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1 [bookmark: _Ref40465791]Introduction
[bookmark: _Ref61879091][bookmark: _Ref53792937]At RAN plenary meeting #91-E, the work item (WI) for the support of Reduced Capability (RedCap) NR devices was updated, and the following objectives related to UE complexity reduction in relation to number of Rx branches were identified [1]:
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.



Also, during RAN1 #104 meeting, the following were agreed [2]:
	Agreements:
· Sharing of the same SSB and CORESET#0 between RedCap and non-RedCap UEs is supported when the bandwidth is no wider than the RedCap UE bandwidth
· The initial DL BWP (derived based on MIB/SIB) for RedCap UEs can be the same as the initial DL BWP for non-RedCap UEs at least when the initial DL BWP is no wider than the RedCap UE bandwidth.
· FFS: after initial access, whether a RedCap UE is allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth 
· Discuss further whether or not it is also applicable during initial access
· The initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.
· FFS: during and after initial access, whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth 
· FFS whether or not to further introduce the following (e.g., for offloading purpose, for differentiation of RedCap vs. non RedCap UEs, for different BWP#0 configuration options, etc.)
· Whether an additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs
· Whether the SIB-configured initial DL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
· Whether the SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs.

Conclusion: RAN1 does not consider acquisition time improvements for FR2 RedCap UEs with SSB and CORESET#0 multiplexing patterns 2 and 3 as part of this WI.

Agreements:
· Study further how to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth, with the following options:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Option 3: gNB configuration (e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
· Other options are not precluded

Conclusion:
Discuss further in RAN1#104b-e whether or not to send LS to RAN4 regarding RF retuning time, and if so, the RAN1 details associated with question.

Agreements:
· Study further whether and how to enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, with the following options:
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· FFS more than one starting PRB position
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
· Option 4: gNB configuration (e.g., always restricting the initial UL BWP to within RedCap UE bandwidth, or restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH)
· As an example, with restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH, when the initial UL BWP is the same for RedCap and non-RedCap UEs, the PUCCH (for Msg4/[MsgB] HARQ feedback) and PUSCH (for Msg3/[MsgA]) are within the RedCap UE bandwidth
· Other options are not precluded



Subsequently, during RAN1 #104bis-E meeting, the following was agreed [3]:
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).

Working assumption: After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)

Agreement:
· During initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.

Agreement:
· After initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.


Working assumption: A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 ("Basic BWP operation with restriction" as described in TR 38.822) is used as a starting point for the RedCap UE type capability.



During RAN1 #105-e meeting, the following were agreed [4]:
	Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.

Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  

Agreement:Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.


Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.



Working assumption: For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)

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



During RAN1 #106-e meeting the following decisions were made [5]:
	Agreement 
Replace the RAN1#104bis-e working assumption with the following agreement:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).
 
Agreement
 Confirm the following working assumptions from RAN1#105-e:
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
 
Agreement
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.
  
Agreement
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.



During RAN1 #106bis-E meeting, the following decisions were made [6].
	Agreement: 
Confirm the working assumption:
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled at least via SIB.

Agreement
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases
· FFS whether part of the configuration is implicitly signaled

Working Assumption
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included

Agreement
· Send an LS to RAN2 and RAN4 to ask about using NCD-SSB instead of CD-SSB for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB.
· Draft the LS until Tuesday 19th October.
· Indicate in the LS that a response is needed before RAN1#107-e.
· Indicate in the LS both option 1 and option 2
Agreement
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Agreement
With below revision, draft R1-2110599 is endorsed in principle
1. [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
1. Remove the blue part of questions
1. [RAN2/4] if neither NCD-SSB nor CD-SSB is not transmitted in the initial/non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the initial/non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation, for idle/inactive/connected mode
Final LS R1-2110600 is endorsed

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.




In this contribution, we present our views on the support of reduced UE BW for RedCap UEs considering the above WI objectives and decisions from previous RAN1 meetings. 
2 [bookmark: _Hlk68641020]Some key opens regarding configuration of DL and UL BWPs
Based on the discussions and decisions from the previous RAN1 meetings, we observe that several key and interrelated questions need to be addressed towards finalizing the designs for DL/UL BWP configurations, and especially, for initial DL/UL BWP configurations, for RedCap UEs. As should be apparent, some of these questions are already identified as FFS points during previous discussions/decisions. 
It has been agreed as a working assumption that both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs. Related to this scenario, the following questions need to be addressed [7].
Following the decisions from RAN1 #106bis-E meeting, some of the listed questions below have been addressed already as is elaborated in the following discussions.  
· Q1: For TDD, whether or not to additionally support configuration of initial UL BWP separate from that of non-RedCap UEs if the center frequencies between the initial DL BWP (defined by CORESET#0) and the separate initial UL BWP are different; if so, how to minimize center frequency retuning?
· Q2: Whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission from RedCap UEs?
· Q3: For TDD, if Q1 is answered in the affirmative, then whether a separate initial DL BWP should be mandatorily configured separately to RedCap UE to always align center frequencies between initial DL and UL BWPs?
· Q4: For TDD, if Q3 is answered in the affirmative, then whether it is also mandated that SSB and PDCCH search space (SS) sets for PDCCH CSS types 0/0A/1/2 and associated CORESET(s) are provided to RedCap UE for the separate initial DL BWP?
· Q5: What is the assumption on mandatory UE capability regarding BW of an active DL BWP for RedCap UE? Specifically, whether a RedCap UE is mandated to support an active DL BWP with BW that does not include the SSB and CORESET #0, and if so, then details of associated UE behavior(s) for SSB and/or common control reception?
· Q6: For FDD, whether an initial DL BWP, separate from that for non-RedCap UEs, can be provided to RedCap UE for operation after initial access?
[bookmark: _Hlk84013947]These questions have been relevant since RAN1 #105-e meeting and still remain open.
In the following sections, we present our views on the key open issues raised by the above questions. 
3 Aspects related to reduced BW support in RRC Idle/Inactive modes
In this section, we focus on Questions Q1 through Q4 related to configuration and UE behavior in RRC idle/inactive modes. 
Towards addressing the above questions, we consider two possible approaches that diverge starting from the answer to Q1. 
	Q1: For TDD, whether or not to additionally support configuration of initial UL BWP separate from that of non-RedCap UEs if the center frequencies between the initial DL BWP (defined by CORESET#0) and the separate initial UL BWP are different; if so, how to minimize center frequency retuning?



