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[bookmark: _Ref129681832]In NRAH#1801 meeting, the following working assumptions on bandwidth part switching were achieved [1]:
Working assumption:
· 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
Agreements:
For one carrier:
· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
· Payload size for formats 0-1 and 1-1 may differ

In RAN1#92 meeting, the following agreement on bandwidth part was achieved [2].
Agreements:
· A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is 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 or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum

In this contribution, remaining issues on bandwidth part and wideband operation are summarized. Details could be found in our companion contributions [3][4][5][6]. 
DCI size and interpretation for different BWP
DCI size determination
Regarding the DCI size budget, we think that the current working assumption of at most 4 different DCI sizes per slot and at most 3 different DCI sizes per C-RNTI per slot is reasonable.  In order to provide the relationship between BWPs and DCI sizes such that the DCI budget is fulfilled, several approaches which are aligned with the current agreements/WAs on DCI size are discussed in our companion contribution [3]. Therefore, we propose to confirm the current WA:
Proposal 1: Confirm the following working assumption on DCI size budget:
For one carrier:
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot

Fallback DCI interpretation
According to the current working assumptions, the payload size of fallback DCI in CSS is determined by the initial DL BWP. If the active (DL or UL) BWP where the UE receives the fallback DCI is different from the initial DL BWP, it is still an open issue how to interpret the frequency-domain resource allocation field in the fallback DCI. The main challenge is to ensure that each UE in a group of UEs that are reached by the same fallback DCI in CSS interprets the frequency-domain resource allocation such that
i. all UEs in the group obtain the same frequency location of PDSCH, and
ii. the interpreted frequency location of the PDSCH is within the frequency range of the active BWP of each UE in the group
In [3], we discuss how to achieve the above requirements, and proposals are copied below.
Proposal 2: For fallback DCI in CSS, the size of initial DL BWP is used as the BWP size for derivation of  and  from RIV.
Proposal 3: For fallback DCI in CSS:
· For non-interleaved VRB-to-PRB mapping, the VRB 0 is mapped to the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE;
· For Interleaved VRB-to-PRB mapping,
i. the size of initial DL BWP is used as the BWP size in the interleaver formula;
ii. the PRB bundle 0 after the VRB-to-PRB interleaving is mapped to the PRB bundle which contains the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE.

Non-fallback DCI interpretation
DL DCI field interpretation
We give our analysis for each field of the DCI format 1-1 as follows. Details could be found in our companion contribution [4].
	DCI information field
	Bit width
	Impact of working assumption

	Carrier indicator
	0 or 3
	Not BWP dependent

	Identifier for DCI formats
	1
	Not BWP dependent

	Bandwidth part indicator
	0,1 or 2 bits
	Not BWP dependent

	Frequency domain resource assignment
	xx
	If the bit length is too small to match the new BWP, Type 0 or Type 1 RA can be used based on current BWP and new BWP configuration. Details can be found in [4].

	Time domain resource assignment
	0, 1, 2, 3, or 4
	Configure at least one large enough K0 for the new BWP to cover the switching delay. Details can be found in [4].

	VRB-to-PRB mapping
	0 or 1
	Can be deemed as not support by default

	PRB bundling size indicator
	0 or 1
	Can be deemed as 2 PRB by default

	Rate matching indicator
	0,1 or 2
	PDSCH can be rate-matched around all configured resource sets irrespective of whether the resource sets are configured as dynamic.

	ZP CSI-RS trigger
	0,1 or 2
	PDSCH can be rate-matched around all configured ZP CSI-RS resource sets irrespective of whether the resource sets are configured as dynamic.

	TB1
	Modulation and coding scheme
	5
	Not BWP dependent

	
	New data indicator
	1
	

	
	Redundancy version
	2
	

	TB2
	Modulation and coding scheme
	5
	Can be deemed as useless for BWP switching since it is tremendous to schedule a higher rank transmission since CSI for the new BWP is not available.

	
	New data indicator
	1
	

	
	Redundancy version
	2
	

	HARQ process number
	4
	Not BWP dependent

	Downlink assignment index
	0,2 or 4
	Not BWP dependent

	TPC command for scheduled PUCCH
	2
	Not BWP dependent

	PUCCH resource indicator
	2
	Not BWP dependent

	PDSCH-to-HARQ feedback timing indicator
	3
	Not BWP dependent

	Antenna port(s)
	4,5,6
	Improper antenna ports might be selected, which may lead to poor performance. However, it is acceptable since BWP switching should not be a frequent event.

	Transmission configuration indication
	0 or 3
	Not BWP dependent

	SRS request
	2
	Not BWP dependent

	CBG transmission information (CBGTI)
	0, 2, 4, 6, or 8
	Not BWP dependent

	CBG flushing out information (CBGFI)
	0, 2, 4, 6, or 8
	Not BWP dependent

	DMRS sequence initialization
	0 or 1
	May not be able to do non-orthogonal MU-MIMO, which is acceptable



Observation 1: No fundamental issue is found with working assumption for DCI format 1_1.

