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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#92bis meeting, the following working assumption on bandwidth part switching was agreed [1]:
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 addition, the following agreement was achieved on DCI 1-0 in CSS interpretation [1]:
Agreements:
For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.
· The case of TC-RNTI is a working assumption
· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA
· FFS other cases
In this contribution, remaining issues on bandwidth part and wideband operation are summarized.
Inconsistency between RAN1 and RAN2 on Point A determination
In RAN1#91 meeting, an offset is introduced to indicate the point A from the reference location for both Pcell, Scell and SUL according to the agreement. 
	RAN1#91 agreement:
· A UE is RRC signaled with the following for common PRB indexing
· Offset between a reference location and the lowest subcarrier of the reference PRB [point A] (i.e. PRB0 in previous agreements)
· For DL in Pcell, the reference location is the lowest subcarrier of the lowest PRB of the cell-defining SSB after floating SSB is resolved
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI, which is based on ARFCN after floating ARFCN is resolved
· For Scell, the reference location is the frequency location indicated in the SCell configuration, which is based on ARFCN after floating ARFCN is resolved
· For SUL, the reference location is the frequency location indicated in the SUL configuration, which is based on ARFCN after floating ARFCN is resolved
· The reference PRB is expressed based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· The offset in the unit of PRB is indicated based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· Common PRB with index 0 for all SCSs contains point A



In the above agreements, it should be clarify that the ARFCN of the carrier is the center of channel bandwidth. The center of channel bandwidth is necessary for the UE to characterize the spectrum mask and also to position the center of RF filter, as shown in Figure 1. If the center of the channel bandwidth is not indicated to the UE, the UE may position its RF filter outside the channel bandwidth, and the UE may receive the interference from other operators in downlink or interfere with other operators in the uplink. However, indication of the ARFCN of the center of channel bandwidth is not included in RAN2 specification. 
[image: ]
[bookmark: _Ref513800266]Figure 1. Placement of UE RF filter
In addition, for the point A indication in Scell, SUL and UL in Pcell of paired spectrum, it is directly indicated by ARFCN in RAN2, which is not aligned with the above RAN1 agreement. If RAN1 follows RAN2 specification, two ARFCN values, one for point A and one for the center of channel bandwidth are required. One possible way for UE to know the center of channel bandwidth is assuming the center of channel bandwidth always coincides with the middle subcarrier of the smallest subcarrier spacing configured for the carrier.
Proposal 1: The center of channel bandwidth always coincides with the middle subcarrier of the smallest subcarrier spacing configured for the carrier. 
DCI size and interpretation for different BWP
Non-fallback DCI interpretation
In RAN1#92bis [1], zero padding or truncation operation has been agreed for the BWP switching DCI. The impacts of zero padding or truncation for DCI format 1_1 and 0_1 are given as follows.
DL DCI field interpretation
We give our analysis for each field of the DCI format 1_1 as follows.
Table 1 Impact analysis for DCI format 1_1
	[bookmark: OLE_LINK20]DCI information field
	Impact to gNB
	Impact to UE

	Carrier indicator
	Not BWP dependent
	Not BWP dependent

	Identifier for DCI formats
	Not BWP dependent
	Not BWP dependent

	Bandwidth part indicator
	Not BWP dependent
	Not BWP dependent

	Frequency domain resource assignment
	The number of scheduling PRBs are restricted. For some of extremely cases, the number of schedule PRBs are restricted to1 PRB.
	No special handling for UE behavior.

	Time domain resource assignment
	For padding cases, the scheduling will be limited to the first several rows of the table configured in the new BWP.
	No special handling for the UE．

	[bookmark: _Hlk513813511]VRB-to-PRB mapping
	No special handling for the gNB．
	No special handling for the UE．

	PRB bundling size indicator
	No special handling for the gNB．
	No special handling for the UE．

	Rate matching indicator
	For padding cases, gNB will not allocate resource containing mis-matched RM group(s) between two BWPs
	No special handling for the UE.

	ZP CSI-RS trigger
	For padding cases, gNB will not allocate resource containing mis-matched CSI-RS between two BWPs.
	No special handling for the UE.

	TB1
	Modulation and coding scheme
	Not BWP dependent
	Not BWP dependent

	
	New data indicator
	
	

	
	Redundancy version
	
	

	TB2
	Modulation and coding scheme
	For padding cases, gNB will not schedule TB2
	No special handling for the UE.

