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1 [bookmark: _Ref40465791]Introduction
[bookmark: _Ref61879091][bookmark: _Ref53792937]While the Rel-17 work item (WI) for the support of Reduced Capability (RedCap) NR devices was mostly completed in RAN1 by the end of RAN1 #107-e meeting, some details remain to be addressed. Some of these were captured as part of the Status Report (SR) on Rel-17 WI on RedCap approved at RAN #94-e [2]. 
In this contribution, we present our views on such remaining aspects for support of reduced bandwidth (BW) for RedCap UEs that include the following: 
· Clarification of UE behavior when separate initial DL BWP is not configured
· [bookmark: _Hlk95681957]UE behavior when SIB1-configured initial DL BWP for non-RedCap UEs is larger than max RedCap UE BW but separate initial DL BWP is not configured
· Center frequency alignment between CORESET#0 and initial UL BWP
· Center frequency alignment between initial UL and DL BWPs associated with RACH/Msg3 transmission and Type 1 CSS monitoring respectively.
· Presence of SSB in separate initial DL BWP in connected mode for BWP#0 configuration option 1
· Addressing RAN2/RAN4 feedback on RAN1 working assumptions on DL BWP operation (in response to R1-2112802)
· Remaining details of common PUCCH resource determination
2 [bookmark: _Hlk68641020]Clarification of UE behavior when separate initial DL BWP is not configured
In this section, we share our views on two outstanding cases when RedCap UE is not provided with a configuration for a separate initial DL BWP. 
2.1 UE behavior when SIB1-configured initial DL BWP for non-RedCap UEs is larger than max RedCap UE BW but separate initial DL BWP is not configured

It has been agreed that a RedCap UE can be optionally provided with a separate initial DL BWP via SIB1 such that the BW of the separate initial DL BWP does not exceed the maximum RedCap UE BW in the corresponding band. For initial UL BWP, it was also agreed that in case the initial UL BWP for non-RedCap UEs is larger than max RedCap UE BW, a RedCap UE expects a separate configuration of initial UL BWP with BW that is no larger than max RedCap UE BW.

For initial DL BWP, when a separate configuration is not provided, a RedCap UE is expected to use the one defined by CORESET#0 to receive common control in Idle/inactive modes, etc. However, for non-RedCap UEs, a gNB may configure a value of locationAndBandwidth for the initial DL BWP that is larger than the one defined by CORESET#0 as per Rel-15 operations. In this case, a non-RedCap UE applies configurations provided as part of the initial DL BWP in SIB1 except for the locationAndBandwidth parameter, which it applies upon RRC connection establishment. This functionality should be preserved with the introduction of RedCap UEs as well. For instance, the larger initial DL BWP can be provided to non-RedCap UEs while RedCap UEs could continue in the initial DL BWP defined by CORESET#0 upon RRC connection establishment until reconfigured. This would preserve the existing mechanism of initial DL BWP configuration for non-RedCap UEs while not mandating additional signaling by SIB1 (thereby increasing SIB1 payload) for RedCap UEs when the gNB may decide to serve the RedCap UEs within the DL BWP defined by CORESET#0. 

Proposal 1:
· SIB1-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.
· If not separately provided with a separate initial DL BWP for RedCap in this case, 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.
2.2 [bookmark: _Ref95686868]Center frequency alignment between CORESET#0 and initial UL BWP

Another scenario that was discussed during RAN1 #107-e without a resolution pertains the handling of the case wherein a RedCap UE is not provided with a separate initial DL BWP and thereby uses the initial DL BWP defined by CORESET#0 for DL reception. 

This relates to the following agreement from RAN1 #106bis-e meeting: 
	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.



As it can be seen from the above, 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 open case pertains the first “FFS” in parentheses in the main bullet of the above-quoted agreement.

For Rel-15, it was concluded that while DL BWP #0 and UL BWP #0 are expected to share same center frequency in TDD deployments, the center frequency of the initial DL BWP defined by CORESET#0 and initial UL BWP (UL BWP #0) may not always be aligned, and the handling was left up to UE implementation. 

