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Introduction 
This paper discusses the motivations and necessary enhancements for supporting a new fallback operation for RedCap UEs, which allows a RedCap UE to access legacy cells in which it can operate as a spec-compliant non-RedCap UE.
Discussion
Motivation
It is expected that RedCap may not be widely supported across operator’s network, at least in its early-stage deployment. A likely scenario is that RedCap initially will be supported only in areas with the strongest demand. Another scenario is that operator’s network typically consists of equipment from multiple vendors. It is unlikely that all vendors upgrade their equipment to support RedCap at the same time. 
However, spotty service coverage can be a big hurdle for the adoption of new RedCap devices. One solution might be to pair RedCap with a LTE modem in a UE, so that the UE can fall back to legacy LTE network where NR service is not available. This solution, however, obviously would add costs to RedCap UEs and hence is not very desirable. 
Observation 1. RedCap may not be widely supported across operator’s network in its initial deployment. That could be a big hurdle for the adoption of new RedCap devices.
We notice that at least from PHY-layer’s perspective, some RedCap implementations can access legacy cells in certain bands in a fully spec compliant manner. For example, in FR1, the minimum number of Rx branches for non-RedCap UE is 2 in bands with carrier frequency <=2.496 GHz. Therefore, if a RedCap UE is FD capable, has 2 Rx and 20 MHz max UE bandwidth, supports 256 QAM for DL and 64 QAM on UL, then it can be served just like a non-RedCap UE in those legacy cells.  
Observation 2. Some spec-compliant RedCap UEs can operate in legacy cells in certain bands (e.g. under 2.496 GHz) in the same way as non-RedCap UEs. 
Based on the above observations, we can see that for a RedCap UE capable of operating in legacy cells, its service coverage can be significantly improved, if we allow it to access legacy cells as a non-RedCap UE when no RedCap service is available. 
Observation 3. Allowing a RedCap UE to access legacy cells in which it is capable of operating as a non-RedCap UE in a spec-compliant manner can help improve its service coverage.
We understand that operators have concerns on RedCap UEs being used for unintended use cases, or vice versa for non-RedCap UEs. Therefore, accessing legacy cells as a non-RedCap UE should be only a fallback operation for RedCap UE. It is allowed only when there are no RedCap-supporting cells available. The only motivation for supporting this fallback operation for RedCap UEs is to increase their service coverage. 
Proposal 1.  	Support fallback operation for RedCap, with which a RedCap UE is allowed to camp on or access a legacy cell as a spec-compliant non-RedCap UE when no RedCap-supporting cells are available. 
Impact on RAN2 procedures
Cell re-/selection
As explained earlier, a RedCap UE capable of fallback operation should still follow RedCap procedures as default. Accessing legacy cells as a non-RedCap UE is strictly a fallback option. By this principle, its access to RedCap-supporting cells should be prioritized over legacy cells, e.g. even if S criteria for cell re-/selection of a target RedCap-supporting cell is lower than those of a legacy cell. 
Proposal 2. 	RedCap UEs capable of fallback operation always prioritize RedCap-supporting cells over legacy cells in cell re-/selection, irrespective of cell barring status. 
Similarly, a RedCap UE capable of fallback operation should always operate as a RedCap UE in a RedCap-supporting cell, e.g. even when the cell signals RedCap UEs are being barred, UEs capable of fallback should not attempt access to this cell as a non-RedCap UE. 
Proposal 3. 	When a cell indicates RedCap UEs being barred, a RedCap UE capