
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. For simplicity, it can be considered that UE stop increasing the timer every interval of 1 msec or 0.5 msec during the transition time of active DL or UL BWP switch. 
Proposal 3: 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.
For unpaired spectrum operation, 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 which is paired with 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 which is paired with the default DL BWP at the same time. 
Proposal 4: For unpaired spectrum, UE assumes that the timing of active DL BWP switching is the same as the timing of active UL BWP switching. 
In this case, UE is not expected to receive DL signals during the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K2 in the active UL BWP switch DCI. Similarly, UE is not expected to transmit UL signals during the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI. 
2.3. 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 5: When BWP switching is performed by RRC signaling, when active BWP switching ends is configured by higher layer signaling. 

2.4. DCI interpretation for different BWP
Due to the DCI-based BWP switching, there can exist misalignment between the required DCI field size and the actual transmitted DCI field size. Depending on the related configurations, DCI field bitfield could be zero-padded or truncated before the DCI interpretation. When the required bitfield size is smaller than or equals to the actual bitfield size, there is no scheduling restriction since DCI can indicate all the possible values of the corresponding bitfield. However, otherwise, DCI will not indicate some values of the corresponding bitfields, and it may cause scheduling restriction. 
Following table lists fields of DCI format 0_1 whose size needs to be zero-padded or truncated before DCI interpretation due to the BWP switching. 
Table 1: DCI fields of which sizes are depending on BWP in DCI format 0_1.
	DCI field
	Related parameter
	Related configuration
	Possible values

	Frequency domain resource assignment
	resourceAllocation
	PUSCH-Config
	ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch}

	
	rbg-Size
	PUSCH-Config
	ENUMERATED { config2}

	
	frequencyHoppingOffsetLists
	PUSCH-Config
	SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)

	
	locationAndBandwidth
	BWP provided in BWP-UplinkCommon
	INTEGER (0..37949)

	Time domain resource assignment
	pusch-AllocationList
	PUSCH-Config
	SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation

	Frequency hopping flag
	resourceAllocation
	PUSCH-Config
	ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch}

	SRS resource indicator
	srs-ResourceIdList
	SRS-ResourceSet
	SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId

	
	usage
	SRS-ResourceSet
	ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching}

	
	maxRank
	PUSCH-Config
	INTEGER (1..4)

	
	txConfig
	PUSCH-Config
	ENUMERATED {codebook, nonCodebook}

	Precoding information and number of layers
	txConfig
	PUSCH-Config
	ENUMERATED {codebook, nonCodebook}

	
	transformPrecoder
	PUSCH-Config
	ENUMERATED {enabled, disabled}

	
	maxRank
	PUSCH-Config
	INTEGER (1..4)

	
	codebookSubset
	PUSCH-Config
	ENUMERATED {fullyAndPartialAndNonCoherent, partialAndNonCoherent, nonCoherent}

	Antenna ports
	transformPrecoder
	PUSCH-Config
	ENUMERATED {enabled, disabled}

	
	txConfig
	PUSCH-Config
	ENUMERATED {codebook, nonCodebook}

	
	maxRank
	PUSCH-Config
	INTEGER (1..4)

	
	dmrs-Type
	DMRS-UplinkConfig provided in PUSCH-Config
	ENUMERATED {type2}

	
	maxLength
	DMRS-UplinkConfig provided in PUSCH-Config
	ENUMERATED {len2}

	PTRS-DMRS association
	transformPrecoder
	PUSCH-Config
	ENUMERATED {enabled, disabled}

	
	maxRank
	PUSCH-Config
	INTEGER (1..4)

	
	phaseTrackingRS
	DMRS-UplinkConfig provided in PUSCH-Config
	SetupRelease { PTRS-UplinkConfig }

	beta_offset indicator
	betaOffsets
	UCI-OnPUSCH provided in PUSCH-Config
	CHOICE {
dynamic	SEQUENCE (SIZE (4)) OF BetaOffsets,
semiStatic BetaOffsets	}

	DMRS sequence initialization
	transformPrecoder
	PUSCH-Config
	ENUMERATED {enabled, disabled}