With the following agreement the above question can be seen as answered in the affirmative, and thus, Option B below is the track to consider further. 
	Agreement
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases


Option A:
· Answer to Q1 is in the negative
· For TDD, separate initial UL BWP for RedCap UEs is supported only when center frequencies between the initial DL BWP (defined by CORESET#0) and the separate initial UL BWP are aligned.
· Addressing Q2 (Q2: Whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission from RedCap UEs?):
· The initial DL BWP defined by CORESET #0 and separate initial UL BWP for RedCap UEs can be configured at the edge of the carrier with aligned center frequencies. 
· The PUSCH resource fragmentation due PUCCH transmissions from RedCap UEs in response to Msg4 PDSCH using cell-common PUCCH resources can be minimized by providing RedCap UEs with a separate configuration PUCCH resources as part of the separate initial UL BWP with frequency hopping disabled. 
· In addition, it is always possible to provide the same initial UL BWP configuration to both RedCap and non-RedCap UEs, with the possibility of configuring non-RedCap UEs subsequently, post initial access. 
· With Option A, Q3 and Q4 are not applicable.
Option B:
· Answer to Q1 is in the affirmative
· For TDD, separate initial UL BWP for RedCap UEs is supported such that center frequencies between the initial DL BWP (defined by CORESET#0) and the separate initial UL BWP may NOT be aligned.
· Addressing Q2 (Q2: Whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission from RedCap UEs?):
· gNB can configure the separate initial UL BWP for RedCap UEs at an edge of the UL carrier to further minimize any PUSCH resource fragmentation for non-RedCap UEs.
· PUSCH resource fragmentation due PUCCH transmissions from RedCap UEs in response to Msg4 PDSCH using cell-common PUCCH resources can be minimized by providing RedCap UEs with a separate configuration PUCCH resources as part of the separate initial UL BWP with frequency hopping disabled. Similarly, for Msg3 PUSCH from RedCap UEs.
· In addition, it is always possible to provide the same initial UL BWP configuration to both RedCap and non-RedCap UEs, with the possibility of configuring non-RedCap UEs subsequently, post initial access. 
· Addressing Q3 (Q3: For TDD, if Q1 is answered in the affirmative, then whether a separate initial DL BWP should be mandatorily configured separately to RedCap UE to always align center frequencies between initial DL and UL BWPs?): 
· The following agreement relates to Q3.
	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.



· Thus, it was agreed that for TDD, center frequencies are aligned between initial DL and UL BWPs at least when the initial DL BWP is a separate initial DL BWP and does not fully include the CD-SSB and CORESET #0. 
· The first “FFS” (text in parentheses) in the agreement should be interpreted as it being open whether center frequencies are assumed as aligned for initial DL and UL BWPs when the initial DL BWP includes CD-SSB and CORESET #0. 
· This case was left for further discussions since there were views that for Rel-15, a UE may not expect that the center frequencies between initial DL BWP defined by CORESET #0 and the initial UL BWP may be aligned, and thus, similar rule should apply for RedCap UEs. However, in such a case, for RedCap UEs, the main bullet would contradict with this case since, if center frequencies between initial DL BWP (if including CD-SSB and CORESET #0) and initial UL BWP may be different, then the RedCap UE would be required to perform RF retuning whenever the total frequency span exceeds max RedCap UE BW. 
· A possible optimization could be to relax the alignment requirement when the initial DL BWP includes CD-SSB and CORESET #0 and the span in frequency for the initial DL and UL BWP (in which UE is expected to transmit PRACH) is within max RedCap UE BW. However, at this stage, we do not think it worth complicating the procedures to optimize for this special case. 
· Thus, in our view, 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.
· The second “FFS” in the above agreement leaves it open whether, presumably an additional UE capability is defined, such that the center frequencies between initial DL and UL BWPs used during random access may NOT be assumed as aligned. While technically feasible, we think this direction need not be pursued at this stage in view of the late stage in the WI. Furthermore, if there would be RedCap UEs in the cell without this capability, the gNB may not benefit much from the presence of some of the RedCap UEs supporting non-aligned center frequencies between initial DL and UL BWPs used during random access.
· Addressing Q4 (Q4: For TDD, if Q3 is answered in the affirmative, then whether it is also mandated that SSB and PDCCH search space (SS) sets for PDCCH CSS types 0/0A/1/2 and associated CORESET(s) are provided to RedCap UE for the separate initial DL BWP?):
· Considering the decisions discussed so far, we take a closer look at the different common control message reception and their mapping to the separate initial DL BWP:
· In general, MIB-configured CORESET #0 need not always be included within the separate initial DL BWP.
· In case MIB-configured CORESET #0 is not included in the separate initial DL BWP, a PDCCH CORESET #0A can be configured in the separate initial DL BWP via SIB1 signaling.

