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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN1 NR AH#1801, the alternatives for DCI based BWP switching were discussed extensively, mainly among the following options [1]: 
· Option 1
· DCI information relates to current BWP. DCI size determined by current BWP. PDSCH is received in current slot (or later slot in case of cross-slot scheduling)
· If BWP index differs from current BWP, then a new BWP is activated X us later (X depends on the BWP transition latency and possibly K0)
· A future DCI in the new BWP can schedule data using the new BWP
· Option 3b
· Sizes of all DCI bitfields 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
· Option 3c
· Sizes of all DCI bitfields 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
· Note: It is assumed that it is possible to switch BWP without scheduling data, e.g.  by scheduling using a null assignment
· Option 4
· If the UE is supposed to switch BWP no payload is scheduled
Basically in option 3 (3b/3c) the UE is cross BWP scheduled during the BWP switch, however, the DCI bitfield size are determined by the current BWP. After reading the BWP index field which indicates a different BWP index than the current one, UE regards the current DCI is for BWP switch and shall interpret the DCI fields according to the configuration of the target BWP. Since the DCI field size is determined by the current BWP, UE shall transform the DCI field by UE zero-padding (UE to add some zeros to the decoded DCI field and interpret it afterwards) or truncating (UE to delete some DCI bits from the decoded DCI filed and interpret it afterwards) behavior. 
During the discussion, it was realized that at least the RA field is BWP dependent thus zero-padding or truncating behavior shall be performed if either option 3b or 3c is to be adopted. It was also commented that other DCI field may also be BWP dependent but the impact to be checked further. Note that option 1 or option 4 does not require such zero-padding or truncating behavior. Finally option 3b was agreed as working assumption which may be reconsidered if significant problem regarding zero-padding and truncating operation is identified. 
In this contribution, we analyzed the DCI fields in DL and UL non-fallback DCI format and observed that lots of DCI fields are actually BWP dependent which means the zero-padding or truncating operation shall be applied to all these DCI fields, causing significant problems in specification and implementation, in order to handle the size mismatch between current and target BWP for each relevant DCI field. Therefore we propose that RAN1 to reconsider the working assumption made for DCI based BWP switching mechanism. 
1. Discussion
1. BWP dependent DCI field with BWP dependency
Based on the latest endoresed version of  TS38.212 [2] and updated RRC parameters, the analysis on BWP dependency for UL and DL non-fallback DCI is shown in the following table 1 and 2, respectively
Table 1- BWP dependency for DCI format 0_1
	DCI field
	Field size
	BWP dependency 
	Comment

	Carrier indicator 
	0 or 3 bits
	No
	Same size across BWPs

	UL/SUL indicator
	0 or 1bit
	No
	Same size across BWPs

	Identifier for DCI formats 
	[1] bit
	No
	Same size across BWPs

	Bandwidth part indicator 
	0, 1 or 2 bits
	No
	Same size across BWPs

	Frequency domain resource assignment
	X bits
	Yes
	
Size determined by the active DL BWP, size can be different across BWPs

	Time domain resource assignment
	0, 1, 2, 3, or 4 bits
	Yes
	Configured per BWP, size can be different across BWPs

	VRB-to-PRB mapping 
	0 or 1 bit
	Yes
	Has dependency on the resource allocation type which is configured per BWP, size can be different across BWPs

	Frequency hopping flag 
	0 or 1 bit
	Yes
	Has dependency on the resource allocation type which is configured per BWP, size can be different across BWPs

	Modulation and coding scheme 
	5 bits
	No
	Fixed size across BWPs

	New data indicator 
	1 bit
	No
	Fixed size across BWPs

	Redundancy version 
	2 bits
	No
	Fixed size across BWPs

	HARQ process number
	4 bits
	No
	Fixed size across BWPs

	1st downlink assignment index
	1 or 2 bits
	No
	Has dependency on the HARQ-ACK codebook type (semi-static or dynamic) which is configured per UE, size is the same across BWPs

	2nd downlink assignment index 
	0 or 2 bits
	No
	Has dependency on the HARQ-ACK codebook type (semi-static or dynamic) which is configured per UE, size is the same across BWPs

