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1. Introduction
In RAN2#99bis, the BWP issues were discussed and some agreements were made [1]:
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)
In this contribution, we discuss some aspects of the BWP set configuration for which we see some unclarity and provide our views on those issues.
2. Discussion
2.1
BWP set and switching
According to the RAN1 specification [2], the BWP set is defined for DL and UL, respectively. In each of BWP set, at most 4 BWPs are included and at most 1 BWP is active at a time in Rel-15.
	A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the serving cell a set of at most four bandwidth parts (BWPs) for receptions by the UE (DL BWP set) in a DL bandwidth and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL bandwidth for the serving cell. For paired spectrum operation, a DL BWP from the set of configured DL BWPs is linked to an UL BWP from the set of configured UL BWPs, where the DL BWP and the UL BWP have a same index in the respective sets. For paired spectrum operation, a UE can expect that the center frequency for a DL BWP is same as the center frequency for a UL BWP


The figure 1 is an example of BWP set consisting of 2 BWP, where the BWP1 provide SSB1 and the BWP2 does not provide SSB but may provide CSI-RS. According to the agreements in RAN1 and RAN2 so far [1-3], the gNB can configure this BWP set to a UE and switch the active BWP between BWP1 and BWP2 by PDCCH/DCI (e.g., scheduling DCI). Although many agreements on the BWP have been made, there are a lot of unclarity from RAN2 point of view, especially for RLM and RRM measurements, which are discussed in the following. Note that we consider the DL BWP only for simplicity.
[image: image1.png]Overall carrier

BWP1 (SSB1) BWP2 (No SSB)

BWP set




Fig.1: Example of BWP set configuration
Observation 1: In Rel-15, one BWP set which includes up to 4 BWPs may be configured to a UE, single BWP is activated at a given time and the active BWP can be switched by PDCCH/DCI within the BWP set.
2.2
UE capability related to BWP switching
Assuming the UE is configured with the BWP set in the figure 1, the UE RF capability shall support at least the bandwidth of BWP1 as well as that of BWP2. Then, a simple question is whether the UE RF capability shall support the sum of the bandwidth of BWP1 and BWP2 with one large RF chain or two RF chains, or the UE is allowed to switch its RF chain between the BWP1 and BWP2 in order to support this BWP set.
According to the RAN1 agreements below [3], the UE is allowed to a certain period of time (e.g. K symbols) for switching the active BWP for PDSCH reception right after decoding the scheduling PDCCH. It could be understood that it is not always required for the UE to cover the sum of the bandwidth of BWP1 and BWP2 at a time as far as the UE can switch its RF between those two BWPs within a certain period of time. We also consider this can be more generic from the BWP set perspective.
Proposal 1: RAN2 to confirm that it is not mandatory for the UE RF to cover the whole bandwidth of the configured BWP set at a time.
If RAN2 agree with the proposal 1, it may be good to send an LS to RAN4 for confirmation.
	# RAN1 agreements [3]
· Active BWP operation

· 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

· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

· In case of single active DL BWP for a given time instant in a component carrier

· 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


2.3
Measurement after active BWP switching
Next we discuss the RLM and RRM measurements when the UE is configured with the BWP set like the example in the figure 1. Also, it is assumed the gNB may change the UE’s active BWP from BWP1 to BWP2 by PDCCH and the UE may autonomously switch back to the BWP1 based on the BWP inactivity timer as shown in the figure 2.

