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Overview
In this contribution, we will discuss some of the remaining issues on BWP. One major remaining issue is DCI signaling design for active BWP switching. Also, BWP transition rules and QCL assumptions during BWP switch are discussed. Sections which are based on resubmission are marked in the beginning of the section.

Discussion
[bookmark: _Ref506512084]DCI Signaling Design for Active BWP Switching
Background
Since the RAN1 NR AH1801 meeting, extensive discussion took place on the details of DCI signalling design for active BWP switching [3]. In RAN1 #92bis, the following working assumption was agreed with a minor revision [9]:
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

Details on DCI Field Transformation
DCI field transformation facilitates cross-BWP scheduling.
· For the same DCI field, transforming the content from a given field size to a smaller required field size can always be made to work
· From UE’s perspective, transforming a DCI field with more number of bits to a DCI field with fewer number of bits sized for the new BWP is always okay. NW should take the responsibility to ensure that when truncation rule is applied, the truncated bits do not contain useful information.
· For the same DCI field, transforming the content from a given field size to a larger required field size may require special handling
· Please see Appendix 5.1 for complete field-by-field examination. 

Usually, if a DCI field has zero size in the current BWP but is transformed into a DCI field with non-zero size, populating the content with zero and interpreting for the new BWP should result in expected / acceptable behavior. However, there are a few exceptions at least for the following fields, and default behavior should be defined.
In DCI Format 1-1,
· For MCS/RV/NDI fields, if current BWP has <=4 layers, and new BWP has >4 layers, this means 2nd codeword cannot be scheduled. Default behavior for the new BWP should be that scheduling is limited only to the 1st codeword.
· For the TCI field, if the field size is zero in current BWP, and 3 bits in new BWP, content of zero should not be assumed for the new BWP because it would indicate index zero. Instead, the default behaviour should be assumed, i.e. scheduled PDSCH is QCL’ed with PDCCH.
· For the rate matching indicator field, if the field size is zero in current BWP, and non-zero in new BWP, default behaviour (i.e. assume no rate matching) should be defined for such BWP transition, unless it is confirmed that the value “zero” means no rate matching.
· For the ZP CSI-RS trigger field, if the field size is zero in current BWP, and non-zero in new BWP, default behaviour may need to be defined for such BWP transition. Zero-size field means no CSI-RS triggering. It remains to be confirmed that the value “zero” means no triggering (and does not mean triggering resource index 0).
In DCI Format 0-1,
· For the CSI request field, if the field size is zero in current BWP, and non-zero in new BWP, default behaviour may need to be defined for such BWP transition. Zero-size field means no CSI request. It remains to be confirmed that the value “zero” means no request for all of the non-zero field size settings.
· For the beta offset field, if the field size is zero in current BWP, and non-zero in new BWP, default behaviour (i.e. assume semi-static beta values configured by higher layers) should be defined for such BWP transition. The value “zero” when the field size is 2 bit means taking the beta from the 1st entry of the table, which may not be the same as assuming the semi-static beta values.

[bookmark: _Toc513834885]Proposal 1: When transforming a DCI field which has zero size in the current BWP to a field with non-zero size in the new BWP, the zero-padding rule works for most fields, but there are exceptions for which default behavior should be explicitly defined. These exceptions should be carefully identified.

[bookmark: _Ref506507851]Frequency-Domain Resource Assignment
Mismatch in the frequency-domain resource assignment field size can arise during cross-BWP scheduling, i.e., when the DCI field size is determined based on the current BWP, but the BWP indicator field indicates that a new BWP is to be activated and the scheduling information applies to the new BWP, and the current BWP and the new BWP have different bandwidth.
There can also be mismatch in allocation type. For example, the current BWP may be configured with Type 0 allocation, while the new BWP may be configured with Type 1. A BWP may also be configured with both Type 0 and 1, for which the MSB of the frequency domain resource allocation field would indicate whether it is type 0 or 1. Because there can be up to three configuration options (Type 0, Type 1, or both Type 0/1) for each BWP, there could be up to 9 combinations in terms of the scenarios for transforming the frequency domain allocation type during a BWP switch.
Resource allocation type handling
With the agreement made in RAN1 #92bis, first, we would like to clarify that Type 0/1 allocation would follow the configuration in the new BWP during a BWP switch. Basically, interpretation of the transformed content will be based on the new BWP, i.e. the resource allocation type configured for the new BWP. Because NW is aware of the configuration of the new BWP, it can always populate the content of the DCI field before transformation according to the new BWP’s allocation type, despite the field could be sized according to the current BWP’s allocation type.
For example, if current BWP is configured as type 1, and new BWP is Type 0. The size of the field would be determined based on Type 1 and according to current BWP’s bandwidth, but NW should populate the content based on the new BWP’s allocation type, which is Type 0. After transformation is applied, the transformed content will be interpreted based on the new BWP.
In case the new BWP is configured with both Type 0 /1 allocation, the following specification applies:
If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1.
This implies that, after the transformation, reapplication of the type indicator to the MSB can be assumed.
However, there still remains some ambiguity in the agreement that should be further clarified. Let’s first review the truncation case with the following illustration:
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“The truncation is done from MSB (including the bit indicating the resource allocation type)”
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For the case the new BWP is configured with either Type 0 or Type 1 allocation, truncation rule works as expected. For the case the new BWP is configured with both Type 0/1 allocation, specification already states that the MSB would be the Type 0/1 indicator, and it is implied that allocation type indicator is reapplied to the new MSB.
However, for the zero padding case, more clarification would be needed for correct behaviour if the current BWP is configured with both Type 0/1 allocation, as illustrated in the following.
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“Zero-padding is done for MSB”

	Literal interpretation of current agreement:
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	Intended / correct interpretation:
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The subtle difference between the interpretation of the current agreement and the intended interpretation is that the Type 0/1 indicator bit (if configured) should be excluded from zero-padding.
Therefore, the following clarification to the agreement is proposed:
· The truncation is done from MSB (including the bit indicating the resource allocation type)
· Zero-padding is done for MSB (excluding the bit indicating the resource allocation type)

With this clarification, for the case the new BWP is configured with Type 0 or Type 1 allocation, zero-padding rule works as expected. For the case the new BWP is configured with both Type 0/1 allocation, specification already states that the MSB would be the Type 0/1 indicator, and it is implied that allocation type indicator can be reapplied to the new MSB.
TP is included in the end.

Resource allocation mapping handling
In case of Type 0 resource allocation, the agreed transformation rule can be applied in a straight-forward manner. The extent of bitfield size mismatch should be less compared to Type 1 allocation because RBG size adapts to bandwidth. For example, for Type 0 resource allocation, 17 bits is needed to allocate up to 270 RBs, and 13 bits is needed to allocate up to 25 RBs. The difference is only 4 bits, compared to 7 bits for Type 1 resource allocation. Also, Type 0 resource allocation bitfield is essentially a bit-mask, with each bit indicating whether the corresponding RBG is assigned or not. Zero-padding or truncation of the bitfield may lead to some scheduling restrictions but not too severe.
In case of Type 1 resource allocation, straight-forward application of the zero-padding or truncation rule onto the RIV may lead to undesirable scheduling result. There can be severe limitations on the number of PRBs that can be scheduled in the new BWP. This issue has also been discussed in great detail in [6] and many other contributions submitted to the #92bis meeting.
[bookmark: _Toc513834880]Observation 1: For Type 1 allocation, straight-forward application of DCI bit-field truncation/zero-padding rule to frequency-domain resource allocation field would result in resource allocation limitation that can be highly undesirable.
Based on discussion outcome in #92bis, it seems companies are okay with accepting the resource allocation limitation for Type 1 allocation, as the work assumption was confirmed.
Our previous proposal for frequency-domain resource allocation mapping can be found in [5].

[bookmark: _Ref506568464]Time-Domain Resource Assignment
[bookmark: _Hlk506558774]The DCI transformation working assumption confirmed in #92bis generally works for the time-domain resource assignment field, but it would be good to have some more discussion and clarifications.
(Note: the following is resubmission from [5])
In current specification TS 38.214 [2], the following are the descriptions on the time-domain resource assignment field:
Section 5.1.2.1:
When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field of the DCI provides a row index of a higher layer configured table pdsch-symbolAllocation, where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.
Section 6.1.2.1:
When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport block and a CSI report on PUSCH by a DCI, the Time domain resource assignment field of the DCI provides a row index of an RRC configured table pusch-symbolAllocation, where the indexed row defines the slot offset K2, the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission.

The DCI field transformation rule states “apply zero-padding/truncation to the field prior to interpreting the information fields for the new BWP.” For cross-BWP scheduling that triggers BWP switch, there are at least two important questions to be resolved:
1. Because the tables are BWP-specific, which BWP’s table should be used: current BWP or new BWP?
2. In case the current BWP and new BWP have different numerology, which numerology should be used for k0 or k2 interpretation?
For time-domain resource allocation, the field is essentially an index to the pdsch-symbolAllocation or pusch-symbolAllocation table, depending on whether the DCI is Format 1-1 or 0-1 respectively. Despite some ambiguity in whether “interpreting the information fields for the new BWP” means using the new BWP’s table, our view is that the new BWP’s table should be used. The time-domain RA field is sized based on the current BWP, and it is sized (from 0 up to 5 bits) just enough to make all of the rows in the current BWP’s table addressable. For cross-BWP scheduling, there are 3 cases to consider: the new BWP’s table may require (i) more bits, (ii) fewer bits, or (iii) same number of bits for indexing into the new BWP’s table. In the case the field contains too few bits for the new BWP’s table (Case i), only a subset of the rows in the table can be addressed. In the case the field contains too many bits (Case ii), some bits are not necessary and can be truncated. It can be further proposed that for Case i, the addressable rows start from the lowest indexed row (i.e. the 1st row) in the table. For example, if the field has 2 bits, and the new BWP’s table has 8 rows, only the 1st, 2nd, 3rd, and 4th row can be addressed, and the remaining rows are not addressable. For Case ii, the truncation starts from the MSB. For example, if the field has 3 bits, and the new BWP’s table has 4 rows, the MSB bit can be truncated, and the lower 2 bits is used to address one of the four rows in the table.
For the second question, consideration needs to be given to cross-carrier scheduling. It had been agreed that the numerology for k0 or k2 in the case of cross-carrier scheduling between CC with different numerology would be based on the scheduled carrier. To achieve consistency between BWP and CA, the new BWP’s numerology should be used for k0 or k2 interpretation.
[bookmark: _Toc513834886]Proposal 2: For cross-BWP scheduling, time-domain resource allocation field size is determined based on current BWP, and the new BWP’s table (pdsch-symbolAllocation or pusch-symbolAllocation) is used.

[bookmark: _Toc513834881]Observation 2: Applying the DCI field transformation rule, when the number of bits in the time-domain resource allocation field is not sufficient to address all the rows in the new BWP’s table, UE expects only the lower-indexed rows, i.e. starting from the first row, can be addressed.
[bookmark: _Toc513834882]Observation 3: Applying the DCI field transformation rule, when the number of bits in the time-domain resource allocation field contain too many bits for the new BWP’s table, UE expects that only the lower bits are used to sufficiently address all rows in the new BWP’s table.