While the above may work for non-RedCap UEs as they support a much larger UE BW, a RedCap UE may not be able to receive in the DL and transmit in the initial UL BWP without performing frequency retuning. However, currently, there are no mechanisms in place to accommodate frequency retuning gaps between initial DL and UL BWPs, e.g., when performing random access.

Thus, to maintain the same level of complexity and behavior considered in defining the main bullet of the above-quoted agreement, it would be natural to avoid scenarios that involve RF retuning between initial DL and initial UL BWPs during random access procedure. 

The simplest option towards this would be to also mandate that center frequencies of initial DL BWP and initial UL BWP always share the same center frequency in TDD.  However, it can be seen as being restrictive to existing configurations considering the conclusion for Rel-15. 

Thus, a reasonable option would be to relax the alignment requirement such that for the case when the initial DL BWP includes CD-SSB and CORESET #0, the span in frequency for the initial DL and initial UL BWPs that are associated with random access related DL reception and UL transmissions respectively should be limited to within the max RedCap UE BW.

Proposal 2:
· When the initial DL BWP includes CD-SSB and CORESET #0, a RedCap UE expects that the span in frequency for the initial DL and initial UL BWPs that are associated with random access related DL reception and UL transmissions respectively is limited to within the max RedCap UE BW.

Note that the second “FFS” in the above agreement leaves it open whether, presumably an additional UE capability should be 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 during maintenance phase of 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.

3 Center frequency alignment between initial UL and DL BWPs associated with RACH/Msg3 transmission and Type 1 CSS monitoring respectively
As discussed in the previous section, it has been agreed that, in TDD deployments, center frequencies of initial UL and initial DL BWPs are expected to be the same for RedCap UEs. 
However, this has not yet been captured in the latest version of TS 38.213. As part of the post-meeting CR review discussions, the specification editor had indicated the reason for not capturing it since the center frequency alignment is captured since Rel-15 in Section 12 of TS 38.213. However, in our understanding, the current text in Section 12 of TS 38.213 is not sufficient since it does not capture the decision pertinent to RedCap accurately. 
The current spec-text (since Rel-15) says the following:
	[image: ]



However, the above fails to capture the decision for RedCap accurately since, with the possible configuration of one or more of separate initial DL BWP and separate initial UL BWP for RedCap UEs the notion of “same BWP-Id” becomes ambiguous. 
Thus, it would be necessary to capture in the RAN1 specifications that a RedCap UE does not expect to receive a configuration where the center frequency for an initial DL BWP (at least when it does not include CD-SSB and CORESET#0) is different than the center frequency for an initial UL BWP (separate or shared with non-RedCap UEs) in which the RedCap UE may transmit Msg1/Msg3 or MsgA. The text can be further updated depending on the conclusion for the issue discussed in Section 2.2. 

Proposal 3:
· [bookmark: _Hlk95688663]Capture the following UE behavior in TS 38.213:
· A RedCap UE does not expect to receive a configuration where the center frequency for an initial DL BWP (at least when it does not include CD-SSB and CORESET#0) is different than the center frequency for an initial UL BWP (separate or shared with non-RedCap UEs) in which the RedCap UE may transmit Msg1/Msg3 or MsgA.
· Note: The above text can be further updated depending on the resolution of the issue in Section 2.2 of this contribution.
4 Presence of SSB in separate initial DL BWP in connected mode for BWP#0 configuration option 1

During the RAN1 #106-e meeting, RAN1 made the following agreement:
	Agreements:
 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.



Further, during RAN1 #107-e meeting, the following were agreed (only parts of the agreement relevant to current discussion quoted below):
	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.

…
· 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.

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.
…
· 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.




For BWP#0 configuration option 1, the initial DL BWP is not considered to be an RRC-configured BWP, although a UE may be configured to operate using the initial DL BWP after RRC connection setup. In such a case using BWP#0 configuration option 1, if a RedCap UE is configured with a separate initial DL BWP for random access-related DL reception, it would be expected to remain on the initial DL BWP as its active DL BWP upon RRC connection setup until reconfigured. On the other hand, as the above agreements indicate, it is not clear if the RedCap UE may expect SSB within the initial DL BWP that serves as the active DL BWP in this case. Further, for a UE supporting mandatory FG 6-1, it may not be possible to operate in the active DL BWP without any SSB. 
Thus, for BWP#0 configuration option 1, a RedCap UE should be provided with Non-Cell Defining-SSB (NCD-SSB) transmission in the separate initial DL BWP when it is used in connected mode if the separate initial DL BWP does not include the CD-SSB. 