· While it would be most beneficial from the perspective of UE implementation if SSB and all PDCCH CSS types (0/0A/1/2) are mapped to the separate initial DL BWP, this would certainly incur a significant amount of additional overhead (OH), especially due to duplication of SI information in the separate initial DL BWP. Thus, it would NOT be appropriate to mandate gNB to map all common control and SSB to the separate initial DL BWP.

· Recall that it has been agreed that at least the initial DL and UL BWPs used for random access can be assumed to have aligned center frequencies. 
· Accordingly, it would be logical to expect that a RedCap UE may expect that at least PDCCH CSS Type 1 and associated PDSCH for random access procedure is mapped to the separate initial DL BWP.
· Consequently, a RedCap UE, upon transmission of RACH in the separate initial UL BWP, can continue to monitor PDCCH CSS Type 1 in CORESET #0A in the separate initial DL BWP, and thereby avoid RF retuning between DL and UL. 

· PDCCH CSS Type 2 for paging monitoring can be optionally configured in the separate initial DL BWP. For PDCCH CSS Type 2 for paging monitoring, if it is mapped to the separate initial DL BWP, it may be desirable that UE can receive SSB as well without frequency retuning from the separate initial DL BWP, especially for UE in Idle/Inactive mode. 
· In such a case, it may be mandated that SSB can be received by the UE without frequency retuning from the separate initial DL BWP if PDCCH CSS Type 2 is mapped to the separate initial DL BWP. This can be achieved by allowing configuration of NCD-SSB in the separate initial DL BWP.
· For NCD-SSB for RedCap UEs, it would be most reasonable to align most parameters, including SCS, Tx power, QCL mapping, SSB indexing, and PCI, between the CD-SSB and NCD-SSB, except for frequency location, and possibly periodicity. 
· However, at least for NCD-SSB in separate initial DL BWP to be used during Idle/inactive modes, the periodicity should be same between NCD- and CD-SSB (for similar UE power consumption between CORESET #0 and separate initial DL BWP).

· To avoid the excessive OH from SI delivery, PDCCH CSS Types 0/0A need NOT be duplicated in the separate initial DL BWP. That is, it can be up to gNB configuration to map SI to the separate initial DL BWP.
· Prior to RRC connection, UE can acquire SI messages in MIB-configured CORESET #0.
· When configured in the separate initial DL BWP, the signaling of the configuration for Type 0 PDCCH CSS can be provided to the UE using 4 bits as used via Master Information Block (MIB) signaling for CORESET #0 defined by MIB.
As mentioned above, for reception of NCD-SSB in an active DL BWP (initial or non-initial) that may be different from the Cell Defining-SSB (CD-SSB), a RedCap UE may assume that the configuration for NCD-SSB is same as that for CD-SSB, with the exception of (i) frequency location and (ii) possibly periodicity. The first exception relates to the most straightforward way to avoid misidentification of an NCD-SSB as a CD-SSB by positioning the non-CD-SSB off the NR synchronization raster, while the second exception can be considered for non-initial DL BWPs to allow for trade-off against increased system overhead (OH) from NCD-SSB transmission in a serving cell by increasing the periodicity for NCD-SSB. For initial DL BWPs, as described above, it would beneficial to maintain same periodicities between CD- and NCD-SSB to ensure similar Idle mode power consumptions from paging monitoring if NCD-SSB and paging are configured in the separate initial DL BWP.
In addition, different sets of cyclic shifts for Primary Synchronization Signal (PSS) and/or Secondary Synchronization Signal (SSS) may be applied for SSB in the separate initial DL BWP compared to those specified for PSS and SSS respectively in Rel-15. This can further help avoid misidentification of an NCD-SSB the CD-SSB. 
Also, a RedCap UE, when provided with SSB configuration in the separate initial DL BWP (DL BWP #0A), may be provided with the frequency location of the SSB via SIB1 signaling. The UE may be provided with the starting (lowest) PRB index for the SSB, where the PRB index may be based on: (1) the Common Resource Block (CRB) grid, or (2) defined within the set of PRBs indexed within the DL BWP #0A (i.e., indication of the frequency offset in number of PRBs from the lowest PRB of the DL BWP #0A), or (3) indication of the frequency offset in number of PRBs from the lowest PRB of the CORESET #0A. Subcarrier level-offset (indicated by kSSB and currently provided to the UE via MIB) can also be optionally provided to the UE via SIB1 signaling.
Based on the above analysis we make the following set of proposals on initial DL BWP configuration for RedCap UEs as a possible way forward, which is aligned with “Option 2” that was discussed during RAN1 #106bis-E meeting (see next Section).

Proposal 1:
· 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.
· For TDD, non-aligned center frequencies between initial DL and UL BWP used during random access is NOT supported in Rel-17. 