[bookmark: _Toc513834887]Proposal 3: For cross-BWP scheduling and in case the BWPs have different numerology, the new BWP’s numerology is used for interpretation of k0 or k2 (for DCI Format 1-1 or 0-1 respectively).

In RAN1 #92, it was decided that k0 or k2 indicated by BWP switch DCI also accommodates BWP switching delay [7]. In the following example, k0 management is illustrated; k2 can be managed in a similar way.
Suppose there are 3 BWP configurations with different minimum k0. One of them is intended for operating the UE in lower power mode with cross-slot scheduling only, and the other one optimized for low latency data with same-slot scheduling. Also, there is a default BWP with narrow BW configuration.
Suppose the following BWP transition time need to be supported:
1. BW adaptation between narrow and wide: 2 slots
2. Same BW and center frequency but with baseband parameter change only: 1 slot

The BWP are configured with the following pdsch-symbolAllocation entries (only k0 is shown, assuming SLIV and PDSCH type are not the differentiators):
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The following BWP transitions are illustrated: BWP0  BWP1  BWP2  BWP0:
[image: ]

During transition from BWP0 to BWP1, Table1 which contains 3 rows is used, but the time-domain RA field of BWP0 contains only 1 bit. As a result, only one of the first two rows can be selected as k0 for scheduling of PDSCH and BWP transition; The 3rd row is not addressable during this transition. During transition from BWP1 to BWP2, Table2 which contains 2 rows is used, but the time-domain RA field of BWP1 contains 2 bits; As a result, only the lower bit is used for addressing Table 2, and the upper bit is dropped.
Although not illustrated, transition between BWP0 and BWP2 is also feasible and because the time-domain RA fields are same size (2-bit) for BWP0 and BWP2, no transformation to the field content needs to be applied.

Support for Null-Assignment
There was extensive discussion on the issues with the DCI transformation working assumption during #92bis, and null-assignment in BWP switching DCI is one of the very promising solutions. Many of the details have been captured in the offline discussion summary (Option 4 in Section 3) [10] and will not be repeated here.
In the following, we will have a very brief recap of the motivations for supporting null assignment.
· Null-assignment can be used for explicit transition to default BWP
· If there has been a period of time with no scheduling activity, active BWP would fall back to the default BWP by a timer mechanism
· If NW knows that it will not schedule large data to the UE for some time, it can explicitly signal the UE to go back to the default BWP.
· Without null assignment, a dummy grant has to be used to signal UE to go to the default BWP
· One can argue that NW can piggyback the switch command in the DL assignment for the last piece of DL data. However, typically, NW cannot do that because it does not know whether the DL transmission would result in HARQ retransmission (and if so, would prefer to stay in the original BWP).
· Cross-BWP scheduling does not work properly for certain cases:
· Type 1 allocation could result in severe limitations in frequency domain resource allocation
· For DL, it is easier to “live with” the scheduling limitations; But for UL, it may lead to spectrum fragmentation / poor resource utilitization, and there should be a way for NW to initiate BWP switch only and defer scheduling of actual UL transmission until scheduling can be done more effectively for the new UL BWP.
· Dummy grant avoidance
· It is envisioned that dummy grants would be used by the NW due to limitations in scheduling and/or other DCI parameters. However, dummy grant results in wastage of system resources. With null-assignment, at least dummy PDSCH/PUSCH can be avoided.
· There are major complications associated with cross-BWP scheduling for BWP switch, if the current and new BWP have very different configurations. On the other hand, it is envisioned that for most of the use cases, BWPs are configured very similarly and many of the DCI field size should be the same. Null assignment can be used to circumvent the complicated case, for which scheduling for the first slot after a BWP switch anyway may not be practical. It should be considered that the case for cross-BWP scheduling is an optimization, and BWP switch with null assignment should be the more straight-forward approach.
· There is no timeline penalty for DL BWP switch and DL scheduling
· For DL BWP switch, UE is expected to start monitoring PDCCH in the new BWP in k0 slot as indicated in the BWP switch DCI. If the BWP DCI contains a null-assignment, NW can always issue another DL scheduling DCI in the first slot of the new BWP, and schedule PDSCH in the same slot. Compared to cross-BWP scheduling, there is no additional time delay.

[bookmark: _Toc513834888]Proposal 4: Add support for null-assignment for BWP switch DCI.

It should be noted that adding support for null-assignment introduces very little complexity increase for the UE. UE implementation already has to handle the case that null-assignment is issued with Type 0 allocation in frequency domain RA. Currently, it is up to UE implementation and generally UE would drop the DCI. If null assignment is supported, support for grant processing for a few relevant fields needs to be added. Also, UE anyway has to handle error conditions arising from inconsistent DCI field contents. For example, some DCI field may be an index to a table configured by the NW. It is possible that such index may not point to a valid entry in the table. Having support for null assignment helps reduce NW complexity in a way that it does not have to handle the DCI field content transformation for many of the fields to make sure they don’t result in unacceptable behavior on the UE. From UE’s perspective, error handling of inconsistent DCI field content has to be supported regardless and should not be a factor in evaluating null-assignment support.
The following figures illustrate an example of the end-to-end timeline for BWP switch. It is proposed that the timeline is identical between the case with and without null assignment.
	[bookmark: _Ref506321553]Figure 1: DL scheduling triggers BWP change
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	Figure 2: UL scheduling triggers BWP change
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	[bookmark: _Ref506321289]Figure 3: DL scheduling with null assignment triggers BWP change only
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	[bookmark: _Ref506321294]Figure 4: UL scheduling with null assignment triggers BWP change only
[image: ]




Other Remaining Issues on BWP

[bookmark: _Ref506512240][bookmark: _Ref506512164]BWP Transition Rules
In RAN1 #92, the following agreements have been made to clarify some details regarding BWP transition [7].
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

Agreements:
· A UE is not expected to receive a DCI indicating active DL (UL) BWP change in OFDM symbols other than the first 3 OFDM symbols of a slot

To avoid complicated conflicts due to multiple BWP switch DCI overlapping with each other, BWP switching should be serialized and some portion of the timeline should be protected from being intercepted by another BWP switching event. We will define a period of time when a BWP switch DCI is “in effect”, and during this time, no other BWP switch DCI is expected. This period of time can also be considered a “critical section”, i.e. no interruption by another BWP switch DCI is expected during the period. 
One aspect that remains to be clarified is when and how gNB can confirm that UE has decoded the BWP switch DCI and performed the BWP switch. To avoid ambiguity with the active BWP, gNB should avoid issuing another BWP switch DCI until it has confirmed that UE has processed a previously issued BWP switch DCI and performed the switch.
It is important to consider how gNB can confirm that BWP transition has successfully taken place at the UE. Conceptually, gNB and UE must have a “full handshake” regarding BWP switch in order for both to be in sync. The following is one way that such “full handshake” can be achieved:
· For BWP switch indicated by DCI Format 1-1, gNB can confirm that BWP switch has been performed by the UE when it receives HARQ-ACK feedback for the scheduled PDSCH. Either ACK or NAK can confirm the switch. 
· For BWP switch indicated by DCI Format 0-1, gNB can confirm that BWP switch has been performed by the UE when it decodes the scheduled PUSCH in the new UL BWP.
Above should be the basis for defining the time period for BWP switch DCI to be “in effect”:
[bookmark: _Toc513834883]Observation 4: DCI Format 1-1 indicating BWP switch is considered to be in effect from the end of last OFDM symbol of the PDCCH carrying DCI to the end of the last symbol of the expected HARQ-ACK corresponding to the PDSCH scheduled by the DCI.
[bookmark: _Toc513834884]Observation 5: DCI Format 0-1 indicating BWP switch is considered to be in effect from the end of last OFDM symbol of the PDCCH carrying the DCI to the end of the last symbol of the expected PUSCH scheduled by the DCI.
When a BWP switch DCI for any link direction is in effect, UE does not expect to receive another BWP switch DCI for the same or the other link direction.
[bookmark: _Ref510743590][bookmark: _Toc513834889]Proposal 5:  For a cell, a UE is not expected to receive a 2nd BWP switching DCI for any link direction before it completes the transmission of HARQ-ACK corresponding to a 1st BWP switching DCI which is for the DL direction.
[bookmark: _Toc513834890]Proposal 6: For a cell, a UE is not expected to receive a 2nd BWP switching DCI for any link direction before it completes the transmission of PUSCH corresponding to a 1st BWP switching DCI which is for the UL direction.

Per above proposals, if DL BWP switch DCI is transmitted in slot n, UE is not expected to receive UL BWP switch DCI in slot n+1 or later and until the DL BWP switch DCI is no longer in effect (i.e. end of ACK transmission). Similarly, if a UL BWP switch DCI is already in effect (i.e. before end of PUSCH transmission), UE is not expected to receive a DL BWP switch DCI. For example, the following conflict scenario would be disallowed by above proposals.
[image: ]

[bookmark: _Hlk510502166]BWP switch typically causes dropping of scheduled transmissions and/or feedbacks. We have identified at least the following areas:
[bookmark: _Toc513834891]Proposal 7: For unpaired spectrum operation, SRS request triggered by DCI Format 0-1 or 1-1 is dropped during or after a BWP switch.

In RAN1#92bis, the CSI reporting up on BWP switching was discussed in MIMO session.  It was agreed that when DL BWP is switched, the active PUCCH-based SP CSI reporting stays in its activated state but is suspended until the DL BWP is switched back, whereon it resumes.  But the UE behavior for other types of CSI reporting on BWP switching needs to be clarified.
The following proposals are cross-referenced from a companion contribution, Section 8 “CSI reporting vs BWP switching” of [11].
[bookmark: _Toc513834892]Proposal 8: Upon DL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
[bookmark: _Toc513834893]Proposal 9: Upon UL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
[bookmark: _GoBack]
QCL Assumptions during BWP Switching
(Note: This is section is identical to the section with the same name in [8])
For DCI based BWP switching, it is not very clear the QCL assumptions for reception of PDSCH in the new BWP. Notice that the QCL parameters associated with the RS in the new BWP may be different from the old BWP. If we derive QCL assumptions from the new BWP, the UE may not have enough time to measure RS in the new BWP to derive delay/doppler/spatial parameters before reception of PDSCH. For instance, during the very first PDSCH in the new BWP as shown in the figure below, the UE may have to rely on the old BWP for QCL assumptions. 
As shown in the figure below, for the first few slots before the reception of the first periodic RS in the new BWP, the UE may have to rely on QCL assumptions from the old BWP for control/data reception. In addition, the UE may require additional time to process RS in the new BWP and may require multiple such RS occasions to obtain a better estimate for the QCL parameters in the new BWP. To satisfy these requirements our proposal is to specify a Transition window in the new BWP as shown in the figure. During the transition window, the UE may obtain the QCL assumptions based on the RS in the old BWP. During the transition window the UE can filter the new periodic RS to obtain a better accurate estimate of the various QCL parameters. After the Transition window the UE may receive the PDSCH in the new BWP based on the QCL derived from the RS in the new BWP. 


