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Introduction
This document discusses the remaining issues on the aspects related to reduced maximum UE bandwidth for RedCap.

Discussion
SSB for common BWP
According to the RAN2 guidance [1], an idle/inactive RedCap UE monitors the Type-2 PDCCH only in the initial DL BWP including CD-SSB. In other words, if the idle/inactive RedCap UE monitors Type2-PDCCH, the UE assumes that the initial DL BWP includes CD-SSB.

Proposal 1:	As per RAN2 guidance, if the idle/inactive RedCap UE monitors Type2-PDCCH, the UE assumes that the initial DL BWP includes CD-SSB.

Accordingly, we propose the following TP #1:

TP #1 for TS 38.213:
	17.1 RedCap UE procedures
<unchanged text omitted>

For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE monitors PDCCH according to a Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP does not include SS/PBCH blocks or the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set in RRC_IDLE or RRC_INACTIVE, the UE assumes that the initial DL BWP includes a SS/PBCH block the UE used to obtain SIB1, and the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set in RRC_CONNECTED, the UE assumes that the initial DL BWP:
· includes a SS/PBCH block and the CORESET with index 0 if the UE used the SS/PBCH block to obtain SIB1.
· includes a SS/PBCH block and does not include the CORESET with index 0 if the initial DL BWP does not include the SS/PBCH block the UE used to obtain SIB1

<unchanged text omitted>





SSB for dedicated BWP
In RAN1 #107, the following FL proposal was made [2]:
	High Priority Proposal 5-3d:
For BWP#0 configuration option 1, a RedCap UE in connected mode can expect SSB transmission in a separate initial DL BWP configured for paging (if supported).



We agree the point that the SSB transmission in the DL BWP configured for paging is essential from the perspective of power saving. Furthermore, we think this principle should be applied not only for initial DL BWP but also for active RRC-configured DL BWP. Therefore, we propose to revise the proposal as follows:

Proposal 2:	A RedCap UE in connected mode can expect SSB (CD-SSB or NCD-SSB) transmission in an active RRC-configured DL BWP configured for paging.

Accordingly, we propose the following TP #2:

TP #2 for TS 38.213:
	17.1 RedCap UE procedures
<unchanged text omitted>

For an active DL BWP provided by BWP-DownlinkDedicated, a UE assumes that the active DL BWP includes a SS/PBCH block, unless the UE indicates a capability to operate in the DL BWP without receiving an SS/PBCH block, and does not include the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the active DL BWP includes a SS/PBCH block regardless of whether the capability is indicated or not.

<unchanged text omitted>





UE behavior when separate initial DL BWP is not configured
In RAN1 #107, the following FL proposal was made [2]:
	High Priority Proposal 3-2f:
· If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
· This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
· Signaling details are up to RAN2



We support the FL proposal as is. In our understanding, RAN1 should assume the legacy behavior that the DL-UL BWP’s center frequencies are aligned in the maintenance phase because there was no consensus of the un-alignment so far. This means that RF retuning between DL-UL is not desired. Therefore, the first sub-bullet is especially important that DL reception and UL transmission occurs within the RedCap UE BW so that the RF retuning between DL-UL is avoided.
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Proposal 3:	Support the FL proposal 3-2f in R1-2112501 as is:
· If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
· This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
· Signaling details are up to RAN2


Common PUCCH resource determination
In RAN1 #107, the following FL proposal was made [2]:
	High Priority Proposal 8-1g:
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· It is configurable via SIB whether all 16 PUCCH resources are mapped to one side of the RedCap UE BWP center frequency or 8 are mapped to one side and the other 8 to the other side.
· If all 16 PUCCH resources are mapped to one side, it is SIB-configurable which side.
· The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an additional PRB offset with 4 candidate values.
· One of the candidate values is zero.



non-FH PUCCH resource mapping
We think there are two types of mapping identified in the proposal 8-1g:
· Type 1: all 16 PUCCH resources are mapped to one side of the RedCap UE BWP. It is SIB-configurable which side is used.
· Type 2: 8 PUCCH resources are mapped to one side and the other 8 to the other side.
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We think Type-1 configuration is more beneficial than Type-2. When PUSCH fragmentation is concerned, it is desired that only one side of the BWP is used. In Type-1, 16 PUCCH resources are available at one side and then the capacity of the UEs is higher than Type-2 in which only 8 PUCCH resources are available at one side. The benefit of Type-2 is no need for RRC overhead to indicate higher/lower side, but one RRC bit is not a significant issue. In case PUSCH fragmentation is not concerned (e.g. the carrier BW = RedCap UE BW), the legacy mapping with FH can be used which has hopping gain. Therefore, we propose to support Type-1 at least.


