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1. Background
In RAN2#118 meeting, RAN2 made the following agreement for R17 RedCap UE:
· “If paging and OSI search space are configured in the RedCap-specific initial DL BWP which contains CD-SSB, it is up to NW configuration whether the associated physical time/frequency domain resources can be the same as or different from the ones in the legacy initial DL BWP (FFS whether we need to update the field description).”
However, this agreement does not recognize the potential increase of system overhead and implementation complexity incurred by separate CSS sets configuration in the RedCap-specific initial BWP.  In this contribution, we discussed a few issues resulted from separate CSS configurations for RedCap UE. To clarify the NW configurations for RedCap UE and avoid contradictions with existing specifications, we proposed to send an LS to RAN2 and ask RAN2 to revisit/revise their previous agreement.

2. RedCap-Specific Initial DL BWP Configuration
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Figure 1: Examples of RedCap-Specific Initial DL/UL BWP Configuration

To camp on a suitable cell in NR/5G network, RedCap and non-RedCap UEs in idle/inactive state need to monitor SIB1, OSI and paging information. SIB1 is scheduled by a PDCCH transmitted in Type0-CSS set, which is associated with CORESET#0. Unlike SIB1, the CSS sets for OSI and/or paging information can be associated with another CORESET different from CORESET#0.

Due to BW reduction, a separate initial DL BWP can be configured for RedCap devices as shown in Figure 1(A)-(C). 

· In the example of Figure 1(B), the RedCap-specific initial DL BWP includes CD-SSB but not the entire CORESET#0. Based on RAN1 agreements and R17 specifications [1, 2], CSS sets for SIB1/OSI/paging can be configured for RedCap UE within the BW of CORESET#0, and CSS set for RA can be configured outside the BW of CORESET#0. 
· In the example of Figure 1(C), the RedCap-specific initial DL BWP includes CD-SSB and the entire CORESET#0. The initial DL BWP of RedCap UE (configured by initialDownlinkBWP-RedCap in DownlinkConfigCommonSIB) can be wider than the initial DL BWP of non-RedCap UEs in idle/inactive state (configured by MIB). 

According to the following agreement of RAN2#118, NW can configure a separate search space (SS) for paging/OSI in the RedCap-specific initial DL BWP shown in Figure 1(b):
· “If paging and OSI search space are configured in the RedCap-specific initial DL BWP which contains CD-SSB, it is up to NW configuration whether the associated physical time/frequency domain resources can be the same as or different from the ones in the legacy initial DL BWP (FFS whether we need to update the field description).”

However, such configurations contradict with RAN1’s agreements and R17 specifications. According to R17 specifications [1, 2], a RedCap UE is not expected to be configured with a paging and OSI CSS when the RedCap-specific initial DL BWP does not include the entire CORESET#0:
· TS 38.213-h40
 “For an initial DL BWP provided by initialDownlinkBWP-RedCap in DownlinkConfigCommonSIB, if a UE in RRC_IDLE state or in RRC_INACTIVE state monitors PDCCH according to Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE does not expect the initial DL BWP to include SS/PBCH blocks and the CORESET with index 0.”
· TS 38.331-h30
“The network configures the commonControlResourceSet in SIB1 so that it is contained in the bandwidth of CORESET#0. If the RedCap-specific initial downlink BWP does not contain the entire CORESET#0, the network configures the commonControlResourceSet in SIB1 for RedCap so that it is not contained in the bandwidth of CORESET#0.”

This field (InitialBWP-Paging) is optionally present, Need R, if this BWP is the initialDownlinkBWP or initialDownlinkBWP-RedCap including CD-SSB and the entire CORESET#0, and pei-Config is configured in DownlinkConfigCommonSIB. Otherwise, this field is absent.
	
If (initialDownlinkBWP-RedCap field) present, RedCap UEs use this DL BWP instead of initialDownlinkBWP. If the locationAndBandwidth of this BWP contains the entire CORESET#0, the UE applies the locationAndBandwidth upon reception of this field (e.g., to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment. Otherwise, i.e., if the locationAndBandwidth of this BWP does not contain the entire CORESET#0, the UE uses this BWP for receiving DL messages during initial access (Msg2, MsgB, Msg4) and after initial access. If absent, RedCap UEs use initialDownlinkBWP provided that it does not exceed the RedCap UE maximum bandwidth (see also clause 5.2.2.4.2).

