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Introduction
In Release-17, RAN2 have introduced Non-Cell-Defining SSB (NCD-SSB) dedicated for Redcap UE.  In Rel-17, one BWP can have up to one SSB (CD-SSB or NCD-SSB). When checking F1AP, we consider that current F1AP cannot satisfy the requirement for NCD-SSB. This contribution explains the reasons and provides solutions for this gap.
Discussion
As per current TS 38.473, the gNB-CU assigns one servingCellMO IE to the UE and signals it to the gNB-DU in the UE CONTEXT SETUP REQUEST or UE CONTEXT MODIFICATION REQUEST message, so that gNB-DU can determine UE’s BWP configuration and active BWP (specified in RRC message) and responds with the encoded CellGroupConfig IE in the corresponding F1 response message. In one cell, there is only one CD-SSB. However, in one cell, multiple different-frequency NCD-SSBs dedicated to RedCap UE may exist and BWP with NCD-SSB is in different frequency than CD-SSB. 

Observation 1 NCD-SSB is in different frequency from CD-SSB. Therefore, servingCellMOs pointing to NCD-SSB or CD-SSB are different, 
Hence, there are the following two issues:
1) it is not possible for gNB-DU to configure RedCap UE on NCD-SSB when one servingCellMO can be pointing to different frequencies in the cell.
2) when gNB-CU delivers the servingCellMO to gNB-DU, the gNB-CU does not know if gNB-DU will choose active BWP with NCD-SSB or CD-SSB for UE 
To address these issues, it is proposed that multiple servingcellMOs should be formed as a list of candidate servingCellMOs for NCD-SSBs that contains the NCD-SSB frequency information sent by gNB-CU to gNB-DU in the UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST messages, so that gNB-DU can choose the active BWP for the UE and select the measurement configuration for NCD-SSB. 
Regarding the legacy servingCellMO IE currently present in the F1 request message, to keep backward-compatibility, it is proposed that the IE will always point to CD-SSB, whereas the new optional ServingCellMO List IE points to NCD-SSBs. 
Proposal 1 Introduce a list of candidate ServingCellMOs with the NCD-SSB information (servingCellMO List IE) in the UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST messages so that gNB-DU can select related measObjectId as servingCellMO for NCD-SSB
P1-a) The SSB information contains the SSB frequency
P1-b) For backward-compatibility, the legacy servingCellMO IE points to CD-SSB only
Furthermore, feedback from gNB-DU to gNB-CU over F1AP is necessary in case gNB-DU uses only a subset of the servingCellMO list IE to be encoded in the CellGroupConfig IE, so that gNB-CU knows which measObjectID will be used by gNB-DU and can free up the resources for those unused measObjectIds for a given UE and improve gNB-CU’s efficiency. 
Observation 2 It is beneficial for gNB-CU to know the number of servingCellMO which could be encoded in the CellGroupConfig to one specific UE as it will improve gNB-CU’s efficiency to release unused Measurement Object IDs.
The feedback from gNB-DU will also help gNB-CU determine the need for Measurement Gaps based on UE’s current servingCellMO and the encoded-in-CGC servingCellMO list (ServingCellMO-encoded-in-CGC List IE) from the gNB-DU with the selected BWPs. And also by taking neighbor cell intra vs inter frequency measurement configuration into consideration, since gNB-CU knows neighbor cell information. The gNB-CU can then send a request, if needed, to gNB-DU for configuring measurement Gap for the UE.
(Note: According to 38.331, there is at most 4 regular NCD-SSB BWP and one initial BWP with CD-SSB or NCD-SSB. We propose that 8 can be used as maximum value for future-proofness.)
Proposal 2 The UE’s current servingCellMO and the encoded-in-CGC servingCellMO list (ServingCellMO-encoded-in-CGC List IE) are notified from gNB-DU to gNB-CU in the F1 UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE messages so that gNB-CU determines the need of measurements GAPs based on DU selected BWPs.
Additionally, it is proposed to also indicate the Active BWP Location And Bandwidth information in the UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE messages to gNB-CU. This is needed for the two scenarios (at least):
· Case 1: UE’s active BWP is an NCD-SSB BWP (BWP-DownlinkDedicated IE -> nonCellDefiningSSB-r17 IE is present in RRC msg). But UE’s current used servingCellMO points to CD-SSB. 
· Case 2: UE’s active BWP is a BWP without any SSB (BWP-DownlinkDedicated IE -> nonCellDefiningSSB-r17 IE is not present, either CD-SSB is not within BWP’s frequency range). UE’s current used servingCellMO points to CD-SSB. 
In our understanding in both cases, for backward compatibility, the new ServingCellMO-encoded-in-CGC List IE is not present in the F1 response, but gNB-CU needs to know UE’s active BWP location and bandwidth as the reference to decide whether measurement GAP is required for neighbor cell measurement and serving cell measurement. 