Proposal 2:
· For both TDD and FDD, a RedCap UE may be configured via SIB1 with a separate initial DL BWP (“DL BWP #0A”) for use in idle/inactive modes:
·  MIB-configured CORESET #0 need not always be included within the separate initial DL BWP.
· In case CORESET #0 is not included in the separate initial DL BWP, a PDCCH CORESET #0A can be configured in the separate initial DL BWP.
· A RedCap UE may expect that at least PDCCH CSS Type 1 (for random accesss) and associated PDSCH for random access procedure are mapped to the separate initial DL BWP.
· A UE may NOT expect SSB to be configured within the separate initial DL BWP if the separate initial DL BWP is configured with PDCCH CSS Type 1 mapped to CORESET #0A and NOT configured with PDCCH CSS Type 2 mapped to CORESER #0A.
· It is up to gNB configuration on whether PDCCH CSS Type 2 (for paging) may be mapped to the separate initial DL BWP.
· A UE may expect SSB to be configured within the separate initial DL BWP if the separate initial DL BWP is configured with PDCCH CSS Type 2 mapped to CORESET #0A.
· It is up to gNB configuration on whether PDCCH CSS Types 0/0A (RMSI/OSI) may be mapped to the separate initial DL BWP.
· A UE may expect SSB and PDCCH CSS Type 2 to be configured within the separate initial DL BWP if the separate initial DL BWP is configured with PDCCH CSS Types 0/0A mapped to CORESET #0A.
Proposal 3:
· If Non-Cell Defining-SSB (NCD-SSB) is configured in the separate initial DL BWP for RedCap, the NCD-SSB periodicity, indexing, Tx power, QCL mapping, and SCS are identical to the Cell Defining SSB (CD-SSB) for the cell but located with non-zero offsets from the NR frequency raster in the frequency.
· When provided with SSB configuration in the separate initial DL BWP (DL BWP #0A), a RedCap UE can be provided with the frequency location of the SSB via SIB1 signaling.

Regarding configuration of separate initial DL BWP, the configuration for a separately configured initial DL BWP for RedCap UEs can be signaled in SIB1. The separate initial DL BWP for RedCap UEs can include configuration of CORESET and CSS(s), and corresponding PDSCH-ConfigCommon as discussed above. The detailed signaling solutions for the configurations can be left up to RAN2.

In addition to the above, it is expected that RedCap UEs may support enhanced paging reception as a UE power saving feature. In this case, a RedCap UE may also be configured with PDCCH CSS sets and Monitoring Occasions (MOs) for Paging Early Indication (PEI) reception. Thus, a RedCap UE, when configured with PEI for paging monitoring, may expect to be provided with configuration of PEI and configuration of Synchronization Signal Block (SSB) in a separate initial DL BWP (DL BWP #0A) that is configured via SIB signaling with Type 1 PDCCH CSS for random access related DL reception for RedCap UEs if the DL BWP #0A is also configured with Type 2 PDCCH CSS for paging reception. Again, the SSB periodicity and indexing can be identical to the Cell Defining SSB (CD-SSB) but not located on the NR synchronization raster in the frequency domain.
Proposal 4:
· A RedCap UE, when configured with PEI for paging monitoring (if supported for RedCap), may expect to be provided with configuration of PEI and configuration of Synchronization Signal Block (SSB) in the separate initial DL BWP (DL BWP #0A) that is configured via SIB signaling with at least Type 1 PDCCH CSS for random access related DL reception for RedCap UEs if the DL BWP #0A is also configured with Type 2 PDCCH CSS for paging reception.
4 Aspects related to reduced BW support in RRC Connected mode
In this section, we focus on Questions Q5 through Q6 related to configuration and UE behavior in RRC connected mode. 
Addressing Q5:
Question Q5 is reproduced below for convenience:
	Q5: What is the assumption on mandatory UE capability regarding BW of an active DL BWP for RedCap UE? Specifically, whether a RedCap UE is mandated to support an active DL BWP with BW that does not include the SSB and CORESET #0, and if so, then details of associated UE behavior(s) for SSB and/or common control reception?



On this, the following options were discussed during RAN1 #106bis-E meeting.
	· 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



Further, an LS was sent to RAN2 and RAN4 to receive confirmation/clarification on the following.
	RAN1 respectfully requests RAN2 and RAN4 to provide feedback about the use of NCD-SSB instead of CD-SSB in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts (when applicable) for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB. Specifically, RAN1 would like RAN2/RAN4 to respond to the following questions before the RAN1#107-e meeting:
1) [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
2) [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE
3) [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
4) [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
5) [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs
6) [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation
7) [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
8) [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement




Here, we consider the question of baseline capability of RedCap UEs w.r.t. SSB and CORESET #0 within active DL BWP.
First, it is observed that it would be extremely inefficient if RedCap UEs always expect that CORESET #0 is included within the active DL BWP. Thus, FGs #6-1 and 6-1a (at least FGs #6-1) should be adapted for RedCap UEs such that RedCap UEs mandatorily support operation in active DL BWPs that may not necessarily include CORESET #0. 
If CORESET #0A is configured to a RedCap UE as part of separate initial DL BWP (DL BWP #0A) configuration, it should be possible to be used for reception of common control messages that may be mapped to the CORESET #0A via appropriate configuration of the respective PDCCH CSS Type. In other words, if an active DL BWP does not include CORESET #0 but includes CORESET #0A to which at least PDCCH Type 1 CSS set is mapped, then the UE may be configured with other PDCCH CSS types that may include Types 0/0A/1/2 for common control reception in RRC connected mode.
In general (i.e., regardless of inclusion of CORESET #0 or CORESET #0A), a RedCap UE may be configured with the following PDCCH CSS types in the active DL BWP but such configuration may not be always expected by the RedCap UE:
· PDCCH CSS Types 0/0A
· PDCCH CSS Type 1
· PDCCH CSS Type 2
When not provided with corresponding PDCCH CSS sets for Types 0/0A/1/2 in the active DL BWP, a RedCap should not be expected to receive RMSI/OSI-, random access (RA)-, or paging-related PDCCH and PDSCH respectively in the active DL BWP. This is well-aligned with Rel-15 principles and can be maintained for Rel-17 RedCap.
However, a RedCap UE should be able to operate in an active DL BWP without either CORESET #0 or CORESET #0A included within the active DL BWP. 