	TPC command for scheduled PUSCH 
	2 bits
	No
	Same size across BWPs

	SRS resource indicator 
	

[0 or]  or  bits
	Yes
	Size determined by the number of SRS resource, which is configured per BWP, size can be different across BWPs, up to 4 bits difference

	Precoding information and number of layers
	0, 1, 2, 4, 5, or 6bits
	Yes
	Size determined by the following configurations, which are all per BWP configuration, size can be size can be different across BWPs, up to 6 bits difference
- ulTxConfig
-PUSCH-tp
- ULmaxRank

	Antenna ports
	2, 3, 4 or 5 bits
	Yes
	Size determined by the following configurations, which are all per BWP configuration, size can be size can be different across BWPs, up to 3 bits difference
- PUSCH-tp
- dmrs-Uplink

	SRS request
	2 or 3bits
	No
	2bits if UE is not configured with SUL, 
3bits otherwise. 

	CSI request
	0, 1, 2, 3, 4, 5, or 6 bits
	Yes
	Size determined by the configuration of ReportTriggerSize, which is per BWP configured. Size can be different across BWPs, up to 6 bits difference

	CBG transmission information (CBGTI)
	0, 2, 4, 6, or 8 bits
	FFS
	It is under discussion whether CBG is configured per BWP or per cell

	PTRS-DMRS association
	0 or 2bits
	Yes
	Size determined by the following configurations, which are all per BWP configuration, size can be size can be different across BWPs, up to 2bits difference
- UL-PTRS-present
-PUSCH-tp

	beta_offset indicator
	0 or 2bits
	No
	Configured per serving cell, same size across BWPs

	DMRS sequence initialization
	0 or 1bit
	Yes
	Size determined by the configuration of PUSCH-tp, which is per BWP configured. Size can be different across BWPs, up to 1 bit difference



Table 2- BWP dependency for DCI format 1_1
	DCI field
	Field size
	BWP dependency 
	Comment

	Carrier indicator 
	0 or 3 bits
	No
	Configured per serving cell, same size across BWPs

	Identifier for DCI formats 
	[1] bits
	No
	Same size across BWPs

	Bandwidth part indicator 
	0, 1 or 2 bits
	No
	Configured per serving cell, same size across BWPs

	Frequency domain resource assignment
	Y bits
	Yes 
	
Size determined by the active DL BWP , size can be different across BWPs

	Time domain resource assignment 
	0, 1, 2, 3, or 4 bits
	Yes
	Configured per BWP, size can be different across BWPs

	VRB-to-PRB mapping 
	0 or 1 bit
	Yes
	Has dependency on the resource allocation type which is configured per BWP, size can be different across BWPs

	PRB bundling size indicator
	0 or 1 bit
	Yes
	Configured per BWP, size can be different across BWPs

	Rate matching indicator 
	0, 1, or 2bits
	Yes 
	Configured per BWP, size can be different across BWPs

	ZP CSI-RS trigger 
	0, 1, or 2 bits
	Yes 
	Configured per BWP, size can be different across BWPs

	Modulation and coding scheme for TB1
	5bits
	No
	Fixed size across BWPs

	New data indicator for TB1
	1bit
	No
	Fixed size across BWPs

	Redundancy version for TB1
	2bits
	No
	Fixed size across BWPs

	Modulation and coding scheme for TB2
	5bits
	No
	Fixed size across BWPs

	New data indicator for TB2
	1bit
	No
	Fixed size across BWPs

	Redundancy version for TB2
	2bits
	No
	Fixed size across BWPs

	HARQ process number
	4bits
	No
	Fixed size across BWPs

	Downlink assignment index
	0, 2,or 4bits
	No
	Configured per UE, Fixed size across BWPs

	TPC command for scheduled PUCCH
	2bits
	No
	Fixed size across BWPs

	PDSCH-to-HARQ_feedback timing indicator 
	3 bits
	No
	Fixed size across BWPs
0bit under discussion

	Antenna port(s) 
	4, 5, or 6 bits
	Yes
	Configured per BWP, size can be different across BWPs

	Transmission configuration indication
	0 or 3 bits
	Yes
	Configured per BWP, size can be different across BWPs

	SRS request
	2 or 3bits
	No
	2bits if UE is not configured with SUL, 
3bits otherwise. 