UL DCI field interpretation
We give our analysis for each field of the DCI format 0-1 as follows:
	DCI information field
	Bit width
	Impact of working assumption

	Carrier indicator
	0 or 3
	Not BWP dependent

	UL/SUL indicator
	0 or 1
	Not BWP dependent

	Identifier for DCI formats
	1 bit
	Not BWP dependent

	Bandwidth part indicator
	0, 1, or 2
	Not BWP dependent

	Frequency domain resource assignment
	XX
	If the bit length is too small to match the new BWP, Type 0 or Type 1 RA can be used based on current BWP and new BWP configuration. Details can be found in [4].

	Time domain resource assignment
	0, 1, 2, 3, or 4
	Configure at least one large enough K2 for the new BWP to cover the switching delay. Details can be found in [4].

	VRB-to-PRB mapping
	0 or 1
	Can be deemed as not support by default

	Frequency hopping flag
	0 or 1
	Can be deemed as not support by default

	Modulation and coding scheme
	5
	Not BWP dependent

	New data indicator
	1
	Not BWP dependent

	Redundancy version
	2
	Not BWP dependent

	HARQ process number
	4
	Not BWP dependent

	1st downlink assignment index
	1 or 2
	Not BWP dependent

	2nd downlink assignment index
	0 or 2
	Not BWP dependent

	TPC command for scheduled PUSCH
	2
	Not BWP dependent

	SRS resource indicator
	

 or 
	Improper resource might be indicated, which leads to poor performance. However, it is acceptable since BWP switching should not be a frequent event.

	Precoding information and number of layers
	0, 1, 2, 3, 4, 5, or 6
	Improper codebook might be selected, which may lead to poor performance. However, it is acceptable since BWP switching should not be a frequent event.

	Antenna ports
	2 to 5
	Improper antenna ports might be selected, which may lead to poor performance. However, it is acceptable since BWP switching should not be a frequent event.

	SRS request
	2 or 3
	Not BWP dependent.

	CSI request
	0, 1, 2, 3, 4, 5, or 6
	This field is useless in BWP switching since no measurement is allowed in the transition time.

	CBG transmission information (CBGTI)
	0, 2, 4, 6, or 8
	Not BWP dependent.

	PTRS-DMRS association
	0 or 2
	May limit the DMRS port number.

	beta_offset indicator
	0 or 2
	May lead to poor UCI piggyback performance.

	DMRS sequence initialization
	0 or 1
	May not be able to do non-orthogonal MU-MIMO.



Observation 2: No fundamental issue is found with working assumption for DCI format 0_1
If there is a bit field in the DCI of the new BWP which does not exist in the DCI of the current BWP, then a default value, e.g. all-zero, for that field can be considered by UE. For example, if only resource allocation type 0 is configured for the current BWP while resource allocation type 1 is configured for the new BWP, there will be no DCI field for VRB-to-PRB mapping for DCI format 0_1 and DCI format 1_1 in the current BWP. In this case, the VRB-to-PRB mapping bit field can be set to zero by UE.
Proposal 4: Confirm the following working assumption: 
· 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

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 [5]. 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 1. Ambiguity of RMSI RB grid when (SS/PBCH SCS, RMSI SCS) is (15 KHz, 30 KHz).
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.

-	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.

HARQ-ACK for BWP switching
In RAN1#91 meeting, the following agreement was concluded.
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
For other cases as shown following, whether UE should transmit HARQ-ACK should be clarified.
· Case#1: For FDD, UE’s active UL BWP is not switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission 
· Case#2: For TDD, UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission
For case#1, UE could transmit HARQ-ACK by dynamic HARQ-ACK codebook, and it is already supported by specification. It is agreed that the PDCCHs can be configured per BWP. The PDCCH monitoring of CCs/BWPs with same/different numerologies is nothing different, i.e., (a)-(d) in Figure 2 are equivalent. Furthermore, as shown in Figure 2 (c)~(d), current HARQ-ACK codebook design already supports the dynamic BWP switching with same/different numerologies only if it is clarified that “the PDCCH monitoring occasion set of a serving cell is the union of PDCCH monitoring occasions across all configured DL BWPs”.
[image: ]
[bookmark: _Ref505953643]Figure 2. An illustration of the use cases current dynamic codebook support
Observation 3: The dynamic HARQ-ACK codebook design already supports the following use cases
· CA with same numerology and same/different PDCCH monitoring periods
· CA with different numerologies and same/different PDCCH monitoring periods
· Dynamic DL BWP switching with same numerology
· Dynamic DL BWP switching with different numerologies.

