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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1#107-e meeting, for reduced maximum UE bandwidth, following agreements and working assumption were made [1]:
	Agreement: 
· In Rel-17, up to 1 separate initial UL BWP for RedCap can be configured.

Agreement:
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement: 
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· 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.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· 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.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB

Agreement:
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· 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.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, 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.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB

Agreement: 
· Send an LS to RAN2 and RAN4 to inform them about relevent RAN1 agreement on FR1 and corresponding agreement on FR2, as well as the working assumption, and ask them whether the working assumption reasonable or not:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· 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.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· Indicate in the LS that RAN1 does not expect any further RAN1 specification impact from the above working assumption.
· Also include the following RAN1 agreement in the LS as background information:
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
Agreement: 
· The draft LS in R1-2112801 is endorsed in principle.
· Final LS R1-2112802 is endorsed.

Agreement: 
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.
· RedCap and non-RedCap can be configured with the same or different PUCCH resource set indices (see TS 38.213 Table 9.2.1-1).

Agreement: 
· For a separate initial DL BWP for RedCap UEs,
· The supported bandwidths for the separate initial DL BWP for RedCap UEs can have any values up to the maximum UE bandwidth (as in legacy operation).




In this contribution, we provide our views on the remaining issues on the reduced maximum UE bandwidth for RedCap. 
2. Configuration for the separate initial DL BWP 
In RAN#94-e meeting, following conclusion was made [2]:
	Conclusion for RedCap Idle mode operation
1 Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17
2 RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.



Although RAN4 provided the feedback in the reply LS [3] that it is feasible, given above conclusion that UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17, there is no need to confirm the first WA in Rel-17 that is “If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective”.
For the second WA related to an RRC-configured active DL BWP in connected mode that “A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities”, RAN2 and RAN4 provide the reply LS in [4] and [3].
RAN2 replied that the 2nd WA can be supported from signaling perspective, but whether RAN1 working assumption is acceptable should be confirmed by RAN4 since RAN4 has informed RAN2 and RAN1 that CSI-RS cannot be used as a standalone mechanism for RRM measurements [5]. 
RAN4’s feedback on the 2nd WA can be found in the following:
	For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0): 
· A RedCap UE that supports FG 6-1a but NOT support CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support SSB based L3 measurement, but cannot support CSI-RS based L3 measurement.
· A RedCap UE that supports FG 6-1a and CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support both SSB based L3 measurement and CSI-RS based L3 measurement with associated SSB.
· RAN4 will not define CSI-RS L3 based measurement requirements for Redcap 1RX UE in Rel-17.
· For serving cell timing related requirements, RAN4 will not define requirements based on CSI-RS in Rel-17. 



From the replies, especially the highlighted ones, following are observed:
· CSI-RS cannot be used as a standalone method. For RLM, BFD, CBD, L1 RSRP measurement and L3 based measurement based on CSI-RS, RedCap UE supporting FG6-1a is the precondition. This is because current RAN4 requirements are defined relying on the presence of SSB signals contained in the BWP.
· For Redcap 1RX UE, existing requirements for L3 measurement based on CSI-RS (for UEs with 2RX) cannot be used, but RAN4 will not define the requirements in Rel-17.
· It is questionable that the UE can support serving cell timing acquisition based on CSI-RS according to the existing requirements. But RAN4 will not define the requirements in Rel-17 based on CSI-RS.
Based on above observations, it is difficult to guarantee that measurement and timing based on CSI-RS can work for RedCap UEs. Therefore, we propose to not confirm the 2nd WA, or alternatively, the 2nd WA should be modified to clearly state that FG6-1a should be the prerequisite for RedCap UE supporting relevant operations based on CSI-RS. 
Proposal 1: For both FR1 and FR2, second WA can be confirmed with following updates
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) if FG 6-1a is supported by reporting optional capabilities.
 Next, we discussed the following two issues that are correlated with each other for the separate initial DL BWP.
· Issue 1: Should a separate SIB-configured initial DL BWP for RedCap always be configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· Issue 2: Should centre frequency between CORESET#0 and initial UL BWP always be aligned for a RedCap UE
For issue 1, if the answer is NO, it was proposed that a RedCap UE should use the MIB-configured CORESET#0 as the initial DL BWP during and after initial access. Then, issue 2 need to be discussed to better understand the consequences for TDD operation. For example, for RedCap UE during the initial access, if the centre frequency between CORESET#0 and initial UL BWP is NOT aligned, in some cases as shown in Figure 1, it may require RedCap UE to do the RF retuning for transmitting UL and receiving DL during the initial access, which should not be expected by the RedCap UEs. Especially, for RedCap UE after the initial access, if the centre frequency between CORESET#0 and initial UL BWP is NOT aligned, RedCap UE cannot work on such misaligned BWP#0 DL and UL after initial access. This even violates the Rel-15 assumption for normal UEs in TDD operation. 
[image: ]
Figure 1. Non-aligned centre frequency between CORESET#0 and initial UL BWP for RedCap UE
Therefore, for TDD, to support a RedCap UE after the initial access, either a separate initial DL BWP needs to be configured or the canter frequency between CORESET#0 and initial UL BWP for RedCap UE needs to be aligned. Based on above discussions, following is proposed: 
Proposal 2: When the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, if a separate SIB-configured initial DL BWP for RedCap UEs is not configured, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· [bookmark: _GoBack]For TDD, this is only applicable if the center frequencies between CORESET#0 and initial UL BWP for RedCap UE are aligned; Otherwise, UE expect to be configured with separate SIB-configured initial DL BWP for RedCap
It is noticed that following agreement related to center frequencies for DL/UL BWPs in TDD was made in RAN1#106bis-e [6]:
	Agreement:
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.