Proposal 3 Introduce the Active BWP Location And Bandwidth IE in the UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE messages
It was mentioned during an offline discussion that the issue to support NCD-SSB creates additional F1 signalling. This is not correct in all scenarios We illustrate below with an example for Intra-gNB_DU HO scenario. In fact, according to TS 38.473, the gNB-CU may send F1AP UE CONTEXT MODIFICATION REQUEST message to ask gNB-DU to prepare CGC for the RRCReconfiguration as HO command for intra-gNB_DU HO. Therefore, under this scenario, gNB-CU doesn’t know for which measObjects, measurement GAP is required while sending this F1AP UE CONTEXT MODIFICATION REQUEST message, as CU doesn’t know UE’s reference frequency to be used.
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It is the same when gNB-CU sends F1AP UE CONTEXT SETUP REQUEST message, gNB-CU doesn’t know for which measObjects, measurement GAP is required. Below another flow-chart detailing the signalling for Intra-gNB-DU HO:
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Observation 3 The F1 UE CONTEXT SETUP REQUEST message is not the timing for gNB-CU to ask gNB-DU to generate measurement GAP. One separate F1 request (sometimes after F1 UE CONTEXT SETUP REQUEST) to ask DU to generate measurement GAP is always requested, even in only one SSB (i.e. CD SSB) cell. 
A CR is proposed for agreement in [1].
The above proposed solution covers the case of when RRC Reconfiguration based BWP switch is performed. 
In case of BWP switch via DCI, RAN3 should discuss whether there would be any additional F1AP impacts. One option is that gNB-DU must send a UE CONTEXT MODIFICATION REQUIRED (gNB-DU initiated) message every time an active BWP switch via DCI happens, so that gNB-CU knows the change of UE’s active BWP and decides whether to request Measurement Gaps to gNB-DU. In fact, when the UE’s active BWP changes, the measurement GAP may change, as measurement GAP is based on UE’s active BWP. We note that the gNB-DU initiated UE CONTEXT MODIFICATION REQUIRED message can also happen in case gNB-DU wants to configure additional BWP to UE.
Observation 4 In case of active BWP switch via DCI, or gNB-DU configures additional BWP to UE, the gNB-DU can inform gNB-CU so that gNB-CU decides if measurement GAP is needed based on UE’s active BWP change.
This solution however generates a RRC Reconfiguration message for every DCI based Active BWP switch. In case the active BWP switch via DCI happens often this may create additional F1 and RRC signalling, which is not desirable as it will make the DCI-based BWP switch solution draining on network’s resources. It is proposed that RAN3 discusses the impact of active BWP switch via DCI case, whether there would be any additional F1AP solution for determination of Meas GAPS by gNB-CU.
Proposal 4 RAN3 discusses the impact of active BWP switch via DCI and whether there would be any additional F1AP impacts to help gNB-CU determine the need for Meas GAPS (due to active BWP switching).

Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 1: NCD-SSB is in different frequency from CD-SSB. Therefore, servingCellMOs pointing to NCD-SSB or CD-SSB are different.
Proposal 1: Introduce a list of candidate ServingCellMOs with the NCD-SSB information (servingCellMO List IE) in the UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST messages so that gNB-DU can select related measObjectId as servingCellMO for NCD-SSB
a) The SSB information contains the SSB frequency
b) For backward-compatibility, the legacy servingCellMO IE points to CD-SSB only
Observation 2: It is beneficial for gNB-CU to know the number of servingCellMO which could be encoded in the CellGroupConfig to one specific UE as it will improve gNB-CU’s efficiency to release unused Measurement Object IDs.
Proposal 2: The UE’s current servingCellMO and the encoded-in-CGC servingCellMO list (ServingCellMO-encoded-in-CGC List IE) are notified from gNB-DU to gNB-CU in the F1 UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE messages so that gNB-CU determines the need of measurements GAPs based on DU selected BWPs.
Proposal 3: Introduce the Active BWP Location And Bandwidth IE in the UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE messages
Observation 3: The F1 UE CONTEXT SETUP REQUEST message is not the timing for gNB-CU to ask gNB-DU to generate measurement GAP. One separate F1 request (sometimes after F1 UE CONTEXT SETUP REQUEST) to ask DU to generate measurement GAP is always requested, even in only one SSB (i.e. CD SSB) cell. 
Observation 4: In case of active BWP switch via DCI, or gNB-DU configures additional BWP to UE, the gNB-DU can inform gNB-CU so that gNB-CU decides if measurement GAP is needed based on UE’s active BWP change.
Proposal 4: RAN3 discusses the impact of active BWP switch via DCI and whether there would be any additional F1AP impacts to help gNB-CU determine the need for Meas GAPS (due to active BWP switching).
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One F1-Sequence Option for Intra-gNB_DU HO
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One F1-Sequence Option for Non-Intra-gNB_DU-HO scenarios
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