The TCI states signalled to receive PDSCH in the new BWP shall be interpreted accordingly. For Control Channel QCL, a simple rule can be defined to map the QCL for control in the new BWP with the old BWP. We can map the TCI state for PDCCH in the new BWP, based on a default TCI Control TCI state in the old BWP. Whenever there is a mismatch in the N-bit TCI indicator between the old BWP and new BWP, the N bits can be discarded and the QCL assumptions interpreted accordingly based on the old BWP during the transition window.
Based on the above discussions we have the following proposal.
[bookmark: _Toc513834894]Proposal 10: A Transition Window shall be specified in the BWP switch, wherein during the Transition window the QCL assumptions for reception of DL Control and Data and transmission of UL control and Data in the new BWP are based on the QCL assumptions derived from the RSs in the old BWP. 
[bookmark: _Toc513834895]Proposal 11: A simple rule can be specified to interpret the TCI states for Control/Data during the Transition Window. Transition window can be defined to have a length spanning the start of reception in the new BWP to the first RS transmission occasion in the new BWP.

[bookmark: _Ref506512228]CSI Measurement and SRS
(This section is based on resubmission of R1-1802844)
In RAN1 #91, the follow agreement as made [1]:
· A UE is expected to perform CSI measurement only within its active DL BWP at the time when the measurement occurs
In RAN1 #92, the following agreement was made [7] :

· SRS resource set configuration is supported per BWP. SRS is always transmitted in an active BWP within an active CC.

Consideration for SRS should be consistent with CSI measurement, because SRS achieves similar functionality but exploits channel reciprocity for TDD. The following should be considered:
· SRS should correspond only to the active DL BWP
· But SRS is transmitted on UL, there are two possible configurations:
1. UL BWP is a superset of DL BWP for the BWP pair:
· No issue, send SRS on frequency range of DL BWP in the UL direction.
2. UL BWP is a proper subset of DL BWP for the BWP pair:
· Allow sending SRS outside of UL BWP, but still within the frequency range of DL BWP.
· To support this, implicit gap for UL BWP switching needs to be specified.
	Configuration 1:
[image: ]                            [image: ]
	Configuration 2:
[image: ]



In order to simplify implementation and specification effort, we propose supporting configuration (1) only for Rel-15.
[bookmark: _Toc498701145][bookmark: _Toc498702920][bookmark: _Toc498711164][bookmark: _Toc498712641][bookmark: _Toc498712709][bookmark: _Toc498714481][bookmark: _Toc498715967][bookmark: _Toc498716641][bookmark: _Toc498717147][bookmark: _Toc498717286][bookmark: _Toc498717532][bookmark: _Toc498720182][bookmark: _Toc503105506][bookmark: _Toc503105518][bookmark: _Toc503105528][bookmark: _Toc503105645][bookmark: _Toc503260715][bookmark: _Toc503267957][bookmark: _Toc503268138][bookmark: _Toc503268188][bookmark: _Toc503268216][bookmark: _Toc503282492][bookmark: _Toc503313772][bookmark: _Toc503464742][bookmark: _Toc503486494][bookmark: _Toc503488674][bookmark: _Toc503489508][bookmark: _Toc503490977][bookmark: _Toc503491316][bookmark: _Toc503534860][bookmark: _Toc503538745][bookmark: _Toc503539929][bookmark: _Toc503539995][bookmark: _Toc503542173][bookmark: _Toc503545878][bookmark: _Toc503545894][bookmark: _Toc503547087][bookmark: _Toc503547220][bookmark: _Toc503547799][bookmark: _Toc503552108][bookmark: _Toc503553231][bookmark: _Toc513834896]Proposal 12: For Rel-15, for unpaired spectrum and if SRS feature is enabled, do not support the BWP pair configuration where the UL BWP frequency range is not a superset of that of the DL BWP.


