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Introduction 
RAN-88e updated the study-item summary for Rel-17 Reduced capability UEs and one of the objectives of the study item is on how to restrict access to the RedCap UEs by the network as shown below. This paper discusses the potential solutions towards this while also proposing the framework for handling the capabilities of RedCap UEs.
· Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
   
Inter-operability impact from RedCap UE feature 
Compared to the legacy NR UEs, the RedCap UEs are expected to have reduced capabilities and while it is not yet agreed in RAN2/RAN1 on the set of capabilities that can be considered as reduced, they can be at least be categorized as below.
Observation 1: The capabilities that can be reduced/removed for the RedCap UEs could be from the list of capabilities that the UE reports using the existing capability framework, as well as the capabilities that the legacy UEs are expected to support without capability, i.e., mandatory without capability signalling.
Observation 2: New capabilities might need to be defined for the capabilities that are expected to be supported mandatorily without signalling by the legacy UEs, which are now made optional for the RedCap UEs.
Based on the above, we propose that the existing UE capability enquiry/information framework can be re-used for the transfer the RedCap UEs capabilities, with newer capabilities added as needed.
Proposal 1: The existing UE capability enquiry/information framework is used to transfer the capabilities of the RedCap UEs. New capabilities can be added to the UE capability information message.
Observation 3: An implication from observation-2 is that the NW that handles the RedCap UEs should be aware that the RedCap UEs do not support some of the capabilities that are expected to be supported by legacy UEs by default. 
Observation 4: If any legacy mandatory without capability features are made optional, then the legacy NWs have to implement this feature to handle the RedCap UEs signalling the support/not signalling the support of these features. 
Proposal 2:  If any legacy mandatory without capability features are made optional, the RedCap UEs should be aware that the NW supports this handling of the capability signalling to help RedCap UEs know that their capabilities are understood by the NW. FFS how the RedCap UEs are made aware of this NW capability.
We are not sure if there will be NWs that are geared to serving only RedCap UEs (and not the legacy UEs). But if such support is required, then the RedCap only supporting gNBs need to bar the legacy UEs from accessing their NW
Proposal 3: RAN2 to discuss if the scenario of NWs that support only RedCap UEs is possible. If considered valid, access barring scheme where the legacy UEs are barred from access, while the RedCap UEs are allowed should be considered. FFS on the signalling of such barring.  
Analysis of potential areas for capability reduction
The potential area where the RedCap UEs might not be able to support the same capabilities as the legacy UEs are: 
· Support of (wider) BWs
· Support of same number of Rx ports/Tx ports/DL and UL MIMO layers
· Support of the same SCS set for each band
· Support of the same number of BWPs etc..
· Relaxation in the HARQ handling, PDCCH/PDSCH/PUSCH TB size/timing handling
· Relaxed UE requirememnt in RRM/RLM/BM, DRB handling, PDCP size etc.
It can be seen that the major area where the capabilities are affected relate to either the UE processing power, or the RF configuration or power-saving aspects.
Observation 5: The major area where the capabilities are affected relate to either the UE processing power, or the RF configuration or power-saving aspects.
Observation 6: From the perspective of a gNB that is handling both legacy UEs and the RedCap UEs, among the areas of impact the major ones are in processing and RF/BW configuration.
Observation 7: For the processing part from the serving gNB perspective, since the gNB scheduler has to already handle various requirements from the UEs in terms of HARQ/TB handling, the handling of RedCap UE with reduced processing requirements should be straight forward to implement.
Observation 8: For the RF/BW configuration, from the existing gNB perspective that is serving both legacy and RedCap UEs, the ability to handle lower BWs than the pre-configured BWs for BWP would mean that the gNB has to create new (lower) BWPs to cater to the new lower BW capabilities of the RedCap UEs. This is an additional burden on the gNB, esp when multiple RedCap UEs with different lower BW support are to be served.
Observation 9: Similar argument can be made for the sub-carrier-spacing requirements where the gNB has to create a potential new BWP to cater to the (reduced set of) SCS that RedCap UE supports. This applies if newer lower SCS are allowed for the operating bands
Access restriction methods
Based on the above, the following observations can be made.
Observation 10: To avoid unnecessary requirements on the gNB to implement the different (lower) BWs and (possibly lower) SCS to serve RedCap UEs, the NW can restrict the RedCap UEs to be allowed only if they satisfy the minimum DL and UL BW (and if applicable) the SCS values the gNB supports. The rest of the capabilities can be transferred using the existing legacy UE capability transfer framework.
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Proposal 4: The gNBs that intends to serve the RedCap UEs as well as the legacy UEs, can restrict access to the RedCap UEs by broadcasting in SIB1, the minimum DL and UL BW support expected from the RedCap UEs that plan to camp on this cell. RedCap UEs which do not support the minimum DL or UL BWs are barred from accessing the cell.
Proposal 5: If different/lower SCS values are allowed to be supported by RedCap UEs for the same bands, the gNB can restrict access to the RedCap UEs by also broadcasting the set of SCS (in DL/UL) the RedCap UEs are expected to support in the cell. RedCap UEs which do not support these are barred from accessing the cell. 
Proposal 6: If the RedCap UEs satisfy the SIB1 broadcasted minimum DL/UL BW (and SCS if allowed) , they can register to the NW using this cell and the other RedCap UE specific capabilities are then transferred using the existing capability signalling framework. 