Measurements in Initial/default BWP

In this example, at first (during T1), the UE performs the RRM and RLM measurements for SSB1 and/or CSI-RS in the BWP1. Let’s assume the SSB1 is used for RLM, while SSB1 or CSI-RS is used for RRM. The gNB may configure the CSI-RS of BWP2 for RRM while the UE camps on the BWP1, i.e. inter-BWP measurement. This might be a kind of neighbour cell measurement with or without measurement gap, but further information from RAN4 is needed for details. Here, we assume the CSI-RS configuration of BWP2 is available at the UE camping on the BWP1 as active BWP.
Measurements in active BWP other than initial/default BWP
After a while, the gNB instructs the UE to switch its active BWP from the BWP1 to the BWP2. While the UE camps on the BWP2 (T2), the UE need to continue the RLM and RRM measurements. In this example, the UE shall perform the SSB1-based RLM measurements, because the RS type for RLM is assumed to be set to SSB (i.e. NR-SS). If the RS type for RRM is also set to SSB, then the UE shall perform the SSB1-based RRM measurements according to the previous agreement.
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)
Observation 2: After active BWP switching from initial/default BWP to another, the UE should perform the RLM/RRM measurement based on SSB of initial/default BWP, when the RS type for RLM/RRM is set to SSB.
However, it is not so sure what the UE should do for CSI-RS based RRM measurements, i.e. what if the RS type for RRM is set to CSI-RS. For instance, the UE needs to measure the CSI-RS of the BWP2 or still the CSI-RS of the BWP1 like SSB1-based measurements?

This issue might be related to the assumption about how frequently the active BWP switching is happened. If the active BWP switching is done in very short time (e.g. just a few packet transmission or reception in BWP2), the RRM measurement based on CSI-RS of BWP1 would be sufficient as a serving cell measurement. On the other hand, if the UE stays in BWP2 after switching for a relatively longer time (e.g., a few seconds or more), the RRM measurement based on the CSI-RS of BWP2 would be better to appropriately decide the serving cell in terms of BWP level or cell level. This could be the same for CSI-RS based RLM measurements.
Observation 3: After active BWP switching from initial/default BWP to another, it is not clear whether the UE should perform the RRM measurement based on CSI-RS of initial/default BWP or CSI-RS of active BWP, when the RS type for RRM is set to CSI-RS.
At some point in time, the BWP inactivity timer expires and the UE autonomously switch back to BWP1. After this (T3), the UE behaviour for the measurements could be the same as before (i.e. T1).
Based on the discussions above, we propose to confirm the RLM/RRM measurements based on SSB and also propose to discuss the RLM/RRM measurements based on CSI-RS, when the active BWP is switched between BWPs in the BWP set.

Proposal 2: RAN2 to confirm that after active BWP switching from initial/default BWP to another BWP having no SSB, the UE shall perform the RLM/RRM measurement based on SSB of initial/default BWP, when the RS type for RLM/RRM measurements is set to SSB.
Proposal 3: RAN2 to discuss further details of CSI-RS based RLM/RRM measurements when the active BWP is switched between BWPs in the BWP set.
Proposal 3a: RAN2 to also discuss the need of LS to RAN4.
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Fig.2: Example of BWP switching by NR PDCCH/DCI and BWP Inactivity Timer
3. Conclusion

In this contribution we discussed some aspects of the BWP including UE capability related to BWP set configuration and RLM/RRM measurements at BWP switching. Then, we made following observations and proposals.
Observation 1: In Rel-15, one BWP set which includes up to 4 BWP may be configured to a UE, single BWP is activated at a given time and the active BWP can be switched by PDCCH/DCI within the BWP set.
Proposal 1: RAN2 to confirm that it is not mandatory for the UE RF to cover the whole bandwidth of the configured BWP set at a time.
Observation 2: After active BWP switching from initial/default BWP to another, the UE should perform the RLM/RRM measurement based on SSB of initial/default BWP, when the RS type for RLM/RRM is set to SSB.
Observation 3: After active BWP switching from initial/default BWP to another, it is not clear whether the UE should perform the RRM measurement based on CSI-RS of initial/default BWP or CSI-RS of active BWP, when the RS type for RRM is set to CSI-RS.
Proposal 2: RAN2 to confirm that after active BWP switching from initial/default BWP to another BWP having no SSB, the UE shall perform the RLM/RRM measurement based on SSB of initial/default BWP, when the RS type for RLM/RRM measurements is set to SSB.
Proposal 3: RAN2 to discuss further details of CSI-RS based RLM/RRM measurements when the active BWP is switched between BWPs in the BWP set.
Proposal 3a: RAN2 to also discuss the need of LS to RAN4.
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