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Introduction
In RAN1#106-bis-e, the following two options for SSB transmission in a DL BWP for RedCap UE was discussed. Option 2 gathered more support but there was a question if NCD-SSB can be used for some features which is explicitly specified to use CD-SSB. An LS was sent to RAN2/4 to ask feasibility to use NCD-SSB for such features. In this contribution, we discuss about BWP operation for RedCap UE.

· For FR1, following options:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case

Discussion
 In this contribution, we discuss about RedCap UE BWP operation with understanding that RedCap UE follows legacy UE behavior unless otherwise explicitly agreed and specified though it would be obvious.

In cell search, the same RedCap UE behavior as legacy UE will apply for both options. A RedCap UE searches CD-SSB on synch raster. Upon detection of a CD-SSB, it acquires MIB and is configured with CORESET#0 and Type0-PDCCH CSS sets. It acquires SIB1 within CORESET#0 bandwidth (MIB-configured initial DL BWP). If bandwidths of initial DL and UL BWP for legacy UE configured by SIB1 are no more than maximum RedCap UE bandwidth, a RedCap UE may access the cell according to Rel-15 procedure. In addition to legacy behavior, RedCap UE may be explicitly barred by SIB1.

Observation:
· RedCap UE behavior in cell search up to SIB1 acquisition is same as legacy UE for both option 1 and 2

In case a separate initial DL BWP is configured for RedCap UE and includes all RBs of CORESET#0 configured by MIB, or a separate initial DL BWP for RedCap UE is not configured (i.e. the case bandwidth of initial DL BWP and initial UL BWP for legacy UE do not exceed maximum RedCap UE bandwidth), the same procedure as legacy UE applies in IDLE/INACTIVE and random access. A RedCap UE uses CD-SSB, CORESET#0 and Type-0/0A/1/2 CSS sets on CORESET#0. And in CONNECTED, in case active DL and UL BWP includes CORESET#0 configured by MIB, a RedCap UE uses CD-SSB, CORESET#0 and Type-0/0A/1/2 CSS sets on CORESET#0. This will be obvious, but we prefer explicitly make agreements on this aspect.

Proposal:
· A RedCap UE uses CORESET#0 configured by MIB, Type-0/0A/1/2 CSS sets on CORESET#0 and CD-SSB in case an active DL BWP contains all RBs of CORESET#0 of the cell including BWP#0 based on Rel-15 UE behavior specified in 38.213

In the following part, other cases where a separate initial DL BWP does not include all RBs of CORESET#0 are discussed.

With option 2:
If a separate initial DL BWP is only configured with Type1-PDCCH CSS sets, i.e. it is only used during initial access (random access), option 2 does not require SSB transmission in a separate initial DL BWP. In other word, even if an additional SSB is not configured in a separate initial DL BWP, Type1-PDCCH CSS sets (and CORESET for the CSS sets) can be configured in it. In IDLE/INACTIVE, since no SSB is transmitted in the separate initial DL BWP, CD-SSB of the cell shall be used for measurement, synchronization, etc. and monitoring Type0/0A/2-PDCCH CSS sets corresponding procedures are performed on CORESET#0 of the cell configured by MIB. As the option requires no SSB in a separate initial DL BWP, a RecCap UE probably would select best CD-SSB. So, RO for RedCap UE in a separate initial UL BWP shall be associated with CD-SSB. Once a RedCap UE initiates random access, it retunes to a separate initial DL/UL BWP, transmits PRACH in RO in the separate initial UL BWP selected based on CD-SSB, monitors RAR on the separate initial DL BWP. This behavior seems the same as option 1.

Observation:
· With both option 1 and 2, a RedCap UE may perform random access on a separate initial DL and UL BWPs even if no SSB is transmitted in a separate initial DL BWP for RedCap UE

Observation:
· With both option 1 and 2, in IDLE/INACTIVE, a RedCap UE follows legacy UE behavior other than random access, e.g. monitors paging, system information on CORESET#0 configured by MIB, performs measurement on CD-SSB, etc. if a separate initial DL BWP does not include all RBs of CORESET#0 and is not configured with additional SSB

Proposal:
· In case a separate initial DL BWP is configured with no SSB, in IDLE/INACTIVE, RedCap UE monitors Type0/0A/2 CSS sets on CORESET#0 configured by MIB

Proposal:
· R.O. for RedCap UE is associated with CD-SSB in case an initial DL BWP is configured with no NCD-SSB and Type1-PDCCH CSS sets.

