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Overview
In this contribution, we will discuss some of the remaining issues on BWP. One remaining major issue is DCI signaling design for active BWP switching. Also, BWP transition rules and QCL assumptions during BWP switch are discussed. Finally, UE feature for BWP adaptation option types is discussed. Section 5.1 is from resubmission of R1-1802844 and is in the Appendix for reference only. 

Discussion
[bookmark: _Ref506512084]DCI Signaling Design for Active BWP Switching
Background
In RAN1 #89, the following agreement was made [1], which implies that active BWP switching triggered by cross-BWP scheduling:
· In case of one active DL BWP for a given time instant, 
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.
· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

In RAN1 NR AH#3, the following agreement was made [2]:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell
· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)

Since then, the focus of discussion had been on the design of baseline DCI formats and contents until RAN1 #91, and the baseline DCI design was completed for the December release of the NR specification. In the following meeting, RAN1 NR AH1801, extensive discussion took place on the details of DCI signalling design for active BWP switching. During offline discussion, the following alternative had been considered for final down-selection [5]:
· Option 1
· DCI information relates to current BWP. DCI size determined by current BWP. PDSCH is received in current slot (or later slot in case of cross-slot scheduling)
· If BWP index differs from current BWP, then a new BWP is activated X us later (X depends on the BWP transition latency and possibly K0)
· A future DCI in the new BWP can schedule data using the new BWP
· Option 3b
· Sizes of all DCI bitfields determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· Zero-pad too small bitfields to match the new BWP
· Truncate too large bitfields to match the new BWP
· Option 3c
· (Same as Option 3b except with the following note added)
· Note: It is assumed that it is possible to switch BWP without scheduling data, e.g.  by scheduling using a null assignment
· Option 4
· If the UE is supposed to switch BWP no payload is scheduled

During online discussion, Option 3b was selected to be the working assumption [6], and companies were encouraged to find out if there are any serious issues, especially with the application of the DCI field transformation rules.

Assessment of the Design Options
The working assumption has not been revised during RAN1 #92.
In our contribution for last meeting, the options proposed and discussed during offline discussion were analysed [7]. The main tradeoffs could be summarized in the table below:
	
	Pros
	Cons

	Option 1
	- No DCI field size mismatch issue
- Payload efficient: Indication of BWP switch piggybacks on a scheduling DCI
	- Requires NW to schedule in current BWP in order to switch active BWP
- Overall latency for BWP switching can be worse

	Option 3b (working assumption)
	- NW can activate another BWP without scheduling data in the current BWP
- Payload efficient: Single DCI for scheduling and BWP switch indication
	- DCI field transformation may impose scheduling restrictions and increase complexity

	Option 3c
	- Same as Option 3b
- Flexibility to support null assignment in case of issues with transformation 
	- Null-assignment takes up control resources
- In case of UL grant /w null assignment, NW has no confirmation UE has received it

	Option 4
	- Overall BWP transition latency is similar to Option 3b
- Avoid issues associated with DCI field transformation
	- Similar to those of Option 3c (if implemented similar to null assignment)
- No support for scheduling & BWP switching with a single DCI



In this contribution, we will focus on the issues associated with the working assumption (Option 3b) and make recommendations for how to resolve them.

Working Assumption (Option 3b)
Main Benefits:
· NW can activate another BWP without scheduling data in the current BWP
· Single DCI for scheduling and BWP switch indication; No additional DL control resource is required
· Overall BWP transition latency (from PDCCH reception that triggers BWP switching, to BWP transition complete) can be quantized to slot, potentially supporting lowest best case end-to-end delay
· Compared to a scheme where some of the intermediate stages of BWP transition have to be individually slot-quantized
Potential Issues:
· DCI field transformation may impose scheduling restrictions and increase complexity
· 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.
· Extra error checking when applying truncation is feasible; See proposal below.
· For the same DCI field, transforming the content from a given field size to a larger required field size may have issues
· Please see Section 5.1 for detail discussion

[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.
In case of Type 0 resource allocation, the working assumption’s 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 [8]. During offline discussion in RAN1 #92, the following consensus has been submitted in [9]:
Conclusion: Resource allocation type 0 works with padding/truncation, at least when only resource allocation type 0 is configured. 
FFS: Need to correct resource allocation type 1. One possibility is to use the same mechanism as anyway needed by the DCI size format 0-0/1-0.

[bookmark: _Toc510816458]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. A special transformation rule should be devised.
One subtle modification of the rule is to interpret the zero-padded field content based on the current BWP instead of the new BWP. Then, it is guaranteed that the number of PRBs that the current BWP is sized for can be fully schedulable.
[bookmark: _Toc510816459]Proposal 1: At least for Type 1 allocation, the frequency-domain resource allocation field in a cross-BWP scheduling DCI is interpreted based on the current BWP. The physical resource block allocation is directly mapped to the new BWP.