Proposal 5:
· RedCap UEs mandatorily support operation in active DL BWPs that may not include MIB-configured CORESET #0 or SIB1-configured CORESET #0A. 

Proposal 6:
· (Rel-15 behavior) RedCap UE can be expected to receive common control within an active DL BWP in RRC connected mode if CORESET #0 is included within the active DL BWP.
· When configured with CORESET #0A as part of separate initial DL BWP, a RedCap UE can be expected to receive common control within an active DL BWP in RRC connected mode if CORESET #0A is included within the active DL BWP and the corresponding PDCCH CSS type(s) is/are mapped to CORESET #0A. 

Proposal 7:
· For a RedCap UE in RRC connected mode, the following applies for an active DL BWP:
· MIB-configured CORESET #0: May not be included (up to gNB configuration)
· Random access (PDCCH CORESET, Type 1 CSS, and associated PDSCH): Up to gNB configuration
· Paging (PDCCH CORESET, Type 2 CSS, and associated PDSCH): Up to gNB configuration
· RMSI/OSI (PDCCH CORESET, CSS, and associated PDSCH): Up to gNB configuration
· RedCap UE is NOT expected to monitor for random access, paging, or SI if not configured with corresponding PDCCH CSS in the active DL BWP (R15 principle)
· For SI acquisition in connected mode, rely on dedicated signaling (onDemandSIB-Request) as baseline mechanism when PDCCH CSS Types 0/0A are not mapped to CORESET(s) within active DL BWP.

With the above discussion, the key component of Q5 boils down to the expectation of the UE w.r.t. presence of SSB within an active DL BWP in RRC connected mode. 
RF retuning, possibly with or without measurement gaps, can be utilized to support FG #6-1a in the context of assumption on presence of SSB within active DL BWP. Thus, it can be mandated that RedCap UEs support operation without SSB in an active DL BWP. To facilitate easier time-frequency tracking, RedCap UEs may expect to be configured with TRS in an active DL BWP that may not include SSB. In this context, it should be noted that, depending on relative periodicity of the SSB and TRS configurations, the overall impact to DL overhead may/may not be comparable.  
Considering the strong concerns within RAN1 on increase in the UE complexity/power consumption to handle such operation, as a compromise, the previous decision of assuming FG 6-1 as the only mandatory capability can be applied for Rel-17 RedCap (subject to the adaptation of the assumption on inclusion of CORESET #0 within an active DL BWP).
Next, we note that the case of FR2 is still open regarding support of basic BWP operation capabilities. For FR2, certain SSB-CORESET #0 configurations for multiplexing patterns 2/3 can result in a combined BW of SSB and CORESET #0 to exceed 100 MHz. Requiring mandatory support of FG 6-1a in such cases can avoid an effective DL BWP size greater than 100 MHz. However, considering that FG 6-1a implies that frequency retuning-based reception between SSB and CORESET #0 (unlike non-RedCap UEs that can receive both, even when SSB may be outside active DL BWP, using a larger RF BW in the UE receiver), the impact on RedCap UE operations may be significant. On the other hand, not supporting these few configurations in FR2 in cells supporting RedCap UEs may not impose a significant practical constraint. 
Thus, it is preferred that a RedCap UE is only expected to support FG #6-1 as basic BWP operation capability even in FR2. 
Also, the handling for both when the active DL BWP is an RRC-configured DL BWP or SIB1-configured DL BWP can be similar. 
Proposal 8:
· For both FR1 and FR2, 
· FG # 6-1 (limited to expectation on presence of SSB) is mandatorily supported by RedCap UEs (already agreed for FR1)
· RedCap UE may expect presence of SSB that may be (1) Cell Defining SSB (CD-SSB), or (2) a non-cell defining-SSB configured within the separate initial DL BWP (DL BWP #0A), or (3) a separate configuration of non-cell defining-SSB in the active DL BWP (for RRC-configured DL BWP).
· This corresponds to mandatory RedCap UE feature.
· FG #6-1a can be supported by RedCap UEs as an optional capability.
· A UE optionally supporting operation without SSB transmission in the RRC-configured active DL BWP shall not expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to optional RedCap UE feature.
· The same UE behavior applies to when the active DL BWP is either an RRC-configured DL BWP or SIB1-configured DL BWP.

Addressing Q6:
Question Q6 is reproduced below for convenience:
	Q6: For FDD, whether an initial DL BWP, separate from that for non-RedCap UEs, can be provided to RedCap UE for operation after initial access?



Q6 can be addressed separately from the other questions, and in our view, the option to configure a separate initial DL BWP for RedCap UEs from that of non-RedCap UEs for use after RRC connection establishment would be useful for FDD systems as well (e.g., for support of BWP #0 for non-RedCap UEs per “Option 2”), and thus, Q6 should be answered in the affirmative. In fact, this i

Proposal 9:
· For post-RRC configuration, an initial DL BWP, different from that defined by CORESET #0 indicated by MIB, can be provided to RedCap UEs separately from that for non-RedCap UEs.
· Applicable for FDD in addition to TDD (TDD case already agreed as WA during RAN1 #105-e).