Proposal 4:
· For BWP#0 configuration option 1, a RedCap UE can expect to be provided with Non-Cell Defining-SSB (NCD-SSB) transmission in the separate initial DL BWP when it is used in connected mode if the separate initial DL BWP does not include the CD-SSB.
5 Addressing RAN2/RAN4 feedback on RAN1 working assumptions on DL BWP operation (in response to R1-2112802)
In this section, we highlight the key decisions and consequent RAN1 actions following the feedback received from RAN2 and RAN4. 
Since the outgoing LS from RAN1 (in R1-2112802), RAN1 received multiple response LSs from RAN2 and RAN4 on the topics related to configuration of NCD-SSB, paging monitoring in Idle/Inactive modes, and CSI-RS-only-based RRM measurements. 
On NCD-SSB configuration and characteristics, we propose the following based on the feedback received:
· NCD-SSB shares the same PCID as CD-SSB
· Periodicity of NCD-SSB is at least not shorter than that for CD-SSB
· For a given SSB index, same QCL assumptions apply for NCD-SSB as the corresponding CD-SSB
· The same Tx power assumption between CD-SSB and NCD-SSB is defined as the default
· “Off-sync raster” location for NCD-SSB: The NCD-SSB is located with non-zero offsets from the NR frequency raster.

On the Tx power for NCD-SSB vs. that for CD-SSB, considering the coverage and UE power consumption impact, and the likely reduced DL reception capabilities for RedCap UEs, it would be desirable to maintain same Tx power level between the two. This becomes more relevant when the periodicity of NCD-SSB is extended compared to that for CD-SSB. On the other hand, while applying any additional power boosting for NCD-SSB (compared to CD-SSB) may be feasible in some scenarios, it may not be critical when considering that a RedCap UE would still have to rely on CD-SSB for some procedures, e.g., paging monitoring in initial DL BWP. On the other hand, additional power boosting for NCD-SSB may have adverse impact in terms of increased inter-cell interference. Thus, the assumption same Tx power between CD- and NCD-SSB would be a reasonable choice, that also obviates defining additional higher-layer signaling (new RRC paramaters) for indication of the Tx power difference if any. 

The “off-sync raster” location for NCD-SSB is the most straightforward approach to avoid false detection of a NCD-SSB as a CD-SSB. Alternatively, modifying the sequences used for the NCD-SSB, e.g., by applying different cyclic shifts, etc., may be necessary to avoid misidentification of NCD-SSB as a CD-SSB.

Proposal 5:
· If Non-Cell Defining-SSB (NCD-SSB) is configured in a DL BWP for RedCap, the NCD-SSB bears the following characteristics: 
· NCD-SSB shares the same PCID as CD-SSB;
· Periodicity of NCD-SSB is at least not shorter than that for CD-SSB;
· For a given SSB index, same QCL assumptions apply for NCD-SSB as the corresponding CD-SSB;
· Same Tx power assumption between CD-SSB and NCD-SSB is defined as the default
· “Off-sync raster” location for NCD-SSB: The NCD-SSB is located with with non-zero offsets from the NR frequency raster.

Further, to indicate the frequency location for a configured NCD-SSB, a RedCap UE may be provided via higher layer signaling 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 separate initial DL BWP or RRC-configured DL BWP (i.e., indication of a frequency offset in number of PRBs from the lowest PRB of the DL BWP). Subcarrier level-offset (indicated by kSSB and currently provided to the UE via MIB) can also be optionally provided to the UE via higher layer signaling.
In the above, for separate initial DL BWP (e.g., for BWP#0 configuration option 1), the above configuration may be provided by SIB signalling, while for an RRC-configured DL BWP, the above configuration may be provided by dedicated RRC signalling. 