If an additional SSB (NCD-SSB) and a common CORESET for CSS sets is configured in a separate initial DL BWP for RedCap, a RedCap UE performs measurments on the SSB (if it is confirmed feasible by RAN2/4). According to existing specifications, monitoring CSS sets depends on whether it is configured. If Type0/0A-PDCCH CSS sets are configured in the separate initial DL BWP, RedCap UE acquires system information in it. Otherwise, dedicated signaling is used to provide each RedCap UE with system information. If Type1-PDCCH CSS sets are configured, RedCap UE monitors RAR in it. If Type2-PDCCH CSS sets are configured, a RedCap UE monitors paging in it. A RedCap UE simply does not monitor CSS sets which are not configured with and does not perform corresponding procedure according to existing specifications.

Proposal:
· If option 2 is confirmed feasible by RAN2/4
· If an initial DL BWP is configured with an additional SSB and does not contain all RB of CORESET#0 configured by MIB a RedCap UE may use the SSB for RRM, etc.

Proposal:
· UE behavior on monitoring CSS and performing corredponding procedure on a separate initial DL BWP follows legacy UE behavior i.e. it depends on configuration of CSS sets configured on active DL BWP

If an RRC configured BWP includes CORESET#0 configured by MIB, a RedCap UE performs measurements on CD-SSB and monitors CSS sets on CORESET#0.
Otherwise, if an RRC configured BWP does not contain include CORESET#0, for a UE only capable of FG 6-1, an RRC configured BWP needs includes the common CORESET and the additional SSB configured in a separate initial DL BWP. If the additional SSB is always within bandwidth of the common CORESET, the additional SSB does not need to be mentioned.

Proposal:
· (If option 2 is agreed) For a RedCap UE capable of only FG 6-1, an RRC configured BWP has to include CORESET#0 or a common CORESET and an additional SSB for RRM configured in a separate initial DL BWP

Proposal:
· (If option 2 is agreed) Add a note to FG 6-1 for RedCap UE that an RRC configured BWP may include additional common CORESET and additional SSB for RRM configured in a separate initial DL BWP


NCD-SSB transmission:
Additional SSB in a separate initial DL BWP can be configured at any ARFCN which is not required to be equal to a GSCN. If it is transmitted at a GSCN, it will be detected by any kind of UE during cell search and increase cell search effort unnecessarily. On the other hand, as current specification supports NCD-SSB transmission at any GSCN, it can be left for network implementation whether NCD-SSB is transmitted at a GSCN.

Summary
This section summarizes this contribution:

Observation:
· RedCap UE behavior in cell search up to SIB1 acquisition is same as legacy UE for both option 1 and 2

 Proposal:
· A RedCap UE uses CORESET#0 configured by MIB, Type-0/0A/1/2 CSS sets on CORESET#0 and CD-SSB in case an active DL BWP contains all RBs of CORESET#0 of the cell including BWP#0 based on Rel-15 UE behavior specified in 38.213 

Observation:
· With both option 1 and 2, a RedCap UE may perform random access on a separate initial DL and UL BWPs even if no SSB is transmitted in a separate initial DL BWP for RedCap UE 

Observation:
· With both option 1 and 2, in IDLE/INACTIVE, a RedCap UE follows legacy UE behavior other than random access, e.g. monitors paging, system information on CORESET#0 configured by MIB, performs measurement on CD-SSB, etc. if a separate initial DL BWP does not include all RBs of CORESET#0 and is not configured with additional SSB

Proposal:
· In case a separate initial DL BWP is configured with no SSB, in IDLE/INACTIVE, RedCap UE monitors Type0/0A/2 CSS sets on CORESET#0 configured by MIB

Proposal:
· R.O. for RedCap UE is associated with CD-SSB in case a initial DL BWP is configured with no NCD-SSB and Type1-PDCCH CSS sets.

Proposal:
· [bookmark: _GoBack]If option 2 is confirmed feasible by RAN2/4
· If an initial DL BWP is configured with an additional SSB and does not contain all RB of CORESET#0 configured by MIB a RedCap UE may use the SSB for RRM, etc. 

Proposal:
· UE behavior on monitoring CSS and performing corredponding procedure on a separate initial DL BWP follows legacy UE behavior i.e. it depends on configuration of CSS sets configured on active DL BWP

Proposal:
· (If option 2 is agreed) For a RedCap UE capable of only FG 6-1, an RRC configured BWP has to include either CORESET#0 or a common CORESET and an additional SSB for RRM configured in a separate initial DL BWP

Proposal:
· (If option 2 is agreed) Add a note to FG 6-1 for RedCap UE that an RRC configured BWP may include additional common CORESET and additional SSB for RRM configured in a separate initial DL BWP
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