There are two cases to consider for direct mapping of PRB allocation to the new BWP:
Case (a): The BWPs are nested in frequency
· This means the current BWP’s frequency range is a subset of the new BWP, or the other way around
· This includes the case for which both BWPs have the same bandwidth and are completely overlapping
· The RA field would be interpreted based on the current BWP, and PRB allocation (w.r.t. the CC) is then directly mapped to the new BWP
Case (b): The BWPs are not nested in frequency
· This means the BWPs are not overlapping in frequency, or only partially overlapping
· Even if the RA field is interpreted based on the current BWP, it cannot be always applied to the new BWP because the PRB allocation (w.r.t. the CC) may be fully or partially outside the frequency range of the new BWP.
· Some fixed alignment rule can be specified for this case, and then apply direct mapping of the PRB allocation

For Case (a), two scenarios are illustrated:
(1) Transitioning from a wider BWP to a narrower BWP
(2) Transitioning from a narrower BWP to a wider BWP
Above proposal, when applied to Scenario (1), i.e. wide-to-narrow-BWP transition, means that it is gNB responsibility to construct the content of the RA such that the PRB allocation (with respect to the component carrier) is not outside of the frequency range of the narrower BWP. This is applicable to both Type 1 or Type 0 resource allocation.
	Narrow-to-Wide BWP transition (2):
[image: ]
	Wide-to-narrow BWP transition (1):
[image: ]



Nested BWPs is an important use case for power saving. Basing the interpretation of RA on the current BWP offers a key advantage that the overlapping portion is fully schedulable by the BWP-switch-triggering DCI. Until updated CQI is available for the non-overlapping portion in the new BWP is available, there may not be much incentive to schedule outside of the overlapping portion, especially on the first slot after BWP transition.
For Case (b) where BWPs are not nested, directly mapping works based on some reference location; For example, the lowest frequency of the BWP, or a predefined offset within the new BWP.
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Even with special transformation rule defined for the frequency-domain resource assignment field, there still exists scheduling restriction for the NW, in the sense that it does not have full flexibility to schedule any number of PRBs anywhere within the new BWP. It may be “stuck” with an assignment that may hurt overall system capacity, for example, it may be forced to schedule in PRBs that results in fragmentation of the spectrum. For such cases, gNB would rather not schedule any data at all but would still be able to trigger BWP switch. Therefore, support for null-assignment is recommended.

Support for Null-Assignment
Case for null-assignment:
· 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.
· Certain fields are “non-transformable” or on the borderline (refer to Appendix 5.1) and if their sizes are configured differently for BWPs involved in BWP switching, use of null-assignment allows NW and UE to bypass the problematic fields.
· An alternative is to specify that “non-transformable” fields should be padded to some common size, at least across configured BWP.
· 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.

Mechanism to indicate null-assignment:
· Null-assignment can be indicated in the frequency domain resource allocation field as follows
· If type 0 allocation is configured, populate the RA field with all zeros
· If type 1 allocation is configured, populate the RA field with all 1’s in binary
· If both allocation types is configured, populate the RA field with all zeros (i.e. use type 0)
· Timeline needs to be defined for BWP switching triggered by scheduling DCI with null-assignment
· If timeline is significantly different from the case with real assignment, UE complexity may increase to support another timeline
· For simplicity, it can be proposed that the same timeline as scheduling with real assignment should be adopted (Examples illustrated in Figure 1 to Figure 4)
· For DL scheduling DCI with null assignment, at least the BWP ID and k0 information need to be read from the DCI payload
· For UL scheduling DCI with null assignment, at least the BWP ID and k2 information need to be read from the DCI payload

[bookmark: _Toc510816460]Proposal 2: Revise the working assumption by adding support for null-assignment for BWP switch DCI.
[bookmark: _Toc510816461]Proposal 3: If a UE identifies null assignment in a BWP switch DCI, it is expected to process at least the BWP ID field, the time domain resource assignment field, and in case of a DL scheduling DCI, also the PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator fields. The information is needed because UE should follow the same overall timeline as in the case of a real assignment. In case UE detects a DL scheduling DCI with null assignment, UE is also expected to transmit ACK in the indicated PUCCH resource respecting the original timeline. In addition, other DCI fields should be processed except the subset of fields not relevant for a null assignment, which should be further specified.