	
	New data indicator
	
	

	
	Redundancy version
	
	

	HARQ process number
	Not BWP dependent
	Not BWP dependent

	Downlink assignment index
	Not BWP dependent
	Not BWP dependent

	TPC command for scheduled PUCCH
	Not BWP dependent
	Not BWP dependent

	PUCCH resource indicator
	Not BWP dependent
	Not BWP dependent

	PDSCH-to-HARQ feedback timing indicator
	Not BWP dependent
	Not BWP dependent

	Antenna port(s)
	For padding cases, gNB can only schedule the first several rows of the table configured in the new BWP.
	No special handling for the UE.

	Transmission configuration indication
	Not BWP dependent
	Not BWP dependent

	SRS request
	Not BWP dependent
	Not BWP dependent

	CBG transmission information (CBGTI)
	Not BWP dependent
	Not BWP dependent

	CBG flushing out information (CBGFI)
	Not BWP dependent
	Not BWP dependent

	[bookmark: _Hlk513570721]DMRS sequence initialization
	No special handling for the gNB
	No special handling for the UE


UL DCI field interpretation
We give our analysis for each field of the DCI format 0_1 as follows:
Table 2 Impact analysis for DCI format 0_1
	DCI information field
	Impact to gNB
	Impact to UE

	Carrier indicator
	Not BWP dependent
	Not BWP dependent

	UL/SUL indicator
	Not BWP dependent
	Not BWP dependent

	Identifier for DCI formats
	Not BWP dependent
	Not BWP dependent

	Bandwidth part indicator
	Not BWP dependent
	Not BWP dependent

	Frequency domain resource assignment
	The number of scheduling PRBs are restricted. For some of extremely cases, the number of schedule PRBs are restricted to1 PRB.
	No special handling for UE behavior.

	Time domain resource assignment
	For padding cases, the scheduling will be limited to the first several rows of the table configured in the new BWP.
	No special handling for the UE．

	Frequency hopping flag
	No special handling for the gNB．
	No special handling for the UE．

	Modulation and coding scheme
	Not BWP dependent
	Not BWP dependent

	New data indicator
	Not BWP dependent
	Not BWP dependent

	Redundancy version
	Not BWP dependent
	Not BWP dependent

	HARQ process number
	Not BWP dependent
	Not BWP dependent

	1st downlink assignment index
	Not BWP dependent
	Not BWP dependent

	2nd downlink assignment index
	Not BWP dependent
	Not BWP dependent

	TPC command for scheduled PUSCH
	Not BWP dependent
	Not BWP dependent

	SRS resource indicator
	No special handling for the gNB
	No special handling for the UE

	Precoding information and number of layers
	No special handling for the gNB
	No special handling for the UE

	Antenna ports
	For padding cases, gNB can only schedule the first several rows of the table configured in the new BWP.
	No special handling for the UE

	SRS request
	Not BWP dependent.
	Not BWP dependent.

	CSI request
	No special handling for the gNB
	No special handling for the UE

	CBG transmission information (CBGTI)
	Not BWP dependent
	Not BWP dependent

	PTRS-DMRS association
	No special handling for the gNB
	No special handling for the UE

	beta_offset indicator
	No special handling for the gNB
	No special handling for the UE

	DMRS sequence initialization
	No special handling for the gNB
	No special handling for the UE


Observation 1: For BWP switching, gNB implementation can restrict the scheduling for padding bits are required and no special handling from the UE point of view.
Fallback DCI interpretation
According to the current agreement, the payload size of DCI format 0_0/1_0 in CSS is determined by the initial DL BWP. If the active (DL or UL) BWP where the UE receives the DCI is different from the initial DL BWP, the interleaving operation for DCI format 1_0 in CSS and USS is still under discussion. We discuss these problems in [3] and the proposals are copied as below:
Proposal 2: Support VRB-to-PRB interleaving for SIB1 transmission. 
Proposal 3: For VRB-to-PRB interleaving in DCI format 1_0 in CSS, 
· The size of initial DL BWP is used as the BWP size in the interleaver formula.
· The RB bundle size is L=2.
· The RB bundle 0 starts from the lowest-numbered physical resource block of the CORESET where the DCI was received.
· If the DCI format 1_0 is received in Type0-PDCCH CSS and is scheduling PDSCH carrying SIB1, the RB bundle 0 consists of 2 RBs.  Otherwise, the RB bundle 0 consists of  RBs, where  is the lowest-numbered physical resource block in the CORESET where the DCI was received.
Uplink power control during UL BWP switching
In this section, UE behavior is clarified on determining a downlink path-loss estimate and an accumulated PUSCH power control adjustment state during UL BWP switching.