For above FFS, our understanding is for BWP configuration Option 1 and Option 2 for TDD, center frequencies are assumed to be the same for the initial DL BWP and initial UL BWP used during random access, regardless of whether the initial DL BWP includes CD-SSB and entire CORESET#0 or not. Based on our discussions for the two issues, if proposal 3 is agreeable, then for TDD, the center frequency of the MIB-configured CORESET#0 and the initial UL BWP may or may not be aligned for RedCap UEs. 
Proposal 3: For TDD,
· The center frequencies of the MIB-configured CORESET#0 and the initial UL BWP may or may not be aligned for RedCap UEs.
· The center frequencies are assumed to be the same for the initial DL and UL BWPs used during random access for RedCap UEs.
· The center frequencies are assumed to be the same for the initial DL BWP and initial UL BWP are after initial access for RedCap UEs. 
Another remaining issue is about determination of the fallback DCI format size in the separate initial DL BWP configured for RedCap UEs. In the last meeting, it was agreed that the supported bandwidths for the separate initial DL BWP for RedCap UEs can have any values up to the maximum UE bandwidth (as in legacy operation). In Rel-15/16, following is a brief summary on the determination for fallback DCI format size. 
· For DCI format 0_0 monitored in a common search space (CSS), its size is determined by the initial UL bandwidth part; 
· For DCI format 1_0 monitored in a CSS, its size is determined by	the size of CORESET 0 if CORESET 0 is configured for the cell; and the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For DCI format 0_0 monitored in a UE-specific search space (USS), its size is determined by the active UL bandwidth part.
· For DCI format 1_0 monitored in a USS, its size is determined by the active DL bandwidth part.
Note that, for DCI format 0_0 and DCI format 1_0 monitored in CSS, the size of DCI format 1_0 is the reference which means the size of DCI format 0_0 should be aligned to the size of DCI format 1_0 by padding or truncation.
In Rel-15/16, the main reasons for using CORESET 0 to determine the DCI format 1_0 size monitored in CSS for PCell are to avoid the ambiguity for RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs in terms of DCI format size and frequency-domain resource allocation during the initial access or contention based random access. Since before and during initial access, the size of CORESET 0 is assumed to be the size of initial DL BWP; and after initial access, the size configured by SIB1 becomes the size of initial DL BWP. In addition, the BWP operated by Rel-15/16 RRC_IDLE/INACTIVE and RRC_CONNECTED UEs in PCell must contain the CORESET 0. 
In Rel-17, for RedCap UEs configured with separate initial DL BWP, the DCI size for the DCI format 1_0/0_0 monitored in CSS on the separate initial DL BWP needs to be decided. There are following options. 
· Option 1: DCI format size monitored in CSS on the separate initial DL BWP is determined by the size of CORESET 0.
· Option 2: DCI format size monitored in CSS on the separate initial DL BWP is determined by the size of the separate initial DL BWP. 
· Option 3: DCI format size monitored in CSS on the separate initial DL BWP is determined by the size of the common CORESET with smallest index if common CORESET is configured for the separate initial DL BWP; and the size of separate initial DL bandwidth part or CORESET 0 if common CORESET is not configured for the separate initial DL BWP. 
For Option 1 and Option 3, one benefit is claimed as reusing the legacy mechanism. However, it is observed that there should be no DCI size ambiguity for RedCap UEs in all RRC states since the separate initial BWP only has one size configured by SIB. Then Option 3 seems not necessary and introduce more complexity. For option 1, the main benefit is to reduce RedCap UE’s complexity for DCI size or budget determination in case the separate initial DL BWP does not contain all CSS Types. Otherwise, the RedCap UE may need to maintain two fallback DCI format sizes, one is determined by the size of separate initial DL BWP or the common CORESET configured in the separate initial DL BWP, the other is determined by the CORESET 0 size contained in the legacy initial DL BWP. For example, the RedCap UE may need to switch between the separate initial DL BWP for DCI format 1_0 monitoring in Type 1 CSS and the legacy initial DL BWP for DCI format 1_0 monitoring in Type 0/0A/2 CSS. However, based on the agreement that RAN1 assumes RedCap UE performing random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET 0. Therefore, the UE’s complexity for DCI size determination may be acceptable given that the UE does not monitor the DCI format 1_0 with two different sizes at the same time. The main drawback for Option 1 and 3 is the size of CORESET 0 would limit the frequency resource allocation in the separate initial DL BWP, so that the resource cannot be efficiently used or NW’s configuration will be restricted. 
Proposal 4: for DCI format 1_0 monitored in a CSS configured on a separate initial DL BWP, down-select following two options:
· Option 1: it is determined by the size of CORESET 0.
· Option 2: it is determined by the size of the separate initial DL BWP. 

