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1. Introduction
For RedCap UEs, since the supported BW may be smaller than the BW of initial DL/UL BWP, RAN1 has agreed to introduce a separate initial UL BWP for RedCap UEs. In addition, RAN1 intends to introduce a separate NCD-SSB to facilitate UE to perform RRM, RLM… etc when UE’s activate BWP does not contain CD-SSB. 
After RAN2_116e, the reply LS ([1]) is sent from RAN2 to RAN1, meanwhile, RAN1 approved a new LS [2] to RAN2. In addition, in RAN_94e, companies discussed the UE behavior of NCD-SSB operation in RRC_IDLE/INACTIVE mode, and following proposals are endorsed. 
	1. Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17
2. RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.


In this contribution, we further discuss the RAN2 impact on supporting separate initial BWP and NCD-SSB. 
2. Separate initial DL BWP in RRC_IDLE/INACTIVE
According to RAN1’s discussion, the reason of introducing a separate initial DL BWP is that, the bandwidth of configured initial DL BWP may be larger than the maximum bandwidth supported by RedCap UE, so RedCap UEs can not operation on the legacy initial BWP. In addition, network may want RedCap UE to access via a separate frequency resource, so it won’t impact the performance of non-RedCap UEs. From RAN2 perspective, if separate initial DL BWP is supported, we need to further discuss the detailed spec impact in RAN2. Based on the progress in RAN1/2/RANP, two scenarios are considered for RRC_IDLE/INACTIVE UEs.
2.1. Scenario 1
In RAN1 LS[2], the following RAN1 agreement is mentioned:
Agreement:
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
The agreement shows that network can configure a separate initial DL BWP that contains CD-SSB and entire CORESET#0, let’s call it “Scenario 1”. 
Scenario 1: 	Separate initial DL BWP contains CD-SSB and entire CORESET#0, NCD-SSB is not configured (illustrated in Figure 1).


Figure 1: Configuration of separate initial DL BWP– Scenario 1
In general, Scenario 1 includes following key points:
1. The configured separate initial DL BWP is still associated with CD-SSB;
2. UE performs cell selection/reselection based on CD-SSB, no spec change is needed; 
3. The configured separate initial UL BWP contains PRACH configuration, RedCap UE performs RACH by using these RACH resources;
However, if the separate initial BWP contains a separate PDCCH-ConfigCommon configuration, it is unclear whether network needs to configure separate common search space for Paging/RAR/SIB1/OSI? Or RedCap UEs will rely on the PDCCH-ConfigCommon configuration of legacy initial DL BWP? 
Observation 1: In case separate initial DL BWP contains CD-SSB and CORESET#0, it is unclear whether and how to provide the PDCCH-ConfigCommon configuration of the separate initial DL BWP (e.g. for monitoring Paging/RAR/SIB1/OSI). 
For RAR reception, it makes sense to allow network to configure a separate “ra-SearchSpace” in the separate initial DL BWP because the RACH resource can be configured separately. 
For paging monitoring, as indicated by RAN1, the separate initial DL BWP can be used for paging reception. So in our view, even though the separate initial DL BWP contains entire CORESET#0, network is allowed to configure a separate “pagingSearchSpace” configuration of the separate initial DL BWP. In this case, RedCap UE will ignore the pagingSearchSpace configuration provided in legacy initial DL BWP.
For SIB1 and OSI, since separate initial DL BWP still contains CORESET#0, RedCap UEs are assumed to receive the same SIB1 and OSI message as non-RedCap UEs. Regarding how to set the CSS of SIB1/OSI in PDCCH-ConfigCommon of separate initial DL BWP, there are two options:
· Option 1: The PDCCH-ConfigCommon of separate initial DL BWP (always) includes searchSpaceSIB1 and searchSpaceOtherSystemInformation, absence of corresponding field means the UE does not monitor SIB1/OSI;
· Option 2: The PDCCH-ConfigCommon of separate initial DL BWP does not include searchSpaceSIB1 and searchSpaceOtherSystemInformation, the UE always follow the SIB1/OSI CSS configuration provided in PDCCH-ConfigCommon of legacy initial DL BWP. 
The principle of Option 1 is aligned with current field descriptions, and Option 1 also implies that it is up to network to ensure the SIB1/OSI CSS configuration of separate initial DL BWP to be aligned with the configurations of legacy initial DL BWP. While for Option 2, the UE is required to read and follow the PDCCH configuration from two BWPs, and if Option 2 is adopted, the field descriptions of searchSpaceSIB1 and searchSpaceOtherSystemInformation need to be updated accordingly. For simplicity, we suggest to adopt Option 1. 
In summary, it is recommended to confirm the support of scenario 1 in RAN2. 
Proposal 1: 	Confirm Scenario 1 (separate initial DL BWP contains CD-SSB and CORESET#0) is supported.
· The separate initial BWP is associated with CD-SSB;
· UE performs cell selection/reselection based on CD-SSB;
· UE camps on CD-SSB and follows the configuration of separate initial DL/UL BWP.
Proposal 2:	In Scenario 1, the PDCCH-ConfigCommon of separate initial DL BWP includes common search space configurations for paging, RAR, SIB1 and OSI. Absence of the field means the UE does not receive corresponding message (same as in legacy). For SIB1 and OSI, the search space configurations are aligned with the configurations of the legacy initial DL BWP. 
2.2. Scenario 2
Except Scenario 1, RAN1 LS also mentioned the other case that the configured separate initial DL BWP does not contain CD-SSB and CORESET#0. Based on RANP conclusion (see below), in this case, the UE is assumed to perform cell selection/reselection and paging monitoring based on CD-SSB. 
RANP conclusion: 
Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17.
In addition, RAN1 agreements also indicate that NCD-SSB is not needed if separate initial DL BWP is configured for random access while not for Paging. 
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
Scenario 2: 	Separate initial DL BWP does not contain CD-SSB and CORESET#0, NCD-SSB is not configured (illustrated in Figure 2). 


In general, Scenario 2 includes following key points:
1. The configured separate initial DL BWP is not associated with CD-SSB. From idle/inactive UE’s perspective, there is no SSB transmitted in separate initial DL BWP;
2. UE performs cell selection/reselection based on CD-SSB, no spec change is needed; 
3. UE camps on CD-SSB and CORESET#0, UE monitors paging/SIB1/OSI based on the CSS configuration of legacy initial DL BWP;
4. UE switches to separate initial DL BWP when the UE initiates RA (e.g. to enter RRC_CONNECTED);
5. UE is not expected to monitor paging during RACH procedure. 
However, to support Scenario 2, the following issues should be discussed:
· Issue 1: 	How does UE perform SSB measurements during RACH retransmission (for RACH resource selection)? 
· Issue 2: 	If UE initiates msg1-based on demand SI, whether the UE should switch to the separate initial UL BWP? Or UE sends preamble via legacy initial UL BWP (considering UE receives OSI through legacy initial DL BWP)?
· Issue 3:  How to configure PDCCH-ConfigCommon in separate initial DL BWP?
For issue 1, considering only CD-SSB is configured, based on RAN1 agreements, we think it means that upon each Msg1 retransmission, the UE needs to switch back to CD-SSB to measure the SSB, and selects corresponding RACH resource. This may have no impact to RAN2 spec, but it may require some changes to UE requirements defined in RAN4. 
Observation 2: In case separate initial DL BWP does not contain CD-SSB and CORESET#0, and UE performs RA on separate initial UL BWP, the UE needs to switch back to CD-SSB upon each Msg1 retransmission (to obtain new SSB measurement results). 
For issue 2, although UE receives OSI within CORESET#0, for RACH procedure initiated due to on-demand SI, we think the UE should also send Msg1 via separate initial UL BWP because the RO configuration of legacy initial BWP may exceed UE capability. So for consistency, no matter the RACH procedure is triggered by which scenario, UE should perform RA through separate initial UL BWP. This also implies that separate initial UL BWP can also provide dedicated RACH preamble for Msg1-based on-demand SI.
Observation 3: In case separate initial DL BWP does not contain CD-SSB and CORESET#0, UE performs RACH on the separate initial UL BWP no matter RACH procedure is triggered by which scenario.