On frequency/time-domain resource assignment, when zero-padding is needed for the bitfields, scheduling flexibility may be restricted, but the system will not be broken. On frequency hopping, zero-padding means that non-frequency hopping is used for PUSCH transmission. 
gNB schedules DCI format 0_1 indicating UL BWP switching without exact knowledge of channel condition or beam information on the new BWP since SRS will be transmitted after active UL BWP switching. 
As fallback DCI is not available for such a case when BWP switching is triggered, the network may indicate inaccurate TCI or MCS or SRI information in BWP switching. This is not related to the number of bits available for each DCI field. 
Similarly, on Antenna ports or PTRS-DMRS association, since gNB does not know which DMRS ports is optimal to transmit PUSCH or PTRS before SRS reception, it does not mean that the restrictions on bitfield size of Antenna port(s) or PTRS-DMRS association cause the restriction on gNB selection. 
On beta offset indicator, since semi-static beta offset needs to be set conservatively, dynamic beta offset indicator is introduced. Meanwhile, one of the values to be indicate by beta offset indicator needs to be set conservatively. In this case, bitfield index 0 can be used to indicate conservative value for beta offset. 
DMRS sequence initialization can be used to support MU-MIMO. Even though DCI format 0_1 indicating UL BWP switching has no bitfield for DMRS sequence initialization, and so the value of DMRS sequence initialization is set to be 0, gNB can schedule DCI indicating DMRS sequence initialization of 1 for another UE to support MU-MIMO operation. 
Observation 1: Truncating too large bitfields to match the new BWP does not cause any restriction on selecting bitfield of DCI format 0_1.
Observation 2: At least for a few DCI fields such as SRS resource indicator, Precoding information and number of layers, Antenna ports, or PTRS-DMRS association, regardless of bit field size, there is a case where the network does not know exact information for each field. 

Following table lists fields of DCI format 1_1 whose size needs to be zero-padded or truncated before DCI interpretation due to the BWP switching. 
Table 2: DCI fields of which sizes are depending on BWP in DCI format 1_1.
	DCI field
	Related parameter
	Related configuration
	Possible values

	Frequency domain resource assignment
	resourceAllocation
	PDSCH-Config
	ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch}

	
	rbg-Size
	PDSCH-Config
	ENUMERATED {config1, config2}

	
	locationAndBandwidth
	BWP provided in BWP-DownlinkCommon
	INTEGER (0..37949)

	Time domain resource assignment
	pusch-AllocationList
	PDSCH-Config
	SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PDSCH-TimeDomainResourceAllocation

	VRB-to-PRB mapping
	resourceAllocation
	PDSCH-Config
	ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch}

	PRB bundling size indicator
	prb-BundlingType
	PDSCH-Config
	CHOICE {
static	 SEQUENCE {bundleSize ENUMERATED { n4, wideband }
},
dynamic SEQUENCE {bundleSizeSet1	ENUMERATED { n4, wideband, n2-wideband, n4-wideband }	
bundleSizeSet2	ENUMERATED { n4, wideband }}

	Rate matching indicator
	rateMatchPatternToAddModList
	PDSCH-Config
	SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern

	ZP CSI-RS trigger
	zp-CSI-RS-ResourceToAddModList
	PDSCH-Config
	SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-Resource

	For transport block 2
	maxNrofCodeWordsScheduledByDCI
	PDSCH-Config
	ENUMERATED {n1, n2}

	Antenna port(s)
	dmrs-Type
	DMRS-DownlinkConfig provided in PDSCH-Config
	ENUMERATED {type2}

	
	maxLength
	DMRS-DownlinkConfig provided in PDSCH-Config
	ENUMERATED {len2}

	Transmission configuration indication
	tci-PresentInDCI
	ControlResourceSet provided in PDCCH-Config
	ENUMERATED {enabled}

	DMRS sequence initialization
	scramblingID1
	DMRS-DownlinkConfig provided in PDSCH-Config
	INTEGER (0..65535)