	[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
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[bookmark: _Ref506568464]Time-Domain Resource Assignment
[bookmark: _Hlk506558774]In current specification TS 38.214 [4], 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.
Based on the RAN1 #91 agreement [2] below, the values of k0 and k2 in the pdsch-symbolAllocation and pusch-symbolAllocation tables are limited to a choice of up to 4 different values for k0, and choice of up to 8 different values for k2, and the tables are BWP-specific.
· One table for UL, one table for DL configured by RRC in Rel-15
· Each table is up to 16 rows
· In the table, each row is configured by RRC with 
· K0 using 2 bits (for DL table),  K2 using 3 bits (for UL table)
· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
· PDSCH mapping type A or B

The DCI field transformation rule from the working assumption’s rule states “apply zero-padding/truncation to the field prior to interpreting the information fields for the new BWP.” Similar to frequency-domain resource allocation, the rule is incomplete when applied to the time-domain resource allocation field, and further details need to be determined to make it work. 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: _Toc510816462]Proposal 4: 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: _Toc510816463]Proposal 5: 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: _Toc510816464]Proposal 6: 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. In other words, truncation starts from the MSB.
[bookmark: _Toc510816465]Proposal 7: 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 [10]. 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):
[image: ]
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.

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 [10].
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

The objective of the above agreements is to keep the complexity of BWP switch in check. Along the same objective, 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. In order to prevent BWP switch DCIs from overlapping with each other, when a BWP switch DCI is “in effect”, another BWP switch DCI should not be issued. Also, 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: _Ref510743587][bookmark: _Toc510816466]Proposal 8: DCI Format 1-1 indicating BWP switch is considered to be in effect from the start of the BWP transition time to the end of the last symbol of the expected HARQ-ACK corresponding to the PDSCH scheduled by the DCI.
[bookmark: _Ref510743612][bookmark: _Toc510816467]Proposal 9: DCI Format 0-1 indicating BWP switch is considered to be in effect from the start of the BWP transition time to the end of the last symbol of the expected PUSCH scheduled by the DCI.
Note: BWP transition time is defined in aforementioned RAN1 #92 agreement.

[bookmark: _Ref510743590][bookmark: _Toc510816468]Proposal 10: 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.

Based on above proposals, it can be interpreted that for unpaired spectrum, at most only one BWP switch DCI is expected in any given slot. Furthermore, at most only one BWP switch DCI can be in effect at any time.
Some more clarification is needed for paired spectrum. For paired spectrum, there may be some timeline benefit in supporting both DL BWP switch DCI and a UL BWP switch DCI together in the same slot, in the sense that BWP can switch simultaneously in both link directions. Switching BWP on both link directions simultaneously is already supported for unpaired spectrum because BWP switch on one link direction would implicitly trigger BWP switch on the other link direction based on BWP pairing. One difference is that for paired spectrum, explicit DCIs for switching on both directions would be used. This does not violate above proposals (Proposal 8, Proposal 9, Proposal 10) because strictly speaking, a BWP switch DCI is in effect starting at the end of the symbol carrying the PDCCH. This would be the only scenario where more than one BWP switch DCI can be in effect at the same time. 
[image: ]
[bookmark: _Toc510816469]Proposal 11: For paired spectrum, DL BWP switch DCI and UL BWP switch DCI can be supported together in the same slot to switch BWP on both link directions simultaneously. 

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 and until the DL BWP switch DCI is no longer in effect. Similarly, if a UL BWP switch DCI is already in effect, UE is not expected to receive a DL BWP switch DCI. For example, the following conflict scenario would be disallowed by above proposals.
[image: ]
Across UL and DL BWP switch, in case the DCI size and format are the same across the old and new BWP, it is possible that UE can miss a BWP switch DCI and erroneously consider the subsequent scheduling DCI on the same link direction as indicating BWP switch. In this case, the k0 or k2 value may be insufficient for BWP switching delay. To handle this type of error scenarios, we have the following proposal.
[bookmark: _Toc510816470]Proposal 12: If the k0 or k2 indicated by a BWP switch DCI (scheduling DL or UL respectively) is not sufficient to accommodate the required BWP switching delay, UE can drop the BWP switch DCI.

[bookmark: _Hlk510502166]BWP switch may also cause dropping of scheduled transmissions and/or feedbacks. The following rules are proposed.
[bookmark: _Toc510816471]Proposal 13: If DL BWP transition starts between a DL scheduling DCI (which is not the DCI triggering DL BWP transition) and its corresponding PDSCH, the PDSCH is dropped. 
[bookmark: _Toc510816472]Proposal 14: If UL BWP transition starts between a UL scheduling DCI (which is not the DCI triggering UL BWP transition) and its corresponding PUSCH, the PUSCH is dropped. This also applies to the case when the UL scheduling DCI is associated with A-CSI request (including SP-CSI via PUSCH).
Similarly, the following rules for feedback and reporting are proposed.
[bookmark: _Toc510816473]Proposal 15: SRS request triggered by DCI Format 0-1 or 1-1 is dropped during or after a BWP switch.
[bookmark: _Toc510816474]Proposal 16: P-CSI reporting (including SP-CSI via PUCCH) is dropped during or after a BWP switch.