Proposal 6:
· A RedCap UE can be provided with the frequency location of a NCD-SSB in a DL BWP via higher layer signaling where the frequency location for the starting (lowest) PRB index of the NCD-SSB is indicated. 
· The DL BWP may be:
· separate initial DL BWP, or 
· RRC-configured DL BWP
· The PRB index could be based on:
· the Common Resource Block (CRB) grid, or
· with respect to the lowest PRB of the corresponding DL BWP.
· Subcarrier level-offset (indicated by kSSB and currently provided to the UE via MIB) can also be optionally provided to the UE via higher layer signaling.

For the RAN2 LS in [5], in case UE is configured with separate initial DL BWP for random access without SSB within the separate initial DL BWP, RAN2’s assumption can be confirmed – that is, it is left up to UE implementation for any RSRP measurements prior to any Msg1/MsgA retransmission attempts.

Next, we consider the support of using CSI-RS only for RRM measurements in a non-initial DL BWP. 

In particular, RAN4 notes the following in their LS replies in [3] and [7] respectively:
	Question 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

RAN4 answer: 
RAN4 has no conclusions on whether CSI-RS is a feasible alternative of SSB in the non-initial BWP of RedCap UE. It is RAN4 understanding that CSI-RS are not used as a standalone mechanism for RRM measurements and the existing requirements rely on the presence of SSB signals. Whether to support CSI-RS as an alternative to SSB is up to RAN1 decision.



	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. 



And RAN2 notes the following in their LS reply in [4]:
	· The use of CSI-RS for cell/beam RLM and measurements is supported from RAN2 signalling standpoint as indicated earlier. RAN4 has informed RAN2 and RAN1 that CSI-RS cannot be used as a standalone mechanism for RRM measurements and existing requirements rely on the presence of SSB signals, in their reply LS provided in R4-2120327. RAN2 does not intend to introduce a new mechanism that would enable a RedCap UE to perform CSI-RS based RRM measurements and think that it is up to RAN4 to decide whether RAN1 working assumption regarding the use of CSI-RS in connected mode is acceptable based on the information provided above.



From the above responses from RAN2 and RAN4, it appears that the use of only CSI-RS for RRM measurements (without any SSB) seems unlikely in Rel-17 for RedCap UEs. Although RAN4 indicates that a UE supporting FG 6-1a and CSI-RS based L3 measurements may be able to support some of the RRM measurements based on CSI-RS, use of CSI-RS for L3 measurements still assumes that associated SSB is detectable by the UE. In this regard, it is not clear if such approach would work for serving and neighbor cells unless measurement gaps are defined. 
RAN4 indicated that RAN4 will not define CSI-RS based L3 measurement requirements for RedCap UEs with 1Rx branch. Thus, for 1Rx RedCap UEs, this optional feature may not be available/defined in the first place.
Furthermore, RAN4 indicated that they would not define requirements based on CSI-RS-based timing determining for the serving cell. Thus, reliance on SSBs become critical again – necessitating use of measurement gaps to facilitate SSB reception if SSB is not present in a non-initial DL BWP that may be active. 
Thus, the simplest option at the current stage of Rel-17 WI maintenance would be to not introduce the optional capability of “Not need NCD-SSB” based on use of CSI-RS only as a standalone signal for RRM measurements, i.e., not confirm the related working assumption. 

Also, the configuration of paging monitoring in idle/inactive modes in an initial DL BWP without CD-SSB has been ruled out by the decision in RAN #94-e meeting. Thus, the first working assumption in each of the two RAN1 agreements for FR1 and FR2 respectively on configuration of paging monitoring in separate initial DL BWP needs to be reverted.

Proposal 7:
The following (indicated using red-underline) RAN1 working assumptions are not confirmed: 
	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




6 Remaining details of common PUCCH resource determination
For cell-common PUCCH resources, current specs mandate use of frequency hopping at the edge of the UL BWP. It was agreed that frequency hopping (FH) for cell-common PUCCH resources for RedCap UEs may be disabled 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. 