Therefore, we have the following proposal:

[bookmark: P1]Proposal 1:  Send an LS to RAN2 and ask RAN2 to reverse/revisit their agreements on NW configuration, so that a RedCap UE is not expected to be configured with a separate SS for receiving paging information and OSI when the RedCap-specific initial DL BWP does not contain the entire CORESET#0.

In the scenario of Figure 1(C), the RedCap-specific initial DL BWP contains CD-SSB and the entire CORESET#0. Since OSI and paging information are broadcast to both RedCap and non-RedCap UEs, NW can configure CSS sets for OSI and paging on the same time/frequency resources for all UEs. In fact, shared CSS configurations are beneficial for both NW and UE due to the following reasons: 
· using the same time/frequency resources saves the system overhead of NW
· monitoring the same CSS sets associated with a common CORESET (e.g., CORESET#0, or the additional CORESET shared by the initial DL BWPs of RedCap and non-RedCap UEs) reduces the implementation complexity for all UEs
· shared CSS configurations comply with existing agreements and specifications for RedCap/non-RedCap UEs
· avoiding extra discussions and specification efforts on avoiding or handling the duplicates/collisions of broadcast information on different time/frequency resources 

[bookmark: _Hlk125624054][bookmark: O1]Observation 1: If the RedCap-specific initial DL BWP includes CD-SSB and the entire CORESET#0, RedCap and non-RedCap UEs can be configured with shared CSS sets at least for SIB1, OSI, paging information, RA, and other broadcast information if configured (e.g., PEI, MBS), which are beneficial for both NW and UE to reduce the system overhead, implementation complexity and specification impacts.

[bookmark: P2]Proposal 2: If a RedCap-specific initial DL BWP includes CD-SSB and the entire CORESET#0, NW should support shared CSS configurations for RedCap and non-RedCap UEs, which are associated with a common CORESET that is contained within the BW of CORESET#0.
· The common CORESET can either be CORESET#0, or commonControlResourceSet configured by PDCCH-ConfigCommon for both RedCap and non-RedCap UEs.


3. Restrictions on Separate CSS Configuration for RedCap UEs
In a NR/5G NW, OSI for RedCap and non-RedCap UE can be multiplexed on the same SI message and scheduled by the same PDCCH. For the sake of spectral efficiency, the CSS for OSI should be mapped to the same time/frequency resource shared by RedCap and non-RedCap UEs. Otherwise, NW needs to increase the time/frequency resources allocated for OSI as well as the CSS set for searchSpaceOtherSystemInformation. 

Furthermore, the paging occasion (PO) of a NR UE is determined by its UE_ID (5G-S-TMSI) rather than the UE type (RedCap or non-RedCap). When a UE is in idle/inactive state, its UE capabilities are not necessarily known to NW. Considering this, it is unclear if NW can configure a RedCap-specific CSS to page RedCap UEs only. If paging information for both RedCap and non-RedCap UEs are multiplexed in time/frequency/space domains and broadcast by NW, using a common time/frequency resource within the BW of CORESET#0 should be a more efficient solution for energy and radio resource utilization.

[bookmark: O2]Observation 2: In terms of energy and resource utilization efficiency, it is not efficient for NW to configure RedCap-specific time/frequency resource for CSS sets associated with broadcast messages targeting all UE types (including SIB1, OSI and paging information), especially when the RedCap-specific initial DL BWP contains the entire CORESET#0.
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Figure 2: CORESET Configuration within RedCap-Specific Initial DL BWP

For a non-RedCap UE camping on a NR cell, it needs to monitor Type0-PDCCH CSS set for SIB1. In addition to CORESET#0, a non-RedCap UE can be provided with another commonControlResourceSet and  ControlResourceSetId >0. The additional common CORESET, as illustrated by CORESET#1a in Figure 2(A)-(B), is contained within the BW of CORESET#0. When operating on the initial DL BWP corresponding to CORESET#0, a non-RedCap UE is not required to support more than one CORESET in addition to CORESET#0.