UE Feature Related
[bookmark: _Ref506512193]BWP Adaptation Option Types
Basic BWP operation refers to a single pair of DL/UL BWP configuration, and does not support dynamic BWP switching based on DCI. Support is mandatory.
6-1: Basic BWP operation
· 1 UE-specific RRC configured DL BWP per carrier
· 1 UE-specific RRC configured UL BWP per carrier
· RRC reconfiguration of any parameters related to BWP
Next level of complexity for BWP operation is associated with supporting BWP adaptation by dynamic BWP switching. Also, in terms of BWP configuration, whether common search space, PRACH resource, SSB are configured within each BWP or not, greatly affects the complexity of the implementation on both the gNB and UE side. In addition, BWP-specific configuration, such as CORESET and associated PDCCH search spaces, PUCCH resources, also has significant impact to the implementation complexity.
Type A was proposed to support a greatly simplified configuration mainly for UE power saving objective, and Type B supports full-fledged BWP adaptation.
6-2: Type A BWP adaptation
· Up to 2 UE-specific RRC configured DL BWPs per carrier
· Up to 2 UE-specific RRC configured UL BWPs per carrier
· Active BWP switching by DCI and timer
· Same numerology for all the UE-specific RRC configured BWPs per carrier
· BW of each BWP includes BW of the same initial DL BWP and cell-defining SSB if there is an initial DL BWP in a carrier
The highlighted part above is a clarification in case SSB is not within the initial DL BWP. Also, the following addition should also be considered:
· For TDD, the frequency range of UL BWP is a superset of its paired DL BWP
This is mainly motivated by simplified SRS operation. Also, if UL BWP has wide bandwidth, UL spectrum fragmentation issue can be alleviated.
[bookmark: _Toc494741492][bookmark: _Toc494742686][bookmark: _Toc494742969][bookmark: _Toc494743448][bookmark: _Toc494743595][bookmark: _Toc494744792][bookmark: _Toc494748372][bookmark: _Toc494743632][bookmark: _Toc498633825][bookmark: _Toc498634115][bookmark: _Toc498648444][bookmark: _Toc498648607][bookmark: _Toc498701154][bookmark: _Toc498702930][bookmark: _Toc498711174][bookmark: _Toc498712651][bookmark: _Toc498712719][bookmark: _Toc498714492][bookmark: _Toc498715979][bookmark: _Toc498716653][bookmark: _Toc498717159][bookmark: _Toc498717298][bookmark: _Toc498717544][bookmark: _Toc498720194][bookmark: _Toc503105513][bookmark: _Toc503105525][bookmark: _Toc503105535][bookmark: _Toc503105652][bookmark: _Toc503260721][bookmark: _Toc503267963][bookmark: _Toc503268144][bookmark: _Toc503268194][bookmark: _Toc503268222][bookmark: _Toc503282500][bookmark: _Toc503313782][bookmark: _Toc503464753][bookmark: _Toc503486508][bookmark: _Toc503488689][bookmark: _Toc503489522][bookmark: _Toc503490991][bookmark: _Toc503491330][bookmark: _Toc503534874][bookmark: _Toc503538759][bookmark: _Toc503539943][bookmark: _Toc503540009][bookmark: _Toc503542187][bookmark: _Toc503545892][bookmark: _Toc503545908][bookmark: _Toc503547101][bookmark: _Toc503547234][bookmark: _Toc503547813][bookmark: _Toc503552122][bookmark: _Toc503553245][bookmark: _Toc513834897]Proposal 13: For Rel-15, introduce Type A BWP adaptation as an UE feature as described.

It is reasonable to expect that going from feature 6-1 to 6-2 corresponds to gradually increasing implementation complexity. By this principle, it makes sense to apply a subset of conditions of Type A BWP adaptation to Basic BWP operation. For consistency we propose to add the following condition to 6-1: Basic BWP operation:
[bookmark: _Toc513834898]Proposal 14: Add the following condition to UE feature 6-1 Basic BWP operation: “BW of RRC configured DL BWP includes BW of the same initial DL BWP and cell-defining SSB if there is an initial DL BWP in a carrier”
Without this condition, basic BWP operation has to deal with the case where SSB may not be present in the active DL BWP and it is unclear how RLM operation can be performed. Another benefit is that RMSI CORESET (i.e. CORESET 0) can be monitored in the active DL BWP, avoiding the need to switch to the initial DL BWP. 

BWP Bandwidth Configuration Granularity
In RAN1 #90bis, the following agreement on BWP configuration was made:
· A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity as follows
· Granularity of starting frequency location: 1 PRB
· Granularity of bandwidth size: 1 PRB
· Note: The above granularity doesn’t imply that a UE shall adapt its RF channel bandwidth accordingly
More recently, RAN4 had agreed that only BWPs with bandwidth same as the channel bandwidths set will be tested. From use case point of view, especially for UE power saving use case, it is unclear why coarse bandwidth granularity based on the channel bandwidths set would not be sufficient.
BWP configuration is part of RRC configuration and is defined in RAN2 specification. PRB granularity for BWP bandwidth configuration should be revisited by RAN1/2/4.
[bookmark: _Toc513834899]Proposal 15: BWP bandwidth configuration can be limited to the set of component carrier bandwidths currently defined in RAN4 for Rel-15. The granularity for RRC signaling can still remain to be PRB level, so no change is needed in RRC signaling. Additional bandwidth settings can be added for Rel-16.

On the RAN1 #91 Working Assumptions
There was some email discussion suggesting to confirm the following two working assumptions:
Agreements:
1. C-SS in each DL BWP of the PCell/PScell
0. On C-SS, Yp ,kp= 0.
0. In Rel.15, 
1. For scheduling RMSI, OSI, Paging, UE monitors common search space in the PCell only
1. In addition, for random access and fall back, UE monitors common search space in the PCell and PSCell only
0. Working assumption: The UE is not expected to be configured without C-SS on the PCell (PSCell) in the active DL BWP 
0. NOTE: RAN1 does not expect additional impact on the UE behavior due to not having PRACH resource in the BWP
0. Working assumption: In Rel.15, 
2. A UE is expected to monitor C-SS (if configured) in the activated BWP
2. Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling.
2. All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.

Our view is that these working assumptions provided guidance for further specification work, and RAN2 has done further work based on these working assumptions. While these working assumptions help to define the UE expectation: i.e. what UE expects to handle and otherwise, from the perspective of the NW, it does not have to be restricted to configuring the system as mandated by the working assumptions, as long as the NW understands what the UE expects and is able to accommodate.
In addition, the following RAN1 agreement should be considered alongside above working assumptions:
Agreement: (RAN1 NR AH#1706)
1. At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
1. Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
3. In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space

The following is one example of recent RAN2 agreement on the same aspect:
RAN2 #101 Agreements:
·  Monitoring of paging by the UE and SI reception by the UE is only for the NR PCell while the UE is in connected mode.

·  Provision of SI required for the connected mode UEs by dedicated signalling is an option for the network.

·  UE acquires SI broadcast required for the connected mode UE from within the UE's active BWP, if it is provided. (Paging is also provided in UE's active BWP as previously agreed). If it is not provided in the UE's active BWP then the UE does not acquire SI broadcast from within that BWP (i.e. the UE does not switch active BWP autonomously for reception of SI broadcast).
· RRC_CONNECTED UE monitors for SI update notification in any paging occasion (if the UE is provided with common search space to monitor paging in connected)
We don’t see the need to confirm the working assumptions as is.

Conclusions
We discussed some of the remaining issues on BWP. The following observations and proposals have been made:

Observation 1: For Type 1 allocation, straight-forward application of DCI bit-field truncation/zero-padding rule to frequency-domain resource allocation field would result in resource allocation limitation that can be highly undesirable.
Observation 2: Applying the DCI field transformation rule, when the number of bits in the time-domain resource allocation field is not sufficient to address all the rows in the new BWP’s table, UE expects only the lower-indexed rows, i.e. starting from the first row, can be addressed.
Observation 3: Applying the DCI field transformation rule, when the number of bits in the time-domain resource allocation field contain too many bits for the new BWP’s table, UE expects that only the lower bits are used to sufficiently address all rows in the new BWP’s table.
Observation 4: DCI Format 1-1 indicating BWP switch is considered to be in effect from the end of last OFDM symbol of the PDCCH carrying DCI to the end of the last symbol of the expected HARQ-ACK corresponding to the PDSCH scheduled by the DCI.
Observation 5: DCI Format 0-1 indicating BWP switch is considered to be in effect from the end of last OFDM symbol of the PDCCH carrying the DCI to the end of the last symbol of the expected PUSCH scheduled by the DCI.

Proposal 1: When transforming a DCI field which has zero size in the current BWP to a field with non-zero size in the new BWP, the zero-padding rule works for most fields, but there are exceptions for which default behavior should be explicitly defined. These exceptions should be carefully identified.
Proposal 2: For cross-BWP scheduling, time-domain resource allocation field size is determined based on current BWP, and the new BWP’s table (pdsch-symbolAllocation or pusch-symbolAllocation) is used.
Proposal 3: For cross-BWP scheduling and in case the BWPs have different numerology, the new BWP’s numerology is used for interpretation of k0 or k2 (for DCI Format 1-1 or 0-1 respectively).
Proposal 4: Add support for null-assignment for BWP switch DCI.
Proposal 5:  For a cell, a UE is not expected to receive a 2nd BWP switching DCI for any link direction before it completes the transmission of HARQ-ACK corresponding to a 1st BWP switching DCI which is for the DL direction.
Proposal 6: For a cell, a UE is not expected to receive a 2nd BWP switching DCI for any link direction before it completes the transmission of PUSCH corresponding to a 1st BWP switching DCI which is for the UL direction.
Proposal 7: For unpaired spectrum operation, SRS request triggered by DCI Format 0-1 or 1-1 is dropped during or after a BWP switch.
Proposal 8: Upon DL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
Proposal 9: Upon UL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
Proposal 10: A Transition Window shall be specified in the BWP switch, wherein during the Transition window the QCL assumptions for reception of DL Control and Data and transmission of UL control and Data in the new BWP are based on the QCL assumptions derived from the RSs in the old BWP.
Proposal 11: A simple rule can be specified to interpret the TCI states for Control/Data during the Transition Window. Transition window can be defined to have a length spanning the start of reception in the new BWP to the first RS transmission occasion in the new BWP.
Proposal 12: For Rel-15, for unpaired spectrum and if SRS feature is enabled, do not support the BWP pair configuration where the UL BWP frequency range is not a superset of that of the DL BWP.
Proposal 13: For Rel-15, introduce Type A BWP adaptation as an UE feature as described.
Proposal 14: Add the following condition to UE feature 6-1 Basic BWP operation: “BW of RRC configured DL BWP includes BW of the same initial DL BWP and cell-defining SSB if there is an initial DL BWP in a carrier”
Proposal 15: BWP bandwidth configuration can be limited to the set of component carrier bandwidths currently defined in RAN4 for Rel-15. The granularity for RRC signaling can still remain to be PRB level, so no change is needed in RRC signaling. Additional bandwidth settings can be added for Rel-16.
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Appendix
[bookmark: _Ref506306571][bookmark: _Ref510687668]Analysis of DCI Field Transformation
(This section is based on resubmissions [5] )
Our approach for the analysis is as follows:
1. Determine the DCI fields in Format 0_1 and 1_1 whose sizes are dependent on BWP configuration or RRC parameters which can be BWP-specific
2. Evaluate the impact of applying DCI field transformation, and highlight any major issues
3. Recommend potential solutions addressing the identified issues

Summary of DL scheduling DCI (Format 1-1) fields with BWP-dependent size
	
	Size (bits)
	RRC param dependence
	Present in fallback (Format 1-0)
	Impact of mismatched size (i.e. small to large by zero-padding)

	Freq-domain resource assignment 
	(See Section 2.1.3 for detail discussion)
	Y
	Some PRB may not be schedulable

	Time-domain resource assignment
	0,1,2,3,4
	pdsch-symbolAllocation
	Y (fixed to 4 bits)
	Index to a configurable table. Limited k0, SLIV, PDSCH type combinations may be supported. Transformation rule works in general but need some clarifications (discussed more in Section 2.1.4).

