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Discussion 
1
Introduction 
The first version of RAN1 spec was finalized in RAN1#91 meeting. Through the whole Rel-15 RAN1 discussion, bandwidth part (BWP) operation was introduced as one of the new concept of NR, compared with LTE. In this paper, we provide our view on the expected RRM requirements regarding RAN1 LS R1-1721667 in BWP transition time.
2
Discussion on LS R1-1721667 
BWP has an extensive impact on different aspects in NR system. In previous RAN4 meetings, some measurement requirements already took BWP into account, e.g., intra-frequency measurement with gap. In last RAN1 meeting, an LS [1] was sent to inform RAN4 about RAN1 agreement on BWP transition time:
	Agreements:

· The value range of the transition time(s) of active BWP switching are up to RAN4 and it’s also up to RAN4 to decide whether the transition time(s) of active BWP switching is reported to the network as dedicated UE capability or not.


The LS actually askes for 2 actions in RAN4. One is to determine the transition time for BWP switching. The other is to decide whether capability for transition time is needed. We discuss these 2 actions in the following:
Transition time for BWP switch

There are 2 ways to trigger active BWP change. One is DCI based, and the other is timer based. The corresponding RAN1 agreements for the 2 types of triggering is provided in the Appendix. 
For DCI based BWP change, UE needs to 
1. Decode PDCCH: The required time is TPDCCH.
2. Re-calculate RF-related parameters for RF tuning preparation: The required time is Tpre-RF
3. Switch the RF to the corresponding frequency and BW: The required time is TRF-tuning.
4. Start monitoring PDCCH on new DL BWP
The corresponding actions and timing are also provided in Figure 1.
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Figure 1. UE actions and related timings for DCI-based active BWP switching
For timer-based BWP change, UE switches its BWP(s) when timer expires. The granularity of the timer is 1ms for FR1 and 0.5ms for FR2, according to RAN1 agreement. To align the behavior of all UEs, some detail should be further clarified.

· UE should only increase the timer at subframe boundaries in FR1 or half-subframe boundaries in FR2. 

· For FR1, UE increases the timer when UE cannot detect any PDCCH of all slots in a subframe. Otherwise, the time is reset. 

· For FR2, UE increases the timer when UE cannot detect any PDCCH of all slots in a half-subframe. Otherwise, the time is reset.
Some examples for different numerologies in FR1 and FR2 are shown in Figure 2 and Figure 3, respectively.
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Figure 2. Examples of timer behavior for different numerologies in FR1
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Figure 3. Examples of timer behavior for different numerologies in FR2
Observation 1: For timer-based active BWP switching, UE should only increase the timer at subframe or half-subframe boundaries.
UE needs to first finish the PDCCH decoding to know whether the timer should be increased or reset. Then, UE can only increase the timer at subframe or half-subframe boundaries. Therefore, the procedure of UE for timer-based BWP change is

1. Decode PDCCH 

2. Increment the timer at subframe or half-frame boundary
3. If timer expires, re-calculate RF-related parameters for RF tuning preparation: The required time is Tpre-RF
4. Switch the RF to the corresponding frequency and BW: The required time is TRF-tuning.
5. Start monitoring PDCCH on new BWP
The corresponding actions and timing are also provided in Figure 4.
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Figure 4. UE actions and related timings for timer-based active BWP switching
In order to allow network to know how early it can schedule UE on the new BWPs and let UE to know how late it should complete the switching, requirements are needed. Therefore, we suggest to specify requirements in RAN4 for BWP switching delay. 
Proposal 1: RAN4 to specify the delay requirements for DCI-based and timer-based BWP switching. 
· The total transition time for DCI-based switching is TPDCCH + Tpre-RF + TRF-tuning 

· The total transition time for DCI-based switching is Tpre-RF + TRF-tuning 

where
· TPDCCH is the time required for PDCCH decoding

· Tpre-RF is the time required for RF tuning preparation 

· TRF-tuning is the time required for RF tuning
On the other hand, since the BWP switching involves RF re-tuning, which will cause interruption on other LTE or NR serving cells. As provided in Figure 1 and Figure 4, during the time when UE is switching RF (TRF-tuning), the data reception and transmission on other serving carriers will be interrupted. Therefore, we also suggest to also specify requirements for interruption due to BWP switching. Note that the actual interruption time may varies in different scenarios. For an examples, 
· Numerologies of aggressor and victims, 
· Sync or async between the aggressor and victims, 
· Inter-band or intra-band CA (or DC) between the aggressor and victims. 
If significantly different interruption time are identified in different scenarios, the corresponding BWP transition time needs to take this into account.
Proposal 2: RAN4 to specify the interruption requirements for BWP switching. 
Transition time for BWP switch

Regarding the capability, RAN4 can first try to reach the consensus on the 3 component time units TPDCCH, Tpre-RF and TRF-tuning. If the values proposed by companies are really too diverse to agree on a single one, then capability bit can be introduced to accommodate different UE implementations. In our expectation, no additional UE capability is required for different transition time because the 3 component tum units were somehow discussed in either RAN1 or RAN4. But we are open to more discussions.
Proposal 3: Based on companies input on the required transition time, RAN4 can decide whether capability bits are needed.
4
Summary 
In this contribution, we discuss the BWP transition time based on the LS R1-1721667. We have the following observation and proposals
Observation 1: For timer-based active BWP switching, UE should only increase the timer at subframe or half-subframe boundaries.
Proposal 1: RAN4 to specify the delay requirements for DCI-based and timer-based BWP switching. 
· The total transition time for DCI-based switching is TPDCCH + Tpre-RF + TRF-tuning 

· The total transition time for DCI-based switching is Tpre-RF + TRF-tuning 

where

· TPDCCH is the time required for PDCCH decoding

· Tpre-RF is the time required for RF tuning preparation 

· TRF-tuning is the time required for RF tuning

Proposal 2: RAN4 to specify the interruption requirements for BWP switching.
Proposal 3: Based on companies input on the required transition time, RAN4 can decide whether capability bits are needed. 
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Appendix: RAN1 agreements 

BWP configuration

	Working assumption: (RAN1#88bis)

· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE

· A bandwidth part consists of a group of contiguous PRBs

· Reserved resources can be configured within the bandwidth part

· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE

· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth

· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties

· Numerology

· Frequency location (e.g. center frequency)

· Bandwidth (e.g. number of PRBs)

· Note that it is for RRC connected mode UE

· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time

· FFS neighbour cell RRM

Agreements: (RAN1#89)

· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

Agreements: (RAN1#89)

· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.

Agreement: (RAN1 2017 AH#2)
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS

· For TDD, separate sets of BWP configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS

· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL

Agreement: (RAN1 2017 AH#2)
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier

· 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

· 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

Agreement: (RAN1 2017 AH#2)

· In configuration of a BWP,

· A UE is configured with BWP in terms of PRBs. 

· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.

· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.

· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

Agreement: (RAN1#90bis)

· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching

· FFS whether or not to support a single DCI switching DL and UL BWP jointly

· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair

· Note: there is no additional restriction on DL BWP and UL BWP pairing

· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum

Agreement: (RAN1#90bis)
· For a UE, a configured DL (or UL) BWP may overlap in frequency domain with another configured DL (or UL) BWP in a serving cell

Agreement: (RAN1#90bis)
· For each serving cell, the maximal number of DL/UL BWP configurations is

· For paired spectrum: 4 DL BWPs and 4 UL BWPs

· For unpaired spectrum: 4 DL/UL BWP pairs

· For SUL: 4 UL BWPs

Agreement: (RAN1#90bis)
· In a serving cell where PUCCH is configured, each configured UL BWP includes PUCCH resources

Agreements: (RAN1#90bis)
· In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP

· FFS whether or not there are any additional UE behavior that needs to be specified

· In a serving cell, for a UE, common search space for group-common PDCCH (e.g. SFI, pre-emption indication, etc.) can be configured in each BWP

Agreements: (RAN1#90bis)
· 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

Conclusion: (RAN1#91)

· No change on DL/UL BWP pairing for unpaired spectrum in RAN1#90bis and it’s up to specification rapporteur’s decision on how to simplify the specification text as long as the linking between DL BWP and UL BWP sharing the same center frequency is kept.

Agreements: (RAN1#91)
· Semi-static configuration of the set of values of K0, the set of values of K1 and the set of values of K2 for a UE can be BWP-specific

· Note: there is no BWP-specific default value(s) defined for K0/K1/K2

Conclusion: (RAN1#91)

· There is no consensus to introduce BWP with size 0 in Rel-15 

· There is no consensus to introduce power saving BWP in Rel-15


Active BWP operation

	Agreements: (RAN1#89)

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements: (RAN1#90bis)

· For a UE, DCI format size itself is not part of RRC configuration irrespective of BWP activation & deactivation in a serving cell

· Note: DCI format size may still depend on different operations and/or configurations (if any) of different information fields in the DCI
Agreement: (RAN1#90bis MIMO)

· Following TRS BWs are supported in NR

· min(BWP, ~50RBs)

· FFS: BWP

· UE is not expected to receive TRS outside the BWP

· TRS RB position is configured by gNB

Agreement: (RAN1#90bis MIMO)

· TRS can be configured on a carrier or on an active BWP when SS block is not present

Conclusion: (RAN1#91)

· It’s up to RAN2’s decision on any remaining issues regarding to BWP operation interaction with C-DRX

· It’s also up to RAN2’s decision whether it’s necessary to define default UL BWP in paired spectrum

Agreements: (RAN1#91)

· Support HARQ retransmission across DL (UL) BWPs when a UE’s active DL (UL) BWP is switched


DCI-based & timer-based active BWP switching

	Agreements: (RAN1 #89)

· 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

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 

· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)

· Option #1: DCI (explicitly and/or implicitly) 

· Option #2: MAC CE

· Option #3: Time pattern (e.g. DRX like)

· Details FFS

Agreements: (RAN1 2017 AH#2)

· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 

· Possibility to activate in the bandwidth part configuration

· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]

· by means of DCI could mean

· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 

· FFS: according to configured time pattern

Agreements: (RAN1#90)

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

Agreements: (RAN1 2017 AH#3)

· 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)

Agreements: (RAN1#90bis)

· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP

· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP

· FFS other cases
· A UE switches its active DL BWP to the default DL BWP when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)
· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair

· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair

· FFS other cases
· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)
· FFS the range and granularity of the timer
Agreements: (RAN1#91)

· For timer-based active DL BWP (DL/UL BWP pair) switching,

· Granularity of the timer: 1 ms (subframe) for sub6, 0.5 ms (half-subframe) for mmWave

· Maximal time length of the timer: approximately 50 ms

· It’s up to RAN2’s decision on a set of exact values for the timer initial setting and whether or not to enable/disable the timer (e.g., via a very large timer value)

Agreements: (RAN1#91)

· The value range of the transition time(s) of active BWP switching are up to RAN4 and it’s also up to RAN4 to decide whether the transition time(s) of active BWP switching is reported to the network as dedicated UE capability or not.
Agreements: (RAN1#91)

· A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum

Agreements: (RAN1#91)

· In unpaired spectrum, for timer-based active DL/UL BWP pair switching, a UE restarts the timer to the initial value when the following additional conditions are met

· It detects a DCI scheduling PUSCH for its current active DL/UL BWP pair

· It’s RAN1’s understanding that the remaining issues of timer-based active DL BWP (DL/UL BWP pair) switching (e.g. additional timer restarting/expiration conditions, inter-action with RACH procedure and grant-free scheduling) will be discussed in RAN2