[bookmark: _Hlk125643959]Similarly, a RedCap UE has to monitor Type0-PDCCH CSS set associated with CORESET#0 when camping on a suitable cell, and the UE is not required to support more than one CORESETs in addition to CORESET#0. As shown in Figure 2(A)-(B), a RedCap UE can operate on an initial DL BWP wider than CORESET#0,  and the UE can apply the RedCap-specific parameters to PDCCH (pdcch-ConfigCommon) and PDSCH (pdsch-ConfigCommon) transmitted on the RedCap-specific initial DL BWP. According to [1-3], pdsch-TimeDomainAllocationList, common CORESET and CSS sets can be separately configured for RedCap UE and non-RedCap UE within their respective initial DL BWP. If pdsch-TimeDomainAllocationList, commonControlResourceSet, or commonSearchSpaceList are configured for the RedCap-specific initial DL BWP, a RedCap UE is not expected to employ a different configuration corresponding to the initial DL BWP of non-RedCap UE.  As a result, the additional common CORESET for RedCap UE can either re-use the same CORESET configuration of non-RedCap UE (e.g.,  CORESET#1a in Figure 2(A)), or employ a separate frequency resource configured for RedCap UE only (e.g., CORESET#1b in Figure 2(B)). When RedCap and non-RedCap UEs share a CSS set in idle/inactive state, the time/frequency resource configuration for PDCCH and PDSCH (scheduled by PDCCH transmitted in the shared CSS set) should be the same across two different initial DL BWPs.

[bookmark: O3]Observation 3:  When a RedCap UE operating on the RedCap-specific initial DL BWP is provided with a configuration for an additional common CORESET, and the RedCap-specific initial DL BWP includes the entire CORESET#0, the additional common CORESET for RedCap UE can use:
· either a common CORESET configuration shared with idle/inactive non-RedCap UEs, or
· a separate frequency resource configured for RedCap UEs only.

[bookmark: O4]Observation 4:  When a RedCap UE monitors CSS sets on the RedCap-specific initial DL BWP containing the entire CORESET#0, the CSS sets are either associated with CORESET#0, or an additional CORESET contained within the BW of the RedCap-specifical initial DL BWP.

[bookmark: O5]Observation 5:  When a RedCap UE monitors a CSS set on the RedCap-specific initial DL BWP containing the entire CORESET#0, and the CSS set is associated with a CORESET different from CORESET#0, the additional CORESET is either a common CORESET shared with non-RedCap UEs, or a CORESET separately configured for RedCap UE.

[bookmark: O6]Observation 6:  When a RedCap UE monitors CSS sets on the RedCap-specific initial DL BWP containing the entire CORESET#0:
· if the paging CSS set for RedCap UEs and non-RedCap UEs is shared (using the same time/frequency resource) and is associated with a common CORESET different from CORESET#0, a RedCap UE is not expected to be configured with a RedCap-specific CORESET for CSS sets of RA, PEI, OSI and other broadcast information;
· similarly, if the OSI CSS set for RedCap UEs and non-RedCap UEs is shared (using the same time/frequency resource) and is associated with a common CORESET different from CORESET#0, a RedCap UE is not expected to be configured with a RedCap-specific CORESET for CSS sets of RA, paging, PEI, and other broadcast information;
· similarly, if the RA CSS set for RedCap UEs and non-RedCap UEs is shared (using the same time/frequency resource) and is associated with a common CORESET different from CORESET#0, a RedCap UE is not expected to be configured with a RedCap-specific CORESET for CSS sets of OSI, paging, PEI, and other broadcast information.

[bookmark: O7]Observation 7:  If RedCap and non-RedCap UEs share a CSS set configuration when operating on their initial DL BWPs with the same or different locationAndBandwidth, the time/frequency resource configuration for the PDCCH/PDSCH associated with the shared CSS set should be the same regardless their initial BWP configurations.
[bookmark: P3]Proposal 3: When a RedCap UE monitors a CSS set on a RedCap-specific initial DL BWP and the CSS set is shared with non-RedCap UEs, the RedCap UE does not expect a different time/frequency resource configurations for the PDCCH/ PDSCH associated with the shared CSS set.

[bookmark: P4]Proposal 4:  Include the observations and proposals of this contribution in the LS to RAN2, and ask RAN2 to specify necessary rules to ensure the consistency of signalling/parameters for RedCap-specific initial DL BWP configurations.