According to Rel-15 NR specifications, a UE may be provided with a configuration for the locationAndBandwidth parameter for the initial DL BWP via SIB1 that then replaces the initial DL BWP defined by CORESET #0 once the UE is in RRC_CONNECTED mode, that is, for RRC_IDLE and RRC_INACTIVE modes, DL BWP #0 defined by CORESET #0 is used for DL reception.
 
With the introduction of RedCap UEs, the configuration of initial DL BWP provided via SIB1, may apply separately for non-RedCap and RedCap UEs. In particular, the configuration of initial DL BWP as indicated via SIB1 (in initialDownlinkBWP) may not be used by RedCap UEs. That is, the indication may only apply to non-RedCap UEs. Such a design approach can also allow for use of Config 2 for DL BWP #0 configuration for non-RedCap UEs in RRC_CONNCETED mode. 
Further, RedCap UEs may be optionally provided with a separate configuration of either the initialDownlinkBWP structure or the locationAndBandwidth parameter for DL BWP #0A configuration via SIB1. In the absence of separate configuration for RedCap UEs in SIB1 and if the BW indicated by locationAndBandwidth parameter for DL BWP #0 configuration via SIB1 exceeds max RedCap UE BW, RedCap UEs may continue to use the DL BWP #0 defined by CORESET #0 as they transition to RRC_CONNECTED mode.
Proposal 10:
· SIB-configured DL BWP can be provided to non-RedCap UEs as in Rel-15 with bandwidth that may be larger than max RedCap UE BW for use after RRC connection.
· At least when not provided with separate initial DL BWP for use during initial access, RedCap UEs may be optionally provided with a separate configuration of either the initialDownlinkBWP structure or the locationAndBandwidth parameter for DL BWP #0A configuration (separate initial DL BWP) via SIB1 for use after RRC connection.
· If not separately provided with such configuration, RedCap UE uses: 
· the configuration as in initialDownlinkBWP in SIB1 (common between RedCap and non-RedCap), if the BW is within max RedCap UE BW; and
· CORESET #0 to define DL BWP #0, otherwise.
· Note: The above signaling mechanisms (separate configuration of either the initialDownlinkBWP structure or the locationAndBandwidth parameter for DL BWP #0 configuration via SIB1) can be used to provide RedCap UEs with separate initial DL BWP for use during initial access as well.
Next, we consider the following related working assumption from RAN1 #106bis-E meeting.
	Working Assumption
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included




For the FFS bullet in the above WA, we observe that it is NOT necessary to configure a separate initial DL BWP for RedCap UEs if the SIB1-configured initial DL BWP for non-RedCap UEs is wider than max RedCap UE BW. Since the initial DL BWP (frequency location and BW) defined by CORESET #0 is also used by non-RedCap UEs until RRC connection, non-RedCap UEs would apply the SIB1-configured (possibly larger) initial DL BWP configuration after RRC connection. In such a case, as explained in Proposal 10, RedCap UEs can still operate in the initial DL BWP defined by CORESET #0 if a separate initial DL BWP is NOT configured for RedCap UEs. This flexibility should be ensured for gNB configuration, and thus, we have the following proposal.

Proposal 11:
· It is NOT mandated for the gNB to configure a separate initial DL BWP if the SIB1-configured initial DL BWP for non-RedCap UEs is wider than max RedCap UE BW.
· In this case, RedCap UE uses the initial DL BWP defined by CORESET #0 upon RRC connection.
For the last working assumption limiting the applicability of the separate initial DL BWP after initial access to the case when MIB configured CORESET #0 is included, we note that there is no reason why the separate initial DL BWP may not be utilized after initial access if it does not contain CORESET #0. The simple reason being that the separate initial DL BWP can be expected to at least be configured with a “CORESET #0A” with at least random access related PDCCH and PDSCH configurations mapped to the BWP. gNB may optionally also configure one or more of paging/RMSI/OSI search space sets as well to the separate initial DL BWP. In such a case, a RedCap UE can be expected to receive corresponding common control mapped to CORESET #0A if the active DL BWP includes CORESET #0A, etc., as described in Proposal 6.
Proposal 12:
· The separate initial DL BWP, if provided, applies also after initial access when MIB configured CORESET #0 is NOT included within the separate initial DL BWP. 

5 On UL BWP configurations and UE behavior
Next, for separate configuration of initial UL BWP for RedCap UEs, the configuration for Msg3 PUSCH and cell-common PUCCH needs to be defined. Towards this, we note that for Msg3 PUSCH, it may be necessary to disable FH in certain cases, and this can be achieved via the UL grant in the RAR itself. Thus, additional new configuration may not be necessary. 
However, for cell-common PUCCH resources, current specs mandate use of frequency hopping at the edge of the UL BWP. As discussed above, it could be beneficial to disable frequency hopping for cell-common PUCCH resources for RedCap UEs to minimize PUSCH resource fragmentation. With FH disabled, it can also be expected that the PUCCH resources may need some adjustment compared to that for non-RedCap UEs to maintain sufficient reliability. Thus, the most reasonable option would be to provide RedCap UEs with a configuration of cell-common PUCCH resources as part of the separate initial UL BWP configuration. 

The following was agreed during RAN1 #106bis-E meeting.
	Agreement
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.




To the first FFS above, it should be sufficient to enable/disable PUCCH FH as part of the PUCCH-ConfigCommon provided to the UE for the separate initial UL BWP in SIB, where the signaling details can be left up to RAN2. 