Conclusions
Observation 1: The capabilities that can be reduced/removed for the RedCap UEs could be from the list of capabilities that the UE reports using the existing capability framework, as well as the capabilities that the legacy UEs are expected to support without capability, i.e., mandatory without capability signalling.
Observation 2: New capabilities might need to be defined for the capabilities that are expected to be supported mandatorily without signalling by the legacy UEs, which are now made optional for the RedCap UEs.
Observation 3: An implication from observation-2 is that the NW that handles the RedCap UEs should be aware that the RedCap UEs do not support some of the capabilities that are expected to be supported by legacy UEs by default. 
Observation 4: If any legacy mandatory without capability features are made optional, then the legacy NWs have to implement this feature to handle the RedCap UEs signalling the support/not signalling the support of these features. 
Observation 5: The major area where the capabilities are affected relate to either the UE processing power, or the RF configuration or power-saving aspects.
Observation 6: From the perspective of a gNB that is handling both legacy UEs and the RedCap UEs, among the areas of impact the major ones are in processing and RF/BW configuration.
Observation 7: For the processing part from the serving gNB perspective, since the gNB scheduler has to already handle various requirements from the UEs in terms of HARQ/TB handling, the handling of RedCap UE with reduced processing requirements should be straight forward to implement.
Observation 8: For the RF/BW configuration, from the existing gNB perspective that is serving both legacy and RedCap UEs, the ability to handle lower BWs than the pre-configured BWs for BWP would mean that the gNB has to create new (lower) BWPs to cater to the new lower BW capabilities of the RedCap UEs. This is an additional burden on the gNB, esp when multiple RedCap UEs with different lower BW support are to be served.
Observation 9: Similar argument can be made for the sub-carrier-spacing requirements where the gNB has to create a potential new BWP to cater to the (reduced set of) SCS that RedCap UE supports. This applies if newer lower SCS are allowed for the operating bands
Observation 10: To avoid unnecessary requirements on the gNB to implement the different (lower) BWs and (possibly lower) SCS to serve RedCap UEs, the NW can restrict the RedCap UEs to be allowed only if they satisfy the minimum DL and UL BW (and if applicable) the SCS values the gNB supports. The rest of the capabilities can be transferred using the existing legacy UE capability transfer framework.

Proposals:
Proposal 1: The existing UE capability enquiry/information framework is used to transfer the capabilities of the RedCap UEs. New capabilities can be added to the UE capability information message.
Proposal 2:  If any legacy mandatory without capability features are made optional, the RedCap UEs should be aware that the NW supports this handling of the capability signalling to help RedCap UEs know that their capabilities are understood by the NW. FFS how the RedCap UEs are made aware of this NW capability.

Proposal 3: RAN2 to discuss if the scenario of NWs that support only RedCap UEs is possible. If considered valid, access barring scheme where the legacy UEs are barred from access, while the RedCap UEs are allowed should be considered. FFS on the signalling of such barring.  
Proposal 4: The gNBs that intends to serve the RedCap UEs as well as the legacy UEs, can restrict access to the RedCap UEs by broadcasting in SIB1, the minimum DL and UL BW support expected from the RedCap UEs that plan to camp on this cell. RedCap UEs which do not support the minimum DL or UL BWs are barred from accessing the cell.
Proposal 5: If different/lower SCS values are allowed to be supported by RedCap UEs for the same bands, the gNB can restrict access to the RedCap UEs by also broadcasting the set of SCS (in DL/UL) the RedCap UEs are expected to support in the cell. RedCap UEs which do not support these are barred from accessing the cell. 
Proposal 6: If the RedCap UEs satisfy the SIB1 broadcasted minimum DL/UL BW (and SCS if allowed) , they can register to the NW using this cell and the other RedCap UE specific capabilities are then transferred using the existing capability signalling framework. 
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