FDM of FH and non-FH PUCCH
For legacy/non-RedCap UEs, pucch-ResourceCommon is given. For RedCap UEs, pucch-ResourceCommonRedCap would separately be provided. We assume that the parameter PRB offset  is provided in each of pucch-ResourceCommon and pucch-ResourceCommonRedCap.

To avoid collision of resource/OCC between FH/non-FH PUCCH, it is desired that allocated PRBs are different. As discussed in our previous tdoc [3], the gNB would configure the two parameters:
· The positions for initial UL BWP for non-RedCap and separate initial UL BWP for RedCap
· The PRB offsets  from each BWP side, provided in pucch-ResourceCommon or pucch-ResourceCommonRedCap
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We understand that the NW can prevent the resource collision by the proper configuration of these two parameters. On the other hand, this means configuration of UL BWP and/or PUCCH is affected due to potential resource collision. For example, assuming that initial DL-UL BWP center frequencies are aligned, UL BWP position offsetting to DL BWP results in the BW reduction of UL BWP. It may degrade UL throughput/capacity.

For more flexible configuration, we propose that the additional PRB offset for non-FH PUCCH (e.g., ) can be configured by SIB. The offset would be beneficial to prevent the resource collision regardless of configuration on UL BWP and/or PUCCH. The flexible value can be configured by the NW, then there is no need to agree the candidate value. If the parameter is absent, the additional offset is zero.
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Proposal and specification
Based on the discussion above, we propose the following (the FL proposal 8-1g in [2] is revised).

[bookmark: _Hlk95745756]Proposal 4:
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· All 16 PUCCH resources are mapped to one side of the RedCap UE BWP center frequency.
· It is SIB-configurable which side.
· The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an additional PRB offset configured by SIB (if provided).

The following exemplifies how to extend equations for PRB determination for each Type 1 non-FH PUCCH configuration.
	If  and a UE is provided a PUCCH resource by pucch-ResourceCommonRedCap and is provided disable-FH-PUCCH and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
· the UE determines the PRB index of the PUCCH transmission in the lower sidefirst hop as  and the PRB index of the PUCCH transmission in the higher sidesecond hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes and  is the value provided by XXX (if the parameter is absent, the value is 0)
· the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommonRedCap and is provided disable-FH-PUCCH and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
· the UE determines the PRB index of the PUCCH transmission in the higher sidefirst hop as  and the PRB index of the PUCCH transmission in the lower sidesecond hop as 
· the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as  




Conclusion
Regarding SSB for common BWP:
Proposal 1:	As per RAN2 guidance, if the idle/inactive RedCap UE monitors Type2-PDCCH, the UE assumes that the initial DL BWP includes CD-SSB.
TP #1 for TS 38.213:
	17.1 RedCap UE procedures
<unchanged text omitted>

For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE monitors PDCCH according to a Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP does not include SS/PBCH blocks or the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set in RRC_IDLE or RRC_INACTIVE, the UE assumes that the initial DL BWP includes a SS/PBCH block the UE used to obtain SIB1, and the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set in RRC_CONNECTED, the UE assumes that the initial DL BWP:
· includes a SS/PBCH block and the CORESET with index 0 if the UE used the SS/PBCH block to obtain SIB1.
· includes a SS/PBCH block and does not include the CORESET with index 0 if the initial DL BWP does not include the SS/PBCH block the UE used to obtain SIB1

<unchanged text omitted>




Regarding SSB for dedicated BWP:
Proposal 2:	A RedCap UE in connected mode can expect SSB (CD-SSB or NCD-SSB) transmission in an active RRC-configured DL BWP configured for paging.
TP #2 for TS 38.213:
	17.1 RedCap UE procedures
<unchanged text omitted>

For an active DL BWP provided by BWP-DownlinkDedicated, a UE assumes that the active DL BWP includes a SS/PBCH block, unless the UE indicates a capability to operate in the DL BWP without receiving an SS/PBCH block, and does not include the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the active DL BWP includes a SS/PBCH block regardless of whether the capability is indicated or not.

<unchanged text omitted>




Regarding UE behavior when separate initial DL BWP is not configured:
Proposal 3:	Support the FL proposal 3-2f in R1-2112501 as is:
· If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
· This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
· Signaling details are up to RAN2

Regarding common PUCCH resource determination:
Proposal 4:
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· All 16 PUCCH resources are mapped to one side of the RedCap UE BWP center frequency.
· It is SIB-configurable which side.
· The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an additional PRB offset configured by SIB (if provided).
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