Proposal 13:
· Enabling/disabling of PUCCH FH within the separate initial UL BWP is indicated to the UE as part of the PUCCH-ConfigCommon provided to the UE for the separate initial UL BWP in SIB1.
· Any optimized encoding (e.g., differentially encoded w.r.t. that for non-RedCap UEs, etc.) is left up to RAN2.  

Regarding multiplexing of non-FH and FH PUCCH resources, as baseline they can be multiplexed using different PRBs, i.e., based on FDM. CDM-based multiplexing on one of the hops (for each FH PUCCH) may also be possible in some cases with proper arrangement of first and second frequency hops between the FH and non-FH PUCCH resources, again, realized by gNB implementation. Thus, standardized solutions may not be necessary to enhance multiplexing further, beyond the clarification of the PUCCH-ConfigCommon resources, whereby the first eight resources may be mapped to the first frequency hop (for entire PUCCH duration) and the next eight resources may be mapped to the second frequency hop (for the entire PUCCH duration). 
Proposal 14:
· Multiplexing between non-FH and FH PUCCH from RedCap and non-RedCap UEs respectively is left up to gNB implementation. 
· For default PUCCH resources provided via PUCCH-ConfigCommon in separate initial UL BWP for RedCap UEs with FH disabled, the first half of the resources are mapped to the first frequency hop, while the second half of the resources are mapped to the second frequency hop.

Overall, we have the following proposal to summarize the RACH and PUCCH configuration options in separate initial UL BWP.
Proposal 15:
· Msg3 PUSCH and PUCCH (with HARQ-ACK in response to Msg4 PDSCH) are transmitted in the initial UL BWP configured for RedCap UEs. 
· Msg3 PUSCH with FH is limited to within initial UL BWP for RedCap UEs (w/in RedCap UE max BW)
· Rel-15 procedures and UE behavior apply, including ability to disable FH via UL grant in the RAR.
· If a separate initial UL BWP is configured for RedCap UEs, it also includes rach-ConfigCommon.
· When PUCCH FH is enabled, PUCCH w/ HARQ-ACK in response to Msg4 PDSCH applies FH at edge of initial UL BWP configured for RedCap UEs.
· Rel-15 procedures and UE behavior apply.
· If a separate initial UL BWP is configured for RedCap UEs, it also includes pucch-ConfigCommon to indicate common PUCCH resources, that may include only PUCCH resources without FH.

6 Conclusions
In this contribution, we presented our views on the normative specification work necessary for efficient support of RedCap UEs with reduced UE BW in existing and future NR deployments with minimal impact to non-RedCap UEs.
Based on the presented discussion, our views can be summarized via the following proposals.

Center frequency alignment between DL and UL in TDD

Proposal 1:
· 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.
· For TDD, non-aligned center frequencies between initial DL and UL BWP used during random access is NOT supported in Rel-17. 

Separate initial DL BWP for use in idle/inactive modes

Proposal 2:
· For both TDD and FDD, a RedCap UE may be configured via SIB1 with a separate initial DL BWP (“DL BWP #0A”) for use in idle/inactive modes:
·  MIB-configured CORESET #0 need not always be included within the separate initial DL BWP.
· In case CORESET #0 is not included in the separate initial DL BWP, a PDCCH CORESET #0A can be configured in the separate initial DL BWP.
· A RedCap UE may expect that at least PDCCH CSS Type 1 (for random accesss) and associated PDSCH for random access procedure are mapped to the separate initial DL BWP.
· A UE may NOT expect SSB to be configured within the separate initial DL BWP if the separate initial DL BWP is configured with PDCCH CSS Type 1 mapped to CORESET #0A and NOT configured with PDCCH CSS Type 2 mapped to CORESER #0A.
· It is up to gNB configuration on whether PDCCH CSS Type 2 (for paging) may be mapped to the separate initial DL BWP.
· A UE may expect SSB to be configured within the separate initial DL BWP if the separate initial DL BWP is configured with PDCCH CSS Type 2 mapped to CORESET #0A.
· It is up to gNB configuration on whether PDCCH CSS Types 0/0A (RMSI/OSI) may be mapped to the separate initial DL BWP.
· A UE may expect SSB and PDCCH CSS Type 2 to be configured within the separate initial DL BWP if the separate initial DL BWP is configured with PDCCH CSS Types 0/0A mapped to CORESET #0A.
Proposal 3:
· If Non-Cell Defining-SSB (NCD-SSB) is configured in the separate initial DL BWP for RedCap, the NCD-SSB periodicity, indexing, Tx power, QCL mapping, and SCS are identical to the Cell Defining SSB (CD-SSB) for the cell but located with non-zero offsets from the NR frequency raster in the frequency.
· When provided with SSB configuration in the separate initial DL BWP (DL BWP #0A), a RedCap UE can be provided with the frequency location of the SSB via SIB1 signaling.
Proposal 4:
· A RedCap UE, when configured with PEI for paging monitoring (if supported for RedCap), may expect to be provided with configuration of PEI and configuration of Synchronization Signal Block (SSB) in the separate initial DL BWP (DL BWP #0A) that is configured via SIB signaling with at least Type 1 PDCCH CSS for random access related DL reception for RedCap UEs if the DL BWP #0A is also configured with Type 2 PDCCH CSS for paging reception.

DL/UL BWPs in RRC Connected mode

Proposal 5:
· RedCap UEs mandatorily support operation in active DL BWPs that may not include MIB-configured CORESET #0 or SIB1-configured CORESET #0A. 