On frequency/time-domain resource assignment, when zero-padding is needed for the bitfields, scheduling flexibility may be restricted, but the system will not be broken. On VRB-to-PRB mapping, zero-padding means that non-interleaved VRB-to-PRB mapping is used for PDSCH transmission. On PRB bundling size indicator, zero-padding means that the second st of PRB values will be used for PDSCH reception. Compared to semi-static PRB bundling size, it seems not critical problem in terms of scheduling flexibility. Rate-matching indicator or ZP CSI-RS trigger is meaningful only if the rate-matching pattern or ZP CSI-RS pattern to be indicated is fully or partially overlapped with the allocated resources indicated by time/frequency-domain resource assignment. In other words, even though there exist restriction on bitfield size of Rate-matching indicator or ZP CSI-RS trigger, gNB can control allocated resources not to be overlapped with the rate-matching pattern or ZP CSI-RS pattern which cannot be indicated by Rate-matching indicator or ZP CSI-RS trigger, respectively. In short, restriction on bitfield size of Rate-matching indicator or ZP CSI-RS trigger does not break the system. 
On bitfields for transport block 2, if DCI format 1_1 indicating active DL BWP switching can schedule only one transport block, but the new BWP supports up to two transport blocks, it is necessary to disable the second transport block. In this case, it can be considered to add condition for disabling transport block during the transport block size determination. To be specific, even though the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, if DCI has only one set of MCS, NDI, and RV bitfields, only one transport block will be enabled. 
Proposal 6: If maxNrofCodeWordsScheduledByDCI is set to 2, and if DCI has only one set of MCS, NDI, and RV bitfields, the second transport block is disabled. 
On Antenna ports or Transmission configuration indication, since gNB does not know which DMRS port(s) or beam direction is optimal to transmit PDSCH, it does not mean that the restrictions on bitfield size of Antenna port(s) or Transmission configuration indication cause the restriction on gNB selection. 
DMRS sequence initialization can be used to support MU-MIMO. Even though DCI format 1_1 indicating DL BWP switching has no bitfield for DMRS sequence initialization, and so the value of DMRS sequence initialization is set to be 0, gNB can schedule DCI indicating DMRS sequence initialization of 1 for another UE to support MU-MIMO operation. 
Observation 3: Truncating too large bitfields to match the new BWP does not cause any restriction on selecting bitfield of DCI format 1_1.
Observation 4: At least for a few DCI fields such as Antenna ports, or Transmission configuration indication, regardless of bit field size, there is a case where the network does not know exact information for each field. 
On MIMO-related parameters, gNB cannot perform channel estimation or beam detection on the new BWP to schedule PDSCH or PUSCH since CSI-RS or SRS will be transmitted after BWP switching. In this case, rather than using DCI-indicated TPMI, Antenna ports, SRI, or TCI, it can be considered to use default setting as in initial transmission before RRC configuration. To be specific, the beam information for PUSCH transmission could reuse the same beam information of the lowest PUCCH resource only if PUSCH is scheduled by DCI indicating active UL BWP switching. Next, the beam information for PDSCH transmission could reuse the same beam information of the lowest CORESET only if PDSCH is scheduled by DCI indicating active DL BWP switching. This can be also achieved by ignoring DCI fields which are not present in fallback DCI format such that behaviour can follow PDSCH/PUSCH scheduling scheduled by fallback DCI. 
Proposal 7: RAN1 decide whether MIMO-related parameter such as SRI, TPMI and layer, Antenna ports, or TCI are determined based on bitfileds in DCI indicating UE’s active BWP switching or based on default settings such as beam information of the lowest PUCCH resource or CORESET in new BWP. 
· If default setting is assumed, we can consider ignoring DCI fields which are not present in fallback DCI format for the simplicity in BWP switching DCI. 

3. Conclusion
In this contribution, we discuss remaining issues on bandwidth part operation. Our observations and proposals are as follows:
Observation 1: Truncating too large bitfields to match the new BWP does not cause any restriction on selecting bitfield of DCI format 0_1.
Observation 2: At least for a few DCI fields such as SRS resource indicator, Precoding information and number of layers, Antenna ports, or PTRS-DMRS association, regardless of bit field size, there is a case where the network does not know exact information for each field. 
Observation 3: Truncating too large bitfields to match the new BWP does not cause any restriction on selecting bitfield of DCI format 1_1.
Observation 4: At least for a few DCI fields such as Antenna ports, or Transmission configuration indication, regardless of bit field size, there is a case where the network does not know exact information for each field. 
Proposal 1: For paired spectrum operation, 
· PUCCH resource indicated by the DCI format 1_1 is associated with UE’s active UL BWP on the PCell (or PSCell, or PUCCH-SCell).
Proposal 2: For unpaired spectrum operation, 
· PUCCH resource indicated by the DCI format 1_1 for PCell (or PSCell, or PUCCH-SCell) is associated with UL BWP which is paired with DL BWP indicated by the corresponding DCI format 1_1 for PCell (or PSCell, or PUCCH-SCell).
· PUCCH resource indicated by the DCI format 1_1 for SCell is associated with UE’s active UL BWP on the PCell (or PSCell, or PUCCH-SCell) 
Proposal 3: 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 4: 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 5: When BWP switching is performed by RRC signaling, when active BWP switching ends is configured by higher layer signaling. 
Proposal 6: If maxNrofCodeWordsScheduledByDCI is set to 2, and if DCI has only one set of MCS, NDI, and RV bitfields, the second transport block is disabled. 
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· If default setting is assumed, we can consider ignoring DCI fields which are not present in fallback DCI format for the simplicity in BWP switching DCI. 
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