	CBG transmission information (CBGTI)
	0, 2, 4, 6, or 8 bits
	FFS
	It is under discussion whether CBG is configured per BWP or per cell

	CBG flushing out information (CBGFI)
	0 or 1 bit
	FFS
	It is under discussion whether CBG is configured per BWP or per cell

	DMRS sequence initialization
	1 bit
	No
	Fixed size across BWPs



Table 3 Summary of BWP dependent DCI fields
	DCI format
	Number of DCI field which size has BWP dependency
	Number of DCI field which size may have BWP dependency

	0_1
	10
	1

	1_1
	8
	2



Table 3 provides a summary of BWP dependent DCI fields according to the analysis in table 1 and 2. It can be seen that up to 10 and 8 DCI fields in DCI format 0_1 and 1_1 has field size determined by the per BWP configuration. And 1 or 2 more fields in DCI formant 0_1 and 1_1 may also be determined by the per BWP configuration, depending on the further decisions. This means if option 3b (as current working assumption) is adopted, special rules of zero-padding and truncating of DCI field for BWP switching should be discussed and specified in a per DCI field basis which requires significant efforts and results in unnecessary specification complexity. In addition, UE implementation complexity is also increased undesirably.  
Instead of per DCI field handling, the DCI field mismatch issue can be handled in a generic framework which is applicable to all related DCI fields. For example, zero is padded from the MSB of each DCI field when more bits in a field is required for UE to interpret the DCI field in the new BWP than the current BWP, or bit truncating is performed  from the MSB of each DCI field when less bits in a field is required in the new BWP than the current BWP. In this method, for each DCI field that has BWP dependency, the network shall carefully configure the DCI state for each BWP such that no undesired behavior at the UE side during BWP switch. In addition, a default state shall be specified for each BWP dependent field and the default  bahavior is performed when UE switches from a BWP with zero bit field length to a new BWP with non-zero bit field length. 
Proposal 1: 
· A generic rule applicable to all potential BWP dependent DCI fields is specified for UE to perform zero-padding or truncating during BWP switch. The zero-padding or truncating is performed in a per DCI field basis, when necessary. 
Proposal 2 : 
· Default states are specified for all potential BWP dependent DCI fields, which is used when UE switches from a BWP with zero bit field length to a new BWP with non-zero bit field length. 
1. Handling of frequency resource allocation field 
The handling of frequency resource allocation field should consider both type 0 and type 1 RA in DL and UL, including dynamic switch between type 0 and 1. In principle the case with type 0 only RA works fine with zero-padding/truncating since bitmap based RA is used in type 0. However, as analyzed in several contributions [4][5], unpredictable RA result exists when type 1 RA is involved and when zero-padding is performed during switching from a smaller BWP to a larger BWP. In the UE feature list discussion, in UL only type 1 RA is confirmed as mandatory without capability (included in the basic scheduling/HARQ functionality). Other UL resource allocation type, including type 0 and dynamic switch between type 0/1 are as separate features and will unlikely be mandatory without capability. Therefore the issue with type 1 RA shall be solved for dynamic BWP switch. Our preference is to use Null Assignment as the solution. 
Proposal 3 : 
· Use null assignment based BWP switching as the solution for type 1 frequency resource allocation and dynamic switch between type 0 and 1. 
1. Conclusion
In this contribution, we discuss the mechanisms for DCI based BWP switching and showed the problems of current agreed working assumption (option 3b). As a conclusion, it is suggested that RAN1 to consider the following proposals before confirming the working assumption.
Proposal 1: 
· [bookmark: _GoBack]A generic rule applicable to all potential BWP dependent DCI fields is specified for UE to perform zero-padding or truncating during BWP switch. The zero-padding or truncating is performed in a per DCI field basis, when necessary. 
Proposal 2 : 
· Default states are specified for all potential BWP dependent DCI fields, which is used when UE switches from a BWP with zero bit field length to a new BWP with non-zero bit field length. 
Proposal 3 : 
· Use null assignment based BWP switching as the solution for type 1 frequency resource allocation and dynamic switch between type 0 and 1. 
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