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1   Introduction
Bandwidth part (BWP) operation enables reduced UE bandwidth capability within a wideband carrier and reduced UE power energy consumption by bandwidth adaptation. It has been intensively discussed in RAN1 and briefly discussed in RAN2. In this contribution, we discuss the further impact on RAN2 based on the latest agreements in RAN1 and RAN2.
2   Discussion
2.1   BWP operation & configuration
In NR, each bandwidth part is associated with a specific numerology (e.g., sub-carrier spacing, CP type). A UE in RRC_CONNECTED can be configured with one or more multiple BWP configurations. At least one DL BWP and one UL BWP are active among the set of configured BWPs in Rel-15. RAN1 and RAN2 have agreed the following for BWP configuration:
Agreements in RAN1#91 [1]:
· NR supports RMSI CORESET configuration such that the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in different time instances is confined within minimum carrier bandwidth

· NR supports RMSI CORESET configuration such that the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in the same time instance or different time instances is confined within UE minimum bandwidth 

· Note: the above doesn’t prohibit the case when the SS/PBCH blocks are fully contained within the initial active DL BWP containing RMSI CORESET

Agreements in RAN1#90 [2]:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· 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 in RAN2#99bis [3]:
Agreements for BWP operation in CONNECTED mode:

1:
BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.

2a:
RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 

2b
RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)

3
For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')

4
Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.

5
Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

Based on the above agreements, the operation and characteristics of the initial active BWP, default BWP, and active BWP in our understanding are:

· Initial active BWP

· There is an initial active DL/UL BWP pair to be valid for a UE until the UE is explicitly (re)configured with BWP(s) during or after RRC connection is established.
· Initial DL BWP is determined from the remaining system information (RMSI) CORESET configuration signalled in physical broadcast channel (PBCH) in PCell.
· Default BWP

· The default DL BWP (or the default DL/UL BWP pair) can be the initial DL BWP in PCell; or

· The default DL BWP (or the default DL/UL BWP pair) includes at least one CORESET with common search space monitored with a certain periodicity in PCell/PSCell.

· There can be more than one default BWPs.
· Active BWP

· A UE is only assumed to receive/transmit within active DL/UL BWP(s).
· Each configured DL BWP includes at least one CORESET with UE-specific search space at a given time per wideband CC. 
To be more specific, there is one or multiple BWP configurations for each component carrier can be semi-statically signalled to a UE. 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 configuration of a BWP, a UE may be configured by the RRC dedicated signalling during or after RRC connection is established.
Observation 1: In addition to initial active BWP, the default BWP and active BWP should be semi-statically (re)configured by RRC signalling during or after RRC connection is established.
Proposal 1: RRC connection establishment and/or reconfiguration signalling can be reused to (re)configure for multiple BWPs. There's no need to introduce a new signalling for BWP configuration.
2.2   Timer-based active BWP switching
After BWP (re)configuration, a switching timer (e.g., BWPInactivityTimer) can be used to switch the active BWP to the default BWP for reducing UE power consumption. Regarding the timer switching issue, some agreements were made in RAN1 and RAN2:
Agreements in 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 in RAN1#90bis [4]:
· For an Scell, a UE can be configured with the following:

· a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, along with a default DL BWP (or the default DL/UL BWP pair) which is used when the timer is expired

· The default DL BWP can be different from the first active DL BWP

· For Pcell, the default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE

· If no default DL BWP is configured, the default DL BWP is the initial active DL BWP
Agreements in RAN2#100 [5]:
	Agreements:

1. The UE behavior on the active BWP includes the followings:
1. PDCCH monitoring on the BWP

2. PUCCH transmission on the BWP, if configured.

3. PUSCH transmission on the BWP
4. PRACH transmission on the BWP, if configured.

5. PDSCH reception on the BWP
2. For PCell/SCell, no additional activation step is required to activate a BWP when PCell is newly added (i.e. PCell/Scell is always configured with an active BWP)
3. There is no case that a cell is active with no active BWP.
4. BWP switching cannot occur during RA procedure for RRC Connection establishment
5. During CFRA the network doesn’t perform BWP switching.  FFS on the impact of beam recovery.  
6. The UE stops the BWP timer when it initiates random access procedure
7. For contention based, some UL BWP are configured with PRACH resources.  The UE performs RACH on the active BWP if configured with RACH resources.  If not configured the UE uses initial UL/DL BWP.   It is recommended for the network to configure RACH resources on active BWP.   If the UE switches to initial BWP it stays there until told by the network to switch with a DCI.   

