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1 Introduction
This contribution discusses the following issues on BWP operations:
· BWP configurations
· Dedicated timer operations
· CSI measurement / SRS transmission outside active BWP
· Common PRB indexing

2 BWP Configurations
	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



It was agreed in the last RAN1 meeting that common search space for RACH procedure in Pcell can be configured per each DL BWP by NW implementation. However, in case that common search space for RACH is not configured within the current active BWP, a UE cannot receive message 2 and message 4 to perform contention-based scheduling request, 2-step random access for handover, etc., until its BWP is switched to another BWP which contains common search space by gNB indication. Thus, to prevent this problem, following UE behavior needs to be supported. Since a gNB cannot know when a UE needs to monitor common search space, the UE itself can switch to one with common search space of the configured BWPs whenever it is needed without any explicit gNB indication. After monitoring during certain window, the UE is switched back automatically to current active DL BWP. If multiple common search spaces are configured to a UE, the UE behavior can be defined as either a) monitor one of the multiple common search spaces by UE decision or b) monitor a common search space which is indicated by gNB. 
Proposal 1: In Pcell, if no common search space for RACH procedure is within a UE’s active DL BWP, it can switch its active DL BWP to another DL BWP which contains the common search space for the reception of message-2 & message-4 based on the RACH configuration and then switch back to its original active DL BWP after the configured monitoring window ends
For initial access stage, RACH resource is constrained within initial active UL BWP. However, for other reasons such as hand over, beam recovery, etc., RACH resource configuration in UL BWP may be still needed for connected mode. As it was agreed in the previous meeting that each configured UL BWP includes PUCCH resources in a PUCCH serving cell, it should be supported that RACH resource can be configured per UL BWP to avoid frequent RF retuning.
Proposal 2: For connected mode, RACH resource can be configured per UL BWP to avoid retuning.
Regarding BWP with “zero” size for UE power saving in a serving cell, our understanding is that there seems to be no strong motivation for it. DRX timer can be configured to be low to achieve this behavior. Further, since we already agreed that bandwidth of a BWP is at least as large as the SSB bandwidth in #88b, this feature seems to violate our previous agreement. It seems not a necessary feature and mostly an optimization issue.
[bookmark: _GoBack]Proposal 3: NR does not support BWPZ which is a BWP configuration with zero bandwidth at least in Rel-15.

3 Dedicated timer operations
	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



In the previous meeting, it was agreed to support a dedicated timer for timer-based active BWP switching to the default BWP. For DCI-based activation which has lower reliability than other signaling, timer-based mechanism can help to handle DCI missing problem. It is assumed that one of configured BWPs is indicated as the default BWP by gNB. Similar to C-DRX timer, a UE restarts the timer whenever it successfully decodes a DCI to schedule PDSCH(s) in its active BWP. If the UE doesn’t receive any PDCCH until timer expires, UE switches to default BWP and monitors PDCCH again. However, for SPS scheduling, since there is no DCI in every slot, a UE does not restart timer and timer may expire even though the UE keep receiving SPS-PDSCH. Thus, additional condition should be added on the dedicated timer to restart the timer. One condition may be that when a UE decode SPS PDSCH successfully, the timer is restarted to the initial value. 
Proposal 4: For SPS-PDSCH reception, a UE restarts the dedicated timer every time SPS-PDSCH is successfully decoded. 

For connected mode, a UE operates two timers which are C-DRX timer and the dedicated timer, respectively. Purposes of both are for power saving in terms of time and frequency dimensions, respectively. In case that C-DRX timer which is configured drxInactivity by a gNB expires earlier than the dedicated timer, UE behavior should be clarified.
· Alt. 1) Independent operations between two timers, e.g., even if C-DRX timer expires, UE’s RF keeps wide until the dedicated timer expires.
· Alt. 2) The dedicated timer is subject to C-DRX timer, e.g., if C-DRX timer expires, the dedicated timer expires and goes to the default BWP, automatically.
For Alt. 1, there is no benefit from power saving perspective. For example, if C-DRX timer expires but dedicated timer does not expire, then although the UE cannot transmit or receive any data, the UE may have to keep its RF wide. In the sense, Alt. 2 should be supported.
Proposal 5: The dedicated timer is subject to C-DRX timer, e. g., if C-DRX timer expires, the dedicated timer expires and the UE goes to the default BWP, automatically.