Note that the RSRP used in a downlink path-loss estimate is based on configured reference signal index  defined in a reference serving cell. As a result, it can rely on smart gNB configuration of SS/PBCH block and/or CSI-RS within a measurement gap in a reference serving cell. Then the UE can measure the configured SS/PBCH block and/or CSI-RS and do the higher layer filtering. The filtered RSRP of these configured SS/PBCH block and/or CSI-RS can be used in a downlink path-loss estimate during UL BWP switching.
[bookmark: OLE_LINK28]The determination of an accumulated PUSCH power control adjustment state in slot i is based on the accumulation in slot i ‒1. In current spec, a UE resets accumulation when at least one value of open-loop parameters is changed. Thus, if different open-loop parameter(s) is/are configured for different UL BWPs, then the UE shall reset accumulation during UL BWP switching. 


[bookmark: OLE_LINK46]However, for UL BWPs configured with the same open-loop parameter(s), it may not be appropriate to assume these UL BWPs are always close/similar enough. Hence, using the accumulation in the old BWP to determine the accumulation in the new BWP during UL BWP switching may cause some problems. To this date, the UE shall also reset the accumulation instead if the UL BWP is changed. In another word, during UL BWP switching  and/or  value shall be considered as changed even for UL BWP switching among UL BWPs configured with the same open-loop parameter(s).


Proposal 4: UE shall consider  and/or  value as changed during UL BWP switching even if the values in the old BWP and the new BWP are configured the same.
Clarification on RMSI RB grid
For SS/PBCH type A, it is agreed that the subcarrier spacing of  is 15 KHz. Therefore, after decoding the subcarrier offset in PBCH, UE finds the subcarrier 0 of , and thus it finds the CRB grid of 15 KHz. Now, if subcarrier spacing of RMSI is 30 KHz, UE still has ambiguity on the CRB grid of RMSI [4]. The ambiguity is illustrated in Figure 1, where UE has ambiguity between case 1 and case 2, since both cases satisfy the nested grid. In fact, the number of bits for subcarrier offset in PBCH was agreed to be increased from 4 to 5 bits to resolve this ambiguity. However, it is not fully captured in the current TS 38.211.
[image: ]
[image: ]
[bookmark: _Ref505957098]Figure 2. Ambiguity of RMSI RB grid when (SS/PBCH SCS, RMSI SCS) is (15 KHz, 30 KHz).
[bookmark: OLE_LINK52]Proposal 5: Text proposal to TS 38.211 section 7.4.3.1:
[bookmark: _Hlk504054281]For an SS/PBCH block, the UE shall assume 

-	antenna port  is used for transmission of PSS, SSS and PBCH,
-	the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,




-	for SS/PBCH block type A,  and  with the quantities , and  expressed in terms of 15 kHz subcarrier spacing, and




-	for SS/PBCH block type B,  and  with the quantity expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and  is expressed in terms of 60 kHz subcarrier spacing.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]-	the center of subcarrier 0 of common resource block coincides with the center of subcarrier 0 of a common resource block of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon.
Conclusion
[bookmark: _GoBack]Proposal 1: The center of channel bandwidth always coincides with the middle subcarrier of the smallest subcarrier spacing configured for the carrier.
Observation 1: For BWP switching, gNB implementation can restrict the scheduling for padding bits are required and no special handling from the UE point of view.
Proposal 2: Support VRB-to-PRB interleaving for SIB1 transmission. 
Proposal 3: For VRB-to-PRB interleaving in DCI format 1_0 in CSS, 
· The size of initial DL BWP is used as the BWP size in the interleaver formula.
· The RB bundle size is L=2.
· The RB bundle 0 starts from the lowest-numbered physical resource block of the CORESET where the DCI was received.
· If the DCI format 1_0 is received in Type0-PDCCH CSS and is scheduling PDSCH carrying SIB1, the RB bundle 0 consists of 2 RBs.  Otherwise, the RB bundle 0 consists of  RBs, where  is the lowest-numbered physical resource block in the CORESET where the DCI was received.


Proposal 4: UE shall consider  and/or  value as changed during UL BWP switching even if the values in the old BWP and the new BWP are configured the same.
Proposal 5: Text proposal to TS 38.211 section 7.4.3.1:
For an SS/PBCH block, the UE shall assume 

-	antenna port  is used for transmission of PSS, SSS and PBCH,
-	the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,




-	for SS/PBCH block type A,  and  with the quantities , and  expressed in terms of 15 kHz subcarrier spacing, and




-	for SS/PBCH block type B,  and  with the quantity expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and  is expressed in terms of 60 kHz subcarrier spacing.

-	the center of subcarrier 0 of common resource block coincides with the center of subcarrier 0 of a common resource block of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon.
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