8. When a BWP switch command is received while the UE is doing CBRA, it is up to UE implementation whether it switches BWP, stops the RA and start in new BWP or whether it ignores the BWP switch command and continues the RA in the BWP where it started.   

9. There is no additional text required to specify the UE behaviour for the BWP switching during SR procedure. Only the PUCCH resources on the activated BWP can be considered valid.
10. BWP switching either by DCI or BWP timer does not impact any running drx-InactivityTimer or drx-onDurationTimer
11. No new PHR trigger condition is required for BWP switching
12. There is one HARQ entity per serving cell even with there are multiple BWPs configured for a serving cell.
13. The BWP timer is specified in the MAC 


According to the above agreements, for resource utilization and UE power optimization purpose, a gNB is allowed to reconfigure the active BWP based on the data rate required and there is a switching timer for timer-based active DL BWP (or DL/UL BWP pair) switching. For instance, without receiving any DCI, it is allowed a UE switches from the active DL BWP to the default DL BWP by the BWPInactivityTimer. That is to say the UE starts the BWPInactivityTimer when it switches to an active DL BWP other than the default DL BWP. The UE restarts the BWPInactivityTimer when it receives a DCI scheduling PDSCH reception in the active DL BWP. The UE switches to the default DL BWP when the BWPInactivityTimer expires. It should be notes that the switching timer length will impact to the UE power consumption. Although the switching timer is agreed to specify in the MAC, we suggest the switching timer is a default value and be (re)configurable.
Proposal 2: The switching timer is a default value and be (re)configurable.
Proposal 3: If Proposal 2 is agreed, RAN2 should discuss whether the RRC signalling can be reused for (re)configuring the switching timer.
2.3   Random access procedure
Based on RAN2#100 agreements, the UE behavior on the active BWP includes PRACH transmission on the BWP, if configured. In other words, for contention based, some UL BWPs are configured with PRACH resources.  The UE performs RACH on the active BWP if configured with RACH resources.  If not configured the UE uses initial UL/DL BWP. In RAN1#91 and #90bis agreements, in Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP. From UE perspective, all available FDMed PRACH transmissions occasions for initial access are configured within the initial active uplink BWP. That is to say more than one DL BWP is configured with common search space. Since the gNB cannot identify which UE transmitted the RA preamble, and it does not know which DL BWP is the active DL BWP of the UE to which the RAR responds to. Hence, the gNB has to transmit RAR in all DL BWPs configured with common search space, which is inefficient in terms of DL resource utilization.
Observation 2: The gNB needs to transmit RAR in all DL BWPs configured with common search space, which is inefficient in terms of DL resource utilization.
To enhance DL resource utilization efficiency while more than one DL BWP is configured with common search space, the following two alternative methods can be discussed.
Alt.1:
Configure the same number of UL BWPs with PRACH resources as the number of DL BWPs with common search space so that simple one-to-one mapping of DL and UL BWP can be used. Therefore, the gNB could transmit RAR and msg4 on the DL BWP associated with the UL BWP in which random access preamble is received. This method is especially beneficial for TDD case, since UE does not have to switch BWP for transmitting and receiving all 4 messages during random access procedure.
Alt.2:
Partition and associate PRACH resources in initial active UL BWP with the DL BWPs configured with common search space.

Alt.2-1:
Partition the TDMed RACH occasions within a RACH slot to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within a RACH slot is one-to-one mapped to the DL BWPs with common search space. However, for some PRACH format, e.g., format A1, B1, the number of RACH occasions within a RACH slot is 6, therefore, 4 DL BWPs with common search space cannot be supported without further partitioning PRACH preambles in a RACH occasion (assuming no FDMed RACH occasions).