4. Restrictions on SDT Configurations for RedCap UE
NR UEs with infrequent data transmission are generally maintained by the NW in RRC_INACTIVE state. Nevertheless, signalling overhead from INACTIVE state UEs for small data packets is a general problem and will become a critical issue with more UEs in a NR NW, not only for network performance and efficiency but also for the UE battery performance. Therefore, both RedCap and non-RedCap devices with intermittent small data packets in RRC_INACTIVE state will benefit from enabling RA-SDT and/or CG-SDT in their initial DL and UL BWPs. 
[bookmark: _Hlk127478541][bookmark: _Hlk127479797]According to specifications for CG-SDT procedures [2, 4], a UE (RedCap and non-RedCap) is required to measure SS-RSRP to select the CG-PUSCH resources associated with a suitable SSB for initial and subsequent new transmissions of CG-SDT. Moreover, a UE (RedCap and non-RedCap) performing CG-SDT or RA-SDT is required to monitor SI change indication in any paging occasion at least once per modification period per the agreements of RAN2 [2]. When the RedCap-specific initial DL BWP does not include the SSB associated with CG-SDT configuration, it would be challenging or even impossible for a RedCap UE to support CG-SDT transmission, especially for short configuration periods of CG-PUSCH (e.g., Tcg = 5, 8, 10 ms) [1]. Although SI updates do not happen frequently, monitoring paging PDCCH and re-acquiring SI outside the RedCap-specific initial DL BWP will interrupt an ongoing SDT procedure and increase the complexity of RedCap UE.

[bookmark: O8]Observation 8:  When the RedCap-specific initial DL BWP does not include the SSB associated with CG-PUSCH configuration/validation/transmission, it would be challenging or even impossible for a RedCap UE to support CG-SDT procedure.

[bookmark: O9]Observation 9:  If the RedCap-specific initial DL BWP is not configured with CSS sets for paging and SI, a RedCap UE performing SDT needs to switch BWP to monitor SI change and re-acquire SIB1/OSI, which interrupts an ongoing SDT procedure and increases UE complexity.

[bookmark: O10]Observation 10:  When the RedCap-specific initial DL BWP does not include SSB, it would be challenging or even impossible for a RedCap UE to maintain tracking loops (e.g., tracking timing offset, frequency offset and AGC) without measuring SSB outside its initial DL BWP, support subsequent RA-SDT transmissions, and handle potential collisions between RA-SDT, BWP switching and SSB measurement.

[bookmark: P5]Proposal 5: A RedCap UE can perform RA-SDT or CG-SDT in a RedCap-specific initial BWP only if the BWP is configured with SSB, which can be either CD-SSB or NCD-SSB.

[bookmark: P6]Proposal 6:  If a RedCap-specific initial DL BWP is not configured with CSS sets for paging/SIB1/OSI, a RedCap UE is not required to switch BWP to monitor SI update while its SDT procedure is ongoing.
· It is up to NW implementation to ensure the RedCap UE to receive SI update in the RedCap-specific initial DL BWP while the SDT procedure is ongoing, or to re-acquire updated SI outside the RedCap-specific initial DL BWP when the SDT procedure is not ongoing.

5. Conclusion
In this contribution, we discussed the remaining issues for UE complexity reduction. To summarize, we have the following observations and proposals:

Observation 1: If the RedCap-specific initial DL BWP includes CD-SSB and the entire CORESET#0, RedCap and non-RedCap UEs can be configured with shared CSS sets at least for SIB1, OSI, paging information, RA, and other broadcast information if configured (e.g., PEI, MBS), which are beneficial for both NW and UE to reduce the system overhead, implementation complexity and specification impacts.

Observation 2: In terms of energy and resource utilization efficiency, it is not efficient for NW to configure RedCap-specific time/frequency resource for CSS sets associated with broadcast messages targeting all UE types (including SIB1, OSI and paging information), especially when the RedCap-specific initial DL BWP contains the entire CORESET#0.

Observation 3:  When a RedCap UE operating on the RedCap-specific initial DL BWP is provided with a configuration for an additional common CORESET, and the RedCap-specific initial DL BWP includes the entire CORESET#0, the additional common CORESET for RedCap UE can use:
· either a common CORESET configuration shared with idle/inactive non-RedCap UEs, or
· a separate frequency resource configured for RedCap UEs only.

Observation 4:  When a RedCap UE monitors CSS sets on the RedCap-specific initial DL BWP containing the entire CORESET#0, the CSS sets are either associated with CORESET#0, or an additional CORESET contained within the BW of the RedCap-specifical initial DL BWP.

Observation 5:  When a RedCap UE monitors a CSS set on the RedCap-specific initial DL BWP containing the entire CORESET#0, and the CSS set is associated with a CORESET different from CORESET#0, the additional CORESET is either a common CORESET shared with non-RedCap UEs, or a CORESET separately configured for RedCap UE.

Observation 6:  When a RedCap UE monitors CSS sets on the RedCap-specific initial DL BWP containing the entire CORESET#0:
· if the paging CSS set for RedCap UEs and non-RedCap UEs is shared (using the same time/frequency resource) and is associated with a common CORESET different from CORESET#0, a RedCap UE is not expected to be configured with a RedCap-specific CORESET for CSS sets of RA, PEI, OSI and other broadcast information;
· similarly, if the OSI CSS set for RedCap UEs and non-RedCap UEs is shared (using the same time/frequency resource) and is associated with a common CORESET different from CORESET#0, a RedCap UE is not expected to be configured with a RedCap-specific CORESET for CSS sets of RA, paging, PEI, and other broadcast information;
· similarly, if the RA CSS set for RedCap UEs and non-RedCap UEs is shared (using the same time/frequency resource) and is associated with a common CORESET different from CORESET#0, a RedCap UE is not expected to be configured with a RedCap-specific CORESET for CSS sets of OSI, paging, PEI, and other broadcast information.


Observation 7:  If RedCap and non-RedCap UEs share a CSS set configuration when operating on their initial DL BWPs with the same or different locationAndBandwidth, the time/frequency resource configuration for the PDCCH/PDSCH associated with the shared CSS set should be the same regardless their initial BWP configurations.

Observation 8:  When the RedCap-specific initial DL BWP does not include the SSB associated with CG-PUSCH configuration/validation/transmission, it would be challenging or even impossible for a RedCap UE to support CG-SDT procedure.

Observation 9:  If the RedCap-specific initial DL BWP is not configured with CSS sets for paging and SI, a RedCap UE performing SDT needs to switch BWP to monitor SI change and re-acquire SIB1/OSI, which interrupts an ongoing SDT procedure and increases UE complexity.

Observation 10:  When the RedCap-specific initial DL BWP does not include SSB, it would be challenging or even impossible for a RedCap UE to maintain tracking loops (e.g., tracking timing offset, frequency offset and AGC) without measuring SSB outside its initial DL BWP, support subsequent RA-SDT transmissions, and handle potential collisions between RA-SDT, BWP switching and SSB measurement.

Proposal 1:  Send an LS to RAN2 and ask RAN2 to reverse/revisit their agreements on NW configuration, so that a RedCap UE is not expected to be configured with a separate SS for receiving paging information and OSI when the RedCap-specific initial DL BWP does not contain the entire CORESET#0.

Proposal 2: If a RedCap-specific initial DL BWP includes CD-SSB and the entire CORESET#0, NW should support shared CSS configurations for RedCap and non-RedCap UEs, which are associated with a common CORESET that is contained within the BW of CORESET#0.
· The common CORESET can either be CORESET#0, or commonControlResourceSet configured by PDCCH-ConfigCommon for both RedCap and non-RedCap UEs.


Proposal 3: When a RedCap UE monitors a CSS set on a RedCap-specific initial DL BWP and the CSS set is shared with non-RedCap UEs, the RedCap UE does not expect a different time/frequency resource configurations for the PDCCH/ PDSCH associated with the shared CSS set.

Proposal 4:  Include the observations and proposals of this contribution in the LS to RAN2, and ask RAN2 to specify necessary rules to ensure the consistency of signalling/parameters for RedCap-specific initial DL BWP configurations.

Proposal 5: A RedCap UE can perform RA-SDT or CG-SDT in a RedCap-specific initial BWP only if the BWP is configured with SSB, which can be either CD-SSB or NCD-SSB.

Proposal 6:  If a RedCap-specific initial DL BWP is not configured with CSS sets for paging/SIB1/OSI, a RedCap UE is not required to switch BWP to monitor SI update while its SDT procedure is ongoing.
· It is up to NW implementation to ensure the RedCap UE to receive SI update in the RedCap-specific initial DL BWP while the SDT procedure is ongoing, or to re-acquire updated SI outside the RedCap-specific initial DL BWP when the SDT procedure is not ongoing.
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