Proposal 6:
· (Rel-15 behavior) RedCap UE can be expected to receive common control within an active DL BWP in RRC connected mode if CORESET #0 is included within the active DL BWP.
· When configured with CORESET #0A as part of separate initial DL BWP, a RedCap UE can be expected to receive common control within an active DL BWP in RRC connected mode if CORESET #0A is included within the active DL BWP and the corresponding PDCCH CSS type(s) is/are mapped to CORESET #0A. 

Proposal 7:
· For a RedCap UE in RRC connected mode, the following applies for an active DL BWP:
· MIB-configured CORESET #0: May not be included (up to gNB configuration)
· Random access (PDCCH CORESET, Type 1 CSS, and associated PDSCH): Up to gNB configuration
· Paging (PDCCH CORESET, Type 2 CSS, and associated PDSCH): Up to gNB configuration
· RMSI/OSI (PDCCH CORESET, CSS, and associated PDSCH): Up to gNB configuration
· RedCap UE is NOT expected to monitor for random access, paging, or SI if not configured with corresponding PDCCH CSS in the active DL BWP (R15 principle)
· For SI acquisition in connected mode, rely on dedicated signaling (onDemandSIB-Request) as baseline mechanism when PDCCH CSS Types 0/0A are not mapped to CORESET(s) within active DL BWP.
Proposal 8:
· For both FR1 and FR2, 
· FG # 6-1 (limited to expectation on presence of SSB) is mandatorily supported by RedCap UEs (already agreed for FR1)
· RedCap UE may expect presence of SSB that may be (1) Cell Defining SSB (CD-SSB), or (2) a non-cell defining-SSB configured within the separate initial DL BWP (DL BWP #0A), or (3) a separate configuration of non-cell defining-SSB in the active DL BWP (for RRC-configured DL BWP).
· This corresponds to mandatory RedCap UE feature.
· FG #6-1a can be supported by RedCap UEs as an optional capability.
· A UE optionally supporting operation without SSB transmission in the RRC-configured active DL BWP shall not expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to optional RedCap UE feature.
· The same UE behavior applies to when the active DL BWP is either an RRC-configured DL BWP or SIB1-configured DL BWP.

Proposal 9:
· For post-RRC configuration, an initial DL BWP, different from that defined by CORESET #0 indicated by MIB, can be provided to RedCap UEs separately from that for non-RedCap UEs.
· Applicable for FDD in addition to TDD (TDD case already agreed as WA during RAN1 #105-e).
Proposal 10:
· SIB-configured DL BWP can be provided to non-RedCap UEs as in Rel-15 with bandwidth that may be larger than max RedCap UE BW for use after RRC connection.
· At least when not provided with separate initial DL BWP for use during initial access, RedCap UEs may be optionally provided with a separate configuration of either the initialDownlinkBWP structure or the locationAndBandwidth parameter for DL BWP #0A configuration (separate initial DL BWP) via SIB1 for use after RRC connection.
· If not separately provided with such configuration, RedCap UE uses: 
· the configuration as in initialDownlinkBWP in SIB1 (common between RedCap and non-RedCap), if the BW is within max RedCap UE BW; and
· CORESET #0 to define DL BWP #0, otherwise.
· Note: The above signaling mechanisms (separate configuration of either the initialDownlinkBWP structure or the locationAndBandwidth parameter for DL BWP #0 configuration via SIB1) can be used to provide RedCap UEs with separate initial DL BWP for use during initial access as well.
Proposal 11:
· It is NOT mandated for the gNB to configure a separate initial DL BWP if the SIB1-configured initial DL BWP for non-RedCap UEs is wider than max RedCap UE BW.
· In this case, RedCap UE uses the initial DL BWP defined by CORESET #0 upon RRC connection.
Proposal 12:
· The separate initial DL BWP, if provided, applies also after initial access when MIB configured CORESET #0 is NOT included within the separate initial DL BWP. 

UL BWP configurations and UE behavior

Proposal 13:
· Enabling/disabling of PUCCH FH within the separate initial UL BWP is indicated to the UE as part of the PUCCH-ConfigCommon provided to the UE for the separate initial UL BWP in SIB1.
· Any optimized encoding (e.g., differentially encoded w.r.t. that for non-RedCap UEs, etc.) is left up to RAN2.  
Proposal 14:
· Multiplexing between non-FH and FH PUCCH from RedCap and non-RedCap UEs respectively is left up to gNB implementation. 
· For default PUCCH resources provided via PUCCH-ConfigCommon in separate initial UL BWP for RedCap UEs with FH disabled, the first half of the resources are mapped to the first frequency hop, while the second half of the resources are mapped to the second frequency hop.
Proposal 15:
· Msg3 PUSCH and PUCCH (with HARQ-ACK in response to Msg4 PDSCH) are transmitted in the initial UL BWP configured for RedCap UEs. 
· Msg3 PUSCH with FH is limited to within initial UL BWP for RedCap UEs (w/in RedCap UE max BW)
· Rel-15 procedures and UE behavior apply, including ability to disable FH via UL grant in the RAR.
· If a separate initial UL BWP is configured for RedCap UEs, it also includes rach-ConfigCommon.
· When PUCCH FH is enabled, PUCCH w/ HARQ-ACK in response to Msg4 PDSCH applies FH at edge of initial UL BWP configured for RedCap UEs.
· Rel-15 procedures and UE behavior apply.
· If a separate initial UL BWP is configured for RedCap UEs, it also includes pucch-ConfigCommon to indicate common PUCCH resources, that may include only PUCCH resources without FH.
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