For case#2, if the DL assignment triggers BWP switching, HARQ-ACK should be transmitted since it can be deemed as an indication of successful BWP switching. Otherwise, the HARQ-ACK is not expected to transmit due to the following two aspects:
· Specification complexity. Since the UL BWP has been switched, the resource allocated for the HARQ-ACK does not exist. Some companies propose to transmit the HARQ-ACK later on the new BWP. For one aspect, it increases the delay of feedback. For another aspect, it brings more specification efforts on HARQ timing and HARQ codebook just for BWP switching scenario and makes the gNB scheduling more complex.
· Retransmission across BWP has been supported. If HARQ-ACK is not transmitted due to the BWP switching, gNB can schedule a retransmission on the new BWP. No more specification efforts for this case.
Based on the analysis above, we have the following proposal:
Proposal 6: For TDD, when a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, 
· If the DL assignment is triggering BWP switching, UE transmits HARQ-ACK
· Otherwise, the UE is not expected to transmit HARQ-ACK

k0 in OFDM baseband signal generation
Regarding the set of values for k0 for OFDM symbol generation, values of -6,0,6 were agreed in the last meeting ‎[2]. 
Agreements:
· For RRC parameter k0, it takes values -6, 0 and 6
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The parameter  is the subcarrier offset from the “middle subcarrier” of the  usable subcarriers of numerology  to the carrier frequency . Therefore, to determine the set of possible values for , the possible mapping of the carrier frequency  to the resource grid should be first considered.  Currently, the mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.2.2-1 of TS38.104. It is also specified in TS38.104 that the mapping must apply to at least one numerology supported by the BS.
Table 5.4.2.2-1 (TS38.104): Channel Raster to Resource Element Mapping
	

	

	


	
Resource element index 
	0
	6

	
Physical resource block number 

	

	




However, as discussed in our companion contribution [6], the current channel raster to resource element mapping can result in fractional values for . To see this, as a particular example, consider a 15MHz carrier which supports all SCSs {15KHz, 30KHz, 60KHz} in FR1, and consider the following setting:
· Guardband values are based on the minimum guardband requirement of RAN4 for each SCS for 15MHz carrier (TS38.104 Table 5.3.3-1).
· For 15KHz SCS, the maximum transmission bandwidth of 79 RBs is utilized, which fully utilizes the available carrier bandwidth.
· The carrier frequency is assumed to coincide with subcarrier 6 of the middle RB of the 79 RBs of 15KHz SCS, i.e. 40th RB (TS38.104 Table 5.4.2.2-1).
· For 30KHz and 60KHz SCS, the transmission bandwidths (number of RBs) are the maximum transmission bandwidths that satisfy both the guardband and the nested RB grid.
Figure 3-Figure 6 show all possible RB arrangement with the above settings. For each RB arrangement, the corresponding value of  of each numerology µ is also indicated in the figure.

[image: ]
[bookmark: _Ref509863899]Figure 3 Examples of k0=0,-3,-4.5
[image: ]
Figure 4 Examples of k0=0,-3,+1.5
[image: ]
Figure 5 Examples of k0=0,+3,-1.5
[image: ]
[bookmark: _Ref509863905]Figure 6 Examples of k0=0,+3,+4.5

It is seen in the figures that if the number of RBs with the smallest SCS is odd,  can take additional values {-4.5,-3,-1.5,+1.5,+3,+4.5} (in addition to the agreed values {-6,0,+6}). Since both 1.5 and 4.5 can satisfy the RB alignment of mixed numerology for 60kHz SCS, it may not be necessary to support both values. Also the absolute value of  should be minimized in order to make the guard band as symmetric as possible, and thus 1.5 is preferred to be supported rather than 4.5. 
Proposal 7: Additional values {-3, -1.5, +1.5, +3} should be supported for .
Also, as shown in our companion contribution ‎[6], the parameter  for numerology µ can be derived from  for a numerology  and RRC parameters , , , and .
Proposal 8: The value of  is RRC signaled to the UE only for one numerology . The value of  for any other numerology  is derived by the UE using , where .

Conclusion
Proposal 1: Confirm the following working assumption on DCI size budget:
For one carrier:
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
Proposal 2: For fallback DCI in CSS, the size of initial DL BWP is used as the BWP size for derivation of  and  from RIV.
Proposal 3: For fallback DCI in CSS:
· For non-interleaved VRB-to-PRB mapping, the VRB 0 is mapped to the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE;
· For Interleaved VRB-to-PRB mapping,
iii. the size of initial DL BWP is used as the BWP size in the interleaver formula;
iv. the PRB bundle 0 after the VRB-to-PRB interleaving is mapped to the PRB bundle which contains the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE.
[bookmark: _GoBack]Observation 1: No fundamental issue is found with working assumption for DCI format 1_1.
Observation 2: No fundamental issue is found with working assumption for DCI format 0_1
Proposal 4: Confirm the following working assumption: 
· 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
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.
Observation 3: The dynamic HARQ-ACK codebook design already supports the following use cases
· CA with same numerology and same/different PDCCH monitoring periods
· CA with different numerologies and same/different PDCCH monitoring periods
· Dynamic DL BWP switching with same numerology
· Dynamic DL BWP switching with different numerologies.
Proposal 6: For TDD, when a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission, 
· If the DL assignment is triggering BWP switching, UE transmits HARQ-ACK
· Otherwise, the UE is not expected to transmit HARQ-ACK
Proposal 7: Additional values {-3, -1.5, +1.5, +3} should be supported for .
Proposal 8: The value of  is RRC signaled to the UE only for one numerology . The value of  for any other numerology  is derived by the UE using , where .
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