	VRB-to-PRB mapping
	0,1
	Resource-allocation-config
	Y (fixed to 1 bit)
	May force no VRB-to-PRB mapping, which is okay

	PRB bundling size indicator
	0,1
	PRB_bundling
	N
	May force choosing some particular PRG value

	Rate matching indicator
	0,1,2
	rate-match-PDSCH-resource-set (per BWP or per cell depending on type)
	N
	This may result in wrong rate matching, potentially decoding failure and corruption of HARQ soft buffer.

	ZP CSI-RS trigger
	0,1,2
	ZP-CSI-RS-ResourceConfigList
	N
	Index to a configurable table. NW should put the most versatile configurations in the top entries, but this may not be sufficient.

	MCS/NDI/RV
	(5+1+2) x1 or x2
	Number-MCS-HARQ-DL-DCI
	Y (but only single codeword)
	If current BWP has <=4 layers, and new BWP has >4 layers, this means 2nd codeword cannot be scheduled. Need special handling rule.

	Antenna ports
	4,5,6
	DL-DMRS-config-type, DL-DMRS-max-len
	N
	Index to fixed tables defined in the spec. May result in limitation in selection of CDM group, DMRS ports, number of front-loaded symbols

	Transmission configuration indication (TCI)
	0,3
	tci-PresentInDCI
	N
	For 0 -> 3 bits mapping, special handling to assume the disabled case.



Summary of UL scheduling DCI (Format 0-1) fields with BWP-dependent size
	
	Size (bits)
	RRC param dependence
	Present in fallback (Format 1-0)
	Impact of mismatched size (small to large by zero-padding)

	Freq-domain resource assignment 
	(See Section 2.1.3 for detail discussion)
	Y
	Some PRB may not be schedulable

	Time-domain resource assignment
	0,1,2,3,4
	pusch-symbolAllocation
	Y (fixed to 4 bits)
	Index to a configurable table. Limited k2, SLIV, PUSCH mapping type combinations may be supported. Transformation rule works in general but need some clarifications (discussed more in Section 2.1.4).

	VRB-to-PRB mapping
	0,1
	Resource-allocation-config, PUSCH-tp
	N
	May force no VRB-to-PRB mapping, which is okay

	Frequency hopping flag
	0,1
	Resource-allocation-config
	N
	May force no frequency hopping, which is okay

	SRS resource indicator
	x , y
(at least 1 bit)
	General guidance is that SRS should be per BWP.

x = 

y = 
	N
	Index to fixed tables defined in the spec. May result in severe limitation on the SRS resources that can be indicated for UL transmission.

	Precoding information and number of layers
	0 to 6
	ulTxConfig, PUSCH-tp, ULmaxRank, ULCodebookSubset
	N
	Index to fixed tables defined in the spec. May result in limitation in # layers, TPMI

	Antenna ports
	2,3,4,5
	PUSCH-tp, UL-DMRS-config-type, UL-DMRS-max-len
	N
	Index to fixed tables defined in the spec. May result in limitation in selection of CDM group, DMRS ports, # front-loaded sym.

	CSI request
	0,1,2,3,4,5,6
	ReportTriggerSize (in CSI-MeasConfig)
	N
	Various degree of limitation on CSI request: 0 means no A-CSI request. 1 bit for either no aperiodic triggering or one CSI-RS trigger, etc.

	PTRS-DMRS
	0,2
	UL-PTRS-present, PUSCH-tp
	N
	Index to fixed tables defined in the spec. May result in use of first row only, leading to limitation on DMRS port, etc.

	Beta_offset
	0,2
	uci-on-PUSCH
	N
	Index to a configurable table. NW should put the most versatile configurations in the top entries, but may not be always feasible.

	DMRS sequence initialization
	0,1
	PUSCH-tp
	N
	May not be able to do non-orthogonal MU-MIMO



Several observations can be made about DCI fields for Format 1_1 and 0_1:
· Significant percentage of the DCI fields have sizes which are dependent on BWP
· 11 out of 24 fields for Format 0-1
· 9 out of 22 fields for Format 1-1
· For majority of those fields, when a field with small size in current BWP is used to schedule in new BWP expecting large field size, applying the transformation rule of zero-padding may result in major limitations:
· For example, limited rank, layers, TPMI, DMRS ports, limited CSI request, no VRB-to-PRB mapping, no frequency hopping, no non-orthogonal MU-MIMO, invalid MCS/NDI/RV, etc
· For a few critical fields, the impact of the limitation may result in erroneous operation:
· Rate matching indicator (DL), SRS resource indicator (UL)
· It is expected that for typical BWP configuration, majority of those BWP-dependent DCI fields would actually have the same size across BWP, and cross-BWP scheduling should work fine.

Text Proposals
Frequency-domain RA field transformation
---- Text Proposal for 38.213 ----
12 Bandwidth part operation
<…omitted… >
If a bandwidth part indicator field 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 
<…omitted…>
- 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 uses 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;
- for the frequency domain resource assignment field, the Type 0/1 indication, if exists, should be removed from the information field prior to truncation or zero-padding. In case both Type 0/1 allocation is configured for the BWP indicated by bandwidth part indicator, the MSB of the information field after truncation or zero-padding is converted into the Type 0/1 indication according to [7.3.1.1.2 and 7.3.1.2.2, TS 38.212].

---- End of Text Proposal ----

Agreements not yet captured
The following agreements are missing in the specification.
Agreements: (RAN1#92)
1. A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
0. 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
0. 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

Agreements: (RAN1#92bis)
1. 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.

---- Text Proposal for 38.213 ----
12 Bandwidth part operation
<…omitted… >
A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.
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, 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, 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.
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 (TBD)] to the UE based on the UE’s capability.

---- End of Text Proposal ----
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