QCL Assumptions during BWP Switching
(Note: This is section is identical to the section with the same name in [11])
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: _Toc510816475]Proposal 17: 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: _Toc510816476]Proposal 18: 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 [3]:
· 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 [10] :

· 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: _Toc510816477]Proposal 19: 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.
For finer granularity in terms of increase in implementation complexity, we propose to further split the BWP adaptation feature into two tiers: Type A supports a greatly simplified configuration mainly for UE power saving objective, and Type B supports full-fledged BWP adaptation. According to UE feature discussion, the two tiers are differentiated by the following sub-feature sets.
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
· Same common search space for 2 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.

6-3: Type B BWP adaptation
· Up to 4 UE-specific RRC configured DL BWPs per carrier
· Up to 4 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

[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: _Toc510816478]Proposal 20: 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 6-3 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: _Toc510816479]Proposal 21: 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
[bookmark: _GoBack]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: _Toc510816480]Proposal 22: BWP bandwidth size granularity for RRC configuration should be revisited. It is not clear PRB granularity is still needed, given that RAN4 has agreed to test only BWP configured with bandwidth size among the channel bandwidths set.

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. A special transformation rule should be devised.

Proposal 1: At least for Type 1 allocation, the frequency-domain resource allocation field in a cross-BWP scheduling DCI is interpreted based on the current BWP. The physical resource block allocation is directly mapped to the new BWP.
Proposal 2: Revise the working assumption by adding support for null-assignment for BWP switch DCI.
Proposal 3: If a UE identifies null assignment in a BWP switch DCI, it is expected to process at least the BWP ID field, the time domain resource assignment field, and in case of a DL scheduling DCI, also the PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator fields. The information is needed because UE should follow the same overall timeline as in the case of a real assignment. In case UE detects a DL scheduling DCI with null assignment, UE is also expected to transmit ACK in the indicated PUCCH resource respecting the original timeline. In addition, other DCI fields should be processed except the subset of fields not relevant for a null assignment, which should be further specified.
Proposal 4: 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 5: 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.
Proposal 6: 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. In other words, truncation starts from the MSB.
Proposal 7: 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 8: DCI Format 1-1 indicating BWP switch is considered to be in effect from the start of the BWP transition time to the end of the last symbol of the expected HARQ-ACK corresponding to the PDSCH scheduled by the DCI.
Proposal 9: DCI Format 0-1 indicating BWP switch is considered to be in effect from the start of the BWP transition time to the end of the last symbol of the expected PUSCH scheduled by the DCI.
Proposal 10: 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.
Proposal 11: For paired spectrum, DL BWP switch DCI and UL BWP switch DCI can be supported together in the same slot to switch BWP on both link directions simultaneously.
Proposal 12: If the k0 or k2 indicated by a BWP switch DCI (scheduling DL or UL respectively) is not sufficient to accommodate the required BWP switching delay, UE can drop the BWP switch DCI.
Proposal 13: If DL BWP transition starts between a DL scheduling DCI (which is not the DCI triggering DL BWP transition) and its corresponding PDSCH, the PDSCH is dropped.
Proposal 14: If UL BWP transition starts between a UL scheduling DCI (which is not the DCI triggering UL BWP transition) and its corresponding PUSCH, the PUSCH is dropped. This also applies to the case when the UL scheduling DCI is associated with A-CSI request (including SP-CSI via PUSCH).
Proposal 15: SRS request triggered by DCI Format 0-1 or 1-1 is dropped during or after a BWP switch.
Proposal 16: P-CSI reporting (including SP-CSI via PUCCH) is dropped during or after a BWP switch.
Proposal 17: 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 18: 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 19: 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 20: For Rel-15, introduce Type A BWP adaptation as an UE feature as described.
Proposal 21: 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 22: BWP bandwidth size granularity for RRC configuration should be revisited. It is not clear PRB granularity is still needed, given that RAN4 has agreed to test only BWP configured with bandwidth size among the channel bandwidths set.
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Appendix
[bookmark: _Ref506306571][bookmark: _Ref510687668]Analysis of DCI Field Transformation
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 X bits)
	Index to a configurable table. Limited k0, SLIV, PDSCH type combinations may be supported. Requires special handling (discussed more in Section 2.1.5).

	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
	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 X bits)
	Index to a configurable table. Limited k2, SLIV, PUSCH mapping type combinations may be supported. Requires special handling (discussed more in Section 2.1.5).

	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
	0, x, y
	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
· Many of these are borderline for being considered “non-transformable” fields
· 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.
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