Alt.2-2:

Partition the RACH occasions, including FDMed RACH occasions within a RACH slot to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within a RACH slot is one-to-one mapped to the DL BWPs with common search space. For this method, since FDMed RACH occasion is taken into account, more combination of PRACH resource configuration and the DL BWP with common search space is available without the need for partitioning PRACH preambles in a RACH occasion.

Alt.2-3:

Partition the FDMed RACH occasions within a TDMed RACH occasion to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within a PRACH transmission occasion is one-to-one mapped to the DL BWPs with common search space. For this method, at most 4 FDMed RACH occasions have to be configured, if partitioning PRACH preambles in a RACH occasion is to be avoided. Although more frequency resource for PRACH is required, it is less likely that the partitioned PRACH resource associated with the active DL BWP is not the same as the PRACH resource determined by the SSB-to-RACH occasion mapping. That is, at least for the case where all FDMed PRACH resource is mapped to the same SSB, there will be no mismatch, as opposed to Alt.2-1 and Alt.2-2.

Alt.2-4:

Partition the PRACH preambles in each RACH occasion to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within each RACH occasion is one-to-one mapped to the DL BWPs with common search space. In other words, there is specific preamble transmission mapped to specific DL BWP. For this method, less number of PRACH preambles is available per DL BWP. Nonetheless, no mismatch between RACH occasion associated with the UE’s active DL BWP and the RACH occasion determined from the SSB-to-RACH occasion mapping will happen.
Based on the above discussion, if configuration of PRACH resources on active UL BWP other than initial active UL BWP is supported, Alt.1 should be used. On the other hand, if configuration of PRACH resources on active UL BWP other than initial active UL BWP is not supported, Alt.2 should be used. Specifically, considering the PRACH resource determined by the SSB-to-RACH occasion mapping and the PRACH resource determined by the associated active DL BWP may not be the same in Alt.2-1 and Alt.2-2, and considering that up to 4 FDMed RACH occasions may need to be configured in initial active UL BWP, which may result in PRACH overhead in Alt.2-3, we think that Alt.2-4 is a better solution.
Proposal 4: For DL resource utilization efficiency, simple one-to-one mapping of DL and UL BWP should be used while the UE performs RACH on the active BWP if configured with RACH resources.
Proposal 5: For DL resource utilization efficiency, specific preamble transmission mapped to specific DL BWP should be used while the UE performs RACH on the initial active BWP.

Proposal 6: If Proposal 4 or 5 is agreed, RAN2 should discuss whether the RRC signalling can be reused for (re)configuring the DL/UL BWP RACH resource mapping.

3   Conclusion

Based on the discussion above, we kindly ask RAN2 to discuss and agree on the following proposals:
Observation 1: In addition to initial active BWP, the default BWP and active BWP should be semi-statically (re)configured by RRC signalling during or after RRC connection is established.
Proposal 1: RRC connection establishment and/or reconfiguration signalling can be reused to (re)configure for multiple BWPs. There's no need to introduce a new signalling for BWP configuration.
Proposal 2: The switching timer is a default value and be (re)configurable.
Proposal 3: If Proposal 2 is agreed, RAN2 should discuss whether the RRC signalling can be reused for (re)configuring the switching timer.

Observation 2: The gNB needs to transmit RAR in all DL BWPs configured with common search space, which is inefficient in terms of DL resource utilization.

Proposal 4: For DL resource utilization efficiency, simple one-to-one mapping of DL and UL BWP should be used while the UE performs RACH on the active BWP if configured with RACH resources.
Proposal 5: For DL resource utilization efficiency, specific preamble transmission mapped to specific DL BWP should be used while the UE performs RACH on the initial active BWP.

Proposal 6: If Proposal 4 or 5 is agreed, RAN2 should discuss whether the RRC signalling can be reused for (re)configuring the DL/UL BWP RACH resource mapping.
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