4 CSI measurement / SRS transmission outside active BWP
	Agreements: (RAN1#90)
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET
Agreement: (RAN1#90bis MIMO)
· Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 
· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
· FFS: Whether the value of X is same or different for beam management and CSI acquisition
· FFS: The value of X may or may not be numerology-dependent



In the RAN1 90 meeting, it was agreed to support any measurements and SRS transmissions outside the active BWP. It is clear that RRM measurements do not need to be restricted to the BWP configurations since the RRM measurement parameters such as measurement object, measurement gap, etc., are defined by RAN 2 so that BWP operations may not be visible. However the same is not clear in the case of CSI-RS or SRS based measurements. As mentioned earlier, at least for the case of scheduling purposes, CSI measurements based on CSI-RS should be supported within the BWP framework in order to allow for scheduling across different BWP. Furthermore considering that wideband, sub-band and partial band CSI reporting is supported for NR, it seems necessary to still consider CSI measurements within the BWP framework. Along similar lines, SRS transmissions can be supported within the BWP framework. 
Proposal 6: RRM measurements can be decoupled with BWP framework while CSI measurements / SRS transmissions can be performed within the BWP framework. 

Before BWP switching, a gNB may have to know in advance channel state information outside the UE’s active BWP in order to switch to it’s another BWP with better channel quality or use MIMO transmission scheme as soon as switching. For these needs, following two alternatives are proposed to support CSI measurement/SRS transmission outside active BWP.

· Alt. 1) A UE performs CSI measurement/SRS transmission outside of its active BWP via a measurement gap configuration 
· Alt. 2) A UE performs CSI measurement/SRS transmission by using BWP switching operation
Among two alternatives above, our view is close to Alt. 2. Since frequent usage of measurement gap may have a NW burden. In contrast, similar to SRS switching operation per “cell”, our understanding is that there seems to be no big issue where CSI measurement/SRS transmission outside active BWP can be switched per “BWP”. 
Proposal 7: For CSI measurement/SRS transmission outside active BWP, it should be supported by using BWP switching.
5 Common PRB indexing
	Agreements: (RAN1#90)
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL
Agreements: (RAN1#90bis)
· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 
· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI
· For Scell, the reference location is the frequency location indicated in the SCell configuration
· For SUL, the reference location is the frequency location indicated in the SUL configuration 
· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.
· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.
The range of offset values should be >276*4, with the detailed values FFS



For common PRB indexing, it was agreed that location of PRB 0 is informed a UE as an offset between a reference location and PRB 0, where reference location is separately defined per case such as DL, UL, Scell, etc. Since the common PRB indexing is common to all UEs trying to access to the cell, it may be desirable to indicate the offset via RMSI to avoid duplicated signaling to each UE. However, based on our understanding, it may happen that multiple SSBs can be associated with single RMSI according to NW implementation. In that case, RMSI signaling may not work fine since there are multiple reference locations (multiple lowest PRBs of the cell-defining SSBs) for DL in Pcell. In the sense, instead of using RSMI signaling, it is reasonable to support dedicated RRC signaling to indicate PRB 0 for common PRB indexing. In addition, dedicated RRC signaling is more beneficial for forward compatibility in future release.
Proposal 8: Support dedicated RRC signaling to inform a UE of PRB 0 for common PRB indexing. 
6 Summary
The proposals in this contribution are collected as below:

Proposal 1: In Pcell, if no common search space for RACH procedure is within a UE’s active DL BWP, it can switch its active DL BWP to another DL BWP which contains the common search space for the reception of message-2 & message-4 based on the RACH configuration and then switch back to its original active DL BWP after the configured monitoring window ends
Proposal 2: For connected mode, RACH resource can be configured per UL BWP to avoid retuning.
Proposal 3: NR does not support BWPZ which is a BWP configuration with zero bandwidth at least in Rel-15.
Proposal 4: For SPS-PDSCH reception, a UE restarts the dedicated timer every time SPS-PDSCH is successfully decoded. 
Proposal 5: The dedicated timer is subject to C-DRX timer, e. g., if C-DRX timer expires, the dedicated timer expires and the UE goes to the default BWP, automatically.
Proposal 6: RRM measurements can be decoupled with BWP framework while CSI and SRS measurements/transmissions can be performed within the BWP framework. 
Proposal 7: For CSI measurement/SRS transmission outside active BWP, it should be supported by using BWP switching.
Proposal 8: Support dedicated RRC signaling to inform a UE of PRB 0 for common PRB indexing. 
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