For issue 3, it is similar to the discussion in section 2.1. However, considering the UE camps on CD-SSB and CORESET#0, for paging/SIB1/OSI, the UE should follow the common search spaces configured by legacy initial DL BWP. For separate initial UL BWP, the PDCCH-ConfigCommon only includes CSS configuration for monitoring RAR. 
In summary, we suggest RAN2 to confirm the support of Scenario 2 as below.
Proposal 3: 	Confirm Scenario 2 (separate initial DL BWP does not contain CD-SSB and CORESET#0, NCD-SSB is not configured) is supported.
· UE performs cell selection/reselection based on CD-SSB;
· UE camps on CD-SSB and monitors paging/SIB1/OSI based on the common search space configuration of legacy initial DL BWP;
· UE switches to separate initial UL BWP when triggers random access, the UE selects RACH resources based on CD-SSB measurements.
Proposal 4:	In Scenario 2, the PDCCH-ConfigCommon of separate initial DL BWP includes common search space configuration for RAR, but does not include the common search space configuration for paging/SIB1/OSI. 
3. NCD-SSB in RRC_CONNECTED
Based on the discussion in section 2, it is clear that NCD-SSB is not applicable to idle/inactive UEs. But for RRC_CONNECTED UEs, according to previous discussion, the motivation of introducing NCD-SSB is to perform basic operations (e.g. RLM/RRM…) when UE’s activate BWP does not contain CD-SSB. 
Take above scenario 2 as an example, after UE enters RRC_CONNECTED state, the separate initial BWP is activated. If NCD-SSB is not provided, according to current spec, the UE is required to perform RLM/BFD based on CSI-RS resources (which may not be supported by UE). And for serving cell RRM measurement, network needs to configure measurement gap so that UE can switch to CD-SSB to perform measurements. 
In RAN1 LS[2], the following agreement is mentioned:
Agreement:
For FR1,
·   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 CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
The scenario is illustrated in below figure:


Figure 3 Use case of NCD-SSB in RRC_CONNECTED
Regarding the support of NCD-SSB, RAN2 discussed it last meeting and basically it is less controversial compared with idle/inactive UEs. To avoid forcing UE to support CSI-RS related capabilities, we are fine to support NCD-SSB in RRC_CONNECTED mode. Regarding the SSB configuration, we see no motivation to configure different PCIs for NCD-SSB and CD-SSB, but in our view, there is no problem if network configures different SSB transmission bitmaps for NCD-SSB and CD-SSB. On the other hand, to reduce the overhead, network should be allowed to configure different SSB periodicities for NCD-SSB. So we propose:
Proposal 5: 	A separate SSB can be configured in RRC dedicated signaling (RRCReconfiguration RRCSetup and RRCResume), includes following parameters (other attributions are same as CD-SSB):
· absoluteFrequencySSB;
· ssb-PositionsInBurst;
· ssb-periodicity
Regarding the UE behavior, the configured separate SSB can be used to perform RLM, BFD and RACH. In addition, the SSB can also be configured as QCL source for physical channels. For RRM measurements, although current spec already supports the network to configure measurements on any SSB frequencies, here, we mainly focus on serving cell SSB measurement, which means from UE perspective, the UE should be allowed to perform serving cell measurement on the configured separate SSB, rather than switches back to CD-SSB. 
Proposal 6:	UE can be configured to use a separate SSB for RLM, BFD, RACH, TCI states and RRM (serving cell measurement), if UE’s active BWP contains the separate SSB and does not contain CD-SSB.
However, for handover procedure, the UE is required to detect SIB1 after HO succeed, so in any case, the SSB indicated in frequencyInfo-DL should be CD-SSB. During handover procedure, if target cell wants to activate separate initial DL BWP (which does not contain CD-SSB) as first active DL BWP, network can set firstActiveUplinkBWP-Id to the concerned BWP-ID, and network can also configure a separate SSB configuration which is associated with the separate initial DL BWP. But network should always indicate CD-SSB in frequencyInfoDL in handover command.
Proposal 7: 	NCD-SSB can not be used to trigger handover procedure. (I.e. the SSB indicated in absoluteFrequencySSB of frequencyInfo-DL in handover command must be CD-SSB). 
Although the discussion of NCD-SSB is triggered under RedCap WI, the problem to be solved also exists in non-RedCap scenarios. For example, the non-RedCap UE may not support CSI-RS based RLM/BFD, in this case, network has to configure all BWPs that contains CD-SSB. 
In our understanding, once separate SSB can be configured, it is beneficial to extend this function to non-RedCap UEs as well. Especially considering SSB is per-cell level transmitted. So we suggest RAN2 to discuss the possibility of applying this function to non-RedCap UEs, and an optionally capability can be introduced for non-RedCap UEs. 
Proposal 8: 	To discuss whether to apply this “separate SSB function” to non-RedCap UEs, too (e.g. introduce an optional capability for non-RedCap UEs).
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: In case separate initial DL BWP contains CD-SSB and CORESET#0, it is unclear whether and how to provide the PDCCH-ConfigCommon configuration of the separate initial DL BWP (e.g. for monitoring Paging/RAR/SIB1/OSI). 
Observation 2: In case separate initial DL BWP does not contain CD-SSB and CORESET#0, and UE performs RA on separate initial UL BWP, the UE needs to switch back to CD-SSB upon each Msg1 retransmission (to obtain new SSB measurement results). 
Observation 3: In case separate initial DL BWP does not contain CD-SSB and CORESET#0, UE performs RACH on the separate initial UL BWP no matter RACH procedure is triggered by which scenario.
Proposal 1: 	Confirm Scenario 1 (separate initial DL BWP contains CD-SSB and CORESET#0) is supported.
· The separate initial BWP is associated with CD-SSB;
· UE performs cell selection/reselection based on CD-SSB;
· UE camps on CD-SSB and follows the configuration of separate initial DL/UL BWP.
Proposal 2:	In Scenario 1, the PDCCH-ConfigCommon of separate initial DL BWP includes common search space configurations for paging, RAR, SIB1 and OSI. Absence of the field means the UE does not receive corresponding message (same as in legacy). For SIB1 and OSI, the search space configurations are aligned with the configurations of the legacy initial DL BWP. 
Proposal 3: 	Confirm Scenario 2 (separate initial DL BWP does not contain CD-SSB and CORESET#0, NCD-SSB is not configured) is supported.
· UE performs cell selection/reselection based on CD-SSB;
· UE camps on CD-SSB and monitors paging/SIB1/OSI based on the common search space configuration of legacy initial DL BWP;
· UE switches to separate initial UL BWP when triggers random access, the UE selects RACH resources based on CD-SSB measurements.
Proposal 4:	In Scenario 2, the PDCCH-ConfigCommon of separate initial DL BWP includes common search space configuration for RAR, but does not include the common search space configuration for paging/SIB1/OSI. 
Proposal 5: 	A separate SSB can be configured in RRC dedicated signaling (RRCReconfiguration RRCSetup and RRCResume), includes following parameters (other attributions are same as CD-SSB):
· absoluteFrequencySSB;
· ssb-PositionsInBurst;
· ssb-periodicity
Proposal 6:	UE can be configured to use a separate SSB for RLM, BFD, RACH, TCI states and RRM (serving cell measurement), if UE’s active BWP contains the separate SSB and does not contain CD-SSB.
Proposal 7: 	NCD-SSB can not be used to trigger handover procedure. (I.e. the SSB indicated in absoluteFrequencySSB of frequencyInfo-DL in handover command must be CD-SSB). 
Proposal 8: 	To discuss whether to apply this “separate SSB function” to non-RedCap UEs, too (e.g. introduce an optional capability for non-RedCap UEs).
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6. Annex
Content of RAN1 LS [2]
	1	Overall description
RAN1#107-e has made the following agreements and working assumptions related to DL BWP operation for RedCap UEs (where the differences between the agreements for FR1 and FR2 are indicated in blue colour).
	Agreement:
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement:
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on 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 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




RAN1 respectfully requests RAN2 and RAN4 to provide feedback on whether the above highlighted working assumptions are acceptable from RAN2 and RAN4 perspectives, respectively.
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