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1 Introduction

The term “Bandwidth Part (BWP)” was introduced in RAN1#88 and refined in RAN1#88b and #89 meetings. It is referred to a group of contiguous PRBs in frequency domain associated with a specific numerology. The usage scenarios of BWP operation include enabling reduced UE bandwidth capability within a wideband carrier, enabling reduced UE power consumption by bandwidth adaptation, and enabling UE using different numerologies in FDM within a wideband carrier [1].  

In the last meeting (RAN1 #90bis), some open issues were summarized into a tdoc [2] and some progresses were made. In this contribution, we discuss further the remaining issues. 
2 Discussion
2.1 Clarification of one active DL BWP
The single active BWP constraint was agreed in RAN1 2017 NR AH#3 as following:

Agreements:
· 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

RAN4 discussed SS block measurement and LS was sent to RAN2 [3]. In the LS, following was agreed.
o
The capability to concurrently perform intrafrequency measurement on serving cell or neighbor cell and receive PDCCH or PDSCH from the serving cell with a different numerology is a band independent UE capability.
Therefore, at least intrafrequency measurement on serving cell or neighbor cell are not in the scope of "at most one active DL BWP" from numerology perspective. This LS is on the measurement on SSB. Therefore, we still see CSI-RS for mobility, CSI-RS for tracking, CSI-RS for beam management, RMSI reception for SIB update, Paging reception for SIB update indication can be still different numerology from user traffic and user specific control. If simultaneous different numerology is not supported on these channels, we have following concerns.
· If same numerology is required with user traffic and CSI-RS for mobility, CSI-RS for mobility needs to be duplicated for all supported numerologies. It would not be acceptable overhead from system operation point of view when these CSI-RS is also sent from neighbour TRPs/cells. Measurement gap is always required for CSI-RS for mobility is another possibility but we are not sure it is acceptable latency from mobility perspective except stationary UEs without supporting VoIP, URLLC, shorter latency eMBB.
· If CSI-RS for beam management requires same numerology, system overhead increased by multiple CSI-RS for beam management. If CSI-RS for beam management is by measurement gap, we are not sure the latency requirement of beam failure report can be satisfied. At least the option not to duplicate CSI-RS should be allowed.
· RLM and frequency/time tracking is by CSI-RS or SSB. Same numerology with data is not always possible for SSB. To use measurement gap for RLM and frequency/time tracking would not be visible option from the lack of the opportunity to receive them except stationary UEs without supporting VoIP, URLLC, shorter latency eMBB. 
· If RMSI requires same numerology, system overhead increased by multiple RMSI transmission. If measurement gap is required for RMSI reception, the gap length can be  very large or complicated in order to accommodate low rate RMSI transmission, which needs to be reached to cell edge. This aspect needs to check further considering the progress of RMSI transmission method.
· We assume paging reception in RRC_CONNECTED is for the purpose of SIB update indication and when to receive such paging is up to UE implementation similar to LTE. If paging needs to be same numerology with user traffic, the network is required to coordinate DL BWP when to receive paging to SIB update. This may require completely different model from protocol layer perspective. This aspect needs to check further.
Therefore, we propose to clarify following.
Proposal 1: At most one active DL BWP is not always applied to SSB, CSI-RS for mobility, CSI-RS for beam management, CSI-RS for tracking. FFS for RMSI and paging reception.
2.2 Clarification of the interaction between DRX and BWP
In LTE, DRX only controls the UE’s PDCCH monitoring activity for following. 

C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), UL Semi-Persistent Scheduling V-RNTI (if configured), eIMTA-RNTI (if configured), SL-RNTI (if configured), SL-V-RNTI (if configured), CC-RNTI (if configured), and SRS-TPC-RNTI (if configured). 
It means only UE specific activities are controlled by DRX and mobility related activity is not controlled by DRX.
In above section, we proposed one active DL BWP restriction is not applied to mobility related activity and DRX behaviour is aligned with DL BWP restriction.
In the last meeting, the necessity of supporting BWP of size zero (BWPZ) was discussed, but no consensus was reached. BWPZ refers to a BWP configuration with zero bandwidth. Then if BWPZ is activated, UE stops monitoring CORESET for this BWP (since CORESET is null in the BWPZ). The argument for supporting BWPZ configuration is that since we already agreed L1 (by DCI) signaling for fast BWP switching, the same signaling can be reused for putting UE to sleep mode if the scheduler already foresees no data intended for the UE. As a result, UE can go to DRX sleep faster without waiting for the expiration of the drx_inactivityTimer. 

From our understanding, the power reduction gain of "off" is much bigger than BWP reduction for example order of 100 times. Therefore, to use "off" as much as possible is quite important from UE power consumption reduction. Therefore, our view is BWPZ is reasonable proposal as far as BWPZ does not applied to mobility related activity. If mobility related activity is also controlled as BWPZ, UE mobility is lost.
Proposal 2: To support BWP of size zero and the its applicability of the control is same as DRX. i.e. mobility related activity is not controlled.
In the previous meeting, a dedicated BWP switching timer is agreed. As it is dedicated BWP switching timer, the timer runs independently from DRX off states. Then UE BWP states during DRX off period is also known by the gNB as same as no DRX off happened. This resolves the uncertainty of BWP states at wake up from DRX_off. On the other hand, when BWP of size zero is introduced, BWP switching timer also stops and the BWP states at wake up from DRX_off is unclear. We propose BWP states after BWP of size zero and wake-up from DRX_off is semi-statically configured.
Proposal 3: BWP timer runs regardless of DRX off states.
Proposal 4: BWP status after BWP of size zero and wake-up from DRX_off is semi-statically configured.
2.3 Whether support cross-BWP HARQ retransmission or not
Since the BWP switching timer is run separately from the DRX timers, it could happen that during drx_retransmissionTime window, the BWP switching time expires and UE switches from the wide BWP to the default BWP. In addition it was agreed in RAN2#97 to have one HARQ entity per carrier without considering BWP, which means multiple BWPs share the same HARQ entity in the same carrier. Therefore, it is natural to support the retransmission in the default BWP which is different form the initial transmission in another BWP in order not to interpret the HARQ process.
Proposal 5: Support cross-BWP HARQ retransmission in a carrier.   
3 Conclusion

This document propose following 
Proposal 1: At most one active DL BWP is not always applied to SSB, CSI-RS for mobility, CSI-RS for beam management, CSI-RS for tracking. FFS for RMSI and paging reception.

Proposal 2: To support BWP of size zero and the its applicability of the control is same as DRX. i.e. mobility related activity is not controlled.

Proposal 3: BWP timer runs regardless of DRX off states.

Proposal 4: BWP status after BWP of size zero and wake-up from DRX_off is semi-statically configured.
Proposal 5: Support cross-BWP HARQ retransmission in a carrier.   
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