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Introduction
This document discusses aspects on initial DL BWP for Reduced capability NR devices (RedCap UE).

Discussion
Initial DL BWP
In RAN1 #105, the following working assumption on separate initial DL BWP was made:
	Working assumption:
· At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case



In RAN1 #106 and RAN #93, this aspect was discussed but no progress was made.

As many companies proposed, the gNB would configure separate initial UL BWP at the edge of the carrier BW in order to avoid the non-RedCap PUSCH resource fragmentation due to PUCCH for Msg4. Then, how would gNB configure initial DL BWP for RedCap UEs during initial access? The following configuration can be considered:
· Configuration A: Separate initial DL BWP is configured so that the center frequency of initial DL and UL BWP are aligned
· Configuration B: Separate initial DL BWP is not configured. Non-RedCap initial DL BWP is used for the DL transmission to RedCap UEs (i.e. center frequency of initial DL and UL BWPs may not be aligned)

Configuration A
We think configuration A is beneficial for traffic offloading of Msg 2/4. We first propose that this configuration is supported during initial access.

Proposal 1:	Support separate initial DL BWP during initial access for RedCap.

The possible situation on the configuration A would be:
· RedCap UEs stay in non-RedCap initial DL BWP to receive SIB including the configuration of separate initial DL BWP, and switch to separate initial DL BWP.
· CORESET for PDCCH type-1 is configured and Msg-2/4 is sent in the separate initial DL BWP.

It may be concerned that CD-SSB may not be available in the separate initial DL BWP. How can the UE receive SSB? The following options can be considered:
· Option 1: SSB (CD or non-CD) is mandated in the separate initial DL BWP
· [bookmark: _Hlk83816684]Option 2: SSB (CD or non-CD) is not mandated in the separate initial DL BWP. The UE retunes RF and receives the CD-SSB in initial DL BWP for non-RedCap

For Option 1, the overhead of non-CD-SSB is concerned when CD-SSB is not available in the BWP. But power consumption by RF retuning may be mitigated.

For Option 2, the intra-frequency measurement gap can be utilized for time/frequency tracking to the serving cell, serving cell measurement of RSRP/RSRQ, and for “RF retuning + CD-SSB reception” by a RedCap UE. We think this measurement gap needs to be configured for separate initial DL BWP for RedCap with CD-SSB transmission in the neighbor cell because neighbor cell measurement is required. By reusing the measurement gap, the resource overhead increase of CD-SSB in separate initial DL BWP can be mitigated. The periodicity of “RF retuning + CD-SSB reception” by a RedCap UE can be 160ms (maximum value for configurable SSB periodicity) so that existing gap can be utilized. UE in Rel.15/16 should be capable to have time/frequency synchronization by receiving SSB once per 160ms. Therefore, the same value should be possible for RedCap UEs. If this gap is not configured, the UE may perform “RF retuning + CD-SSB reception” without gNB’s instruction.

In case CORESET for PDCCH type-2 is not configured for the separate initial DL BWP (i.e. other than paging case), additional SSB in the separate BWP is not so crucial. UE may receive CD-SSB in initial DL BWP for non-RedCap periodically for example once per 160ms during random access procedure, but it would not be critical to perform random access procedure. Therefore, we propose Option 2 when CORESET for PDCCH type-2 is not configured for separate initial DL BWP. To make this operation possible, we also propose that FG6-1a is mandatory for a RedCap UE as UE capability is not reported at the time of initial random access procedure. 

Proposal 2:	The intra-frequency measurement gap should be used for time/frequency tracking to the serving cell, serving cell measurement of RSRP/RSRQ in addition to intra-frequency measurement. The gap should be available once per 160 ms.
Proposal 3:	SSB (CD or non-CD) is not mandated when CORESET for PDCCH type-2 is not configured for separate initial DL BWP.
Proposal 4:	FG6-1a is mandatory for a RedCap UE.

Next, we discuss the case that CORESET for PDCCH type-2 for paging is configured for separate initial DL BWP. If a RedCap UE in idle mode monitors the PDCCH type-2 in separate initial DL BWP after a long sleep, the UE needs to be synchronized using SSB before the paging reception. Then with increased switching time for SSB reception, UE needs to wake-up longer for paging reception. It increases the UE power consumption for paging significantly. Therefore, we propose Option 2 is not used when CORESET for PDCCH type-2 is configured for separate initial DL BWP.

Proposal 5:	SSB (CD or non-CD) is mandated when CORESET for PDCCH type-2 is configured for separate initial DL BWP.

Configuration B
Configuration B is also beneficial as CD-SSB, PDCCH CSS etc. can be shared by non-RedCap and RedCap, and then resource overhead is less. The gNB can use this configuration when offloading is not needed for DL shared channel while initial UL BWP for RedCap is needed to be configured at the edge of the carrier BW for avoiding the non-RedCap PUSCH resource fragmentation, or for offloading for UL channels. To support this configuration, unaligned center frequency between DL and UL BWP in TDD should be allowed.

Proposal 6:	Support the case of the unaligned center frequency between DL and UL BWP in TDD.

Conclusion
[bookmark: _Ref525757803][bookmark: _Ref524431493][bookmark: _Ref525728033][bookmark: _Ref534791788]Proposal 1:	Support separate initial DL BWP during initial access for RedCap.
Proposal 2:	The intra-frequency measurement gap should be used for time/frequency tracking to the serving cell, serving cell measurement of RSRP/RSRQ in addition to intra-frequency measurement. The gap should be available once per 160 ms.
Proposal 3:	SSB (CD or non-CD) is not mandated when CORESET for PDCCH type-2 is not configured for separate initial DL BWP.
Proposal 4:	FG6-1a is mandatory for a RedCap UE.
Proposal 5:	SSB (CD or non-CD) is mandated when CORESET for PDCCH type-2 is configured for separate initial DL BWP.
Proposal 6:	Support the case of the unaligned center frequency between DL and UL BWP in TDD.