During the RAN1 #107-e meeting, it was debated without conclusion as to whether PUCCH resources may be mapped to either edge of the separate initial UL BWP when FH is disabled. In our view, it may not be essential to support configuration of PUCCH resources at both edges especially when FH is disabled for PUCCH resources to avoid resource fragmentation. Thus, for simplicity, it is recommended that PUCCH resources may be configured to only one edge of the UL BWP. 
Further, an additional PRB offset may be configured from the edge of the UL BWP to avoid any potential overlap with PUCCH resources for non-RedCap UEs. 
Thus, a modified version of a proposal discussed during RAN1 #107-e meeting is suggested below.

Proposal 8:
· 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 either upper or lower edge of the initial UL BWP for RedCap.
· 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.

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.

Proposal 9:
· Multiplexing between non-FH and FH PUCCH from RedCap and non-RedCap UEs respectively is left up to gNB implementation. 
7 Conclusions
In this contribution, we presented our views on the remaining details 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.

Proposal 1:
· SIB1-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.
· If not separately provided with a separate initial DL BWP for RedCap in this case, 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.

Proposal 2:
· When the initial DL BWP includes CD-SSB and CORESET #0, a RedCap UE expects that the span in frequency for the initial DL and initial UL BWPs that are associated with random access related DL reception and UL transmissions respectively is limited to within the max RedCap UE BW.

Proposal 3:
· Capture the following UE behavior in TS 38.213:
· A RedCap UE does not expect to receive a configuration where the center frequency for an initial DL BWP (at least when it does not include CD-SSB and CORESET#0) is different than the center frequency for an initial UL BWP (separate or shared with non-RedCap UEs) in which the RedCap UE may transmit Msg1/Msg3 or MsgA.
· Note: The above text can be further updated depending on the resolution of the issue in Section 2.2 of this contribution.

Proposal 4:
· For BWP#0 configuration option 1, a RedCap UE can expect to be provided with Non-Cell Defining-SSB (NCD-SSB) transmission in the separate initial DL BWP when it is used in connected mode if the separate initial DL BWP does not include the CD-SSB.

Proposal 5:
· If Non-Cell Defining-SSB (NCD-SSB) is configured in a DL BWP for RedCap, the NCD-SSB bears the following characteristics: 
· NCD-SSB shares the same PCID as CD-SSB;
· Periodicity of NCD-SSB is at least not shorter than that for CD-SSB;
· For a given SSB index, same QCL assumptions apply for NCD-SSB as the corresponding CD-SSB;
· Same Tx power assumption between CD-SSB and NCD-SSB is defined as the default
· “Off-sync raster” location for NCD-SSB: The NCD-SSB is located with with non-zero offsets from the NR frequency raster.
Proposal 6:
· A RedCap UE can be provided with the frequency location of a NCD-SSB in a DL BWP via higher layer signaling where the frequency location for the starting (lowest) PRB index of the NCD-SSB is indicated. 
· The DL BWP may be:
· separate initial DL BWP, or 
· RRC-configured DL BWP
· The PRB index could be based on:
· the Common Resource Block (CRB) grid, or
· with respect to the lowest PRB of the corresponding DL BWP.
· Subcarrier level-offset (indicated by kSSB and currently provided to the UE via MIB) can also be optionally provided to the UE via higher layer signaling.

Proposal 7:
The following (indicated using red-underline) RAN1 working assumptions are not confirmed: 
	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




Proposal 8:
· 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 either upper or lower edge of the initial UL BWP for RedCap
· 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.

Proposal 9:
· Multiplexing between non-FH and FH PUCCH from RedCap and non-RedCap UEs respectively is left up to gNB implementation. 
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For unpaired spectrum operation, a DL BWP from the set of configured DL BWPs with index provided by BWP-Id is
linked with an UL BWP from the set of configured UL BWPs with index provided by BWP-Id when the DL BWP index
and the UL BWP index are same. For unpaired spectrum operation, a UE does not expect to receive a configuration
where the center frequency for a DL BWP is different than the center frequency for an UL BWP when the BWP-Id of
the DL BWP is same as the BWP-Id of the UL BWP.