3. Remaining details of common PUCCH resource determination 
To avoid the resource fragmentation for PUSCH transmission, it was agreed that SIB can enable/disable intra-slot FH for PUCCH resource for HARQ-ACK corresponding to Msg4/MsgB for RedCap UEs in case the separate initial UL BWP is configured. In addition, to ensure the configuration flexibility for the separate initial UL BWP and the common PUCCH resources, it was also agreed that SIB1 can configure what side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped and configure additional offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point. 
One point discussed in the RAN#107-e meeting without conclusion is about whether to support that all the 16 PUCCH resources can be configured via SIB to be mapped to both sides of the RedCap UE BWP. For such configurability, we failed to understand the benefit of mapping PUCCH resources to both sides (i.e. 8 resources at the lower end and 8 resources at the higher end) in case PUCCH frequency hopping is disabled. Because it results in the frequency hopping gain loss and resource fragmentation. 
Proposal 5: Support following update for the previous agreement:
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.

Regarding to the PRB index determination, depending on the desired edge of the RedCap UL BWP for PUCCH resources, following equations can be used:
· In case PUCCH resources are mapped to the lower side of the RedCap UL BWP, the UE determines the PRB index of the PUCCH transmission as ;
· In case PUCCH resources are mapped to the higher side of the RedCap UL BWP, the UE determines the PRB index of the PUCCH transmission as 
where the  is one of 4 offsets if it is configured by SIB; otherwise,  is the value determined by the Table 9.2.1-1 in TS 38.213. 
Proposal 6: When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated, UE determines the PRB index for PUCCH resource as follows:
· In case PUCCH resources are mapped to the lower side of the RedCap UL BWP, the PRB index of the PUCCH transmission is ;
· In case PUCCH resources are mapped to the higher side of the RedCap UL BWP, the PRB index of the PUCCH transmission is 

4. Conclusion
This contribution discusses remaining issues for the reduced bandwidth for RedCap devices. The proposals are summarized as following:
Proposal 1: For both FR1 and FR2, second WA can be confirmed with following updates
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
Proposal 2: When the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, if a separate SIB-configured initial DL BWP for RedCap UEs is not configured, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, this is only applicable if the center frequencies between CORESET#0 and initial UL BWP for RedCap UE are aligned; Otherwise, UE expect to be configured with separate SIB-configured initial DL BWP for RedCap.
Proposal 3: For TDD,
· The center frequencies of the MIB-configured CORESET#0 and the initial UL BWP may or may not be aligned for RedCap UEs.
· The center frequencies are assumed to be the same for the initial DL and UL BWPs used during random access for RedCap UEs.
· The center frequencies are assumed to be the same for the initial DL BWP and initial UL BWP are after initial access for RedCap UEs. 
Proposal 4: for DCI format 1_0 monitored in a CSS configured on a separate initial DL BWP, down-select following two options:
· Option 1: it is determined by the size of CORESET 0.
· Option 2: it is determined by the size of the separate initial DL BWP. 
Proposal 5: Support following update for the previous agreement:
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.
Proposal 6: When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated, UE determines the PRB index for PUCCH resource as follows:
· In case PUCCH resources are mapped to the lower side of the RedCap UL BWP, the PRB index of the PUCCH transmission is ;
· In case PUCCH resources are mapped to the higher side of the RedCap UL BWP, the PRB index of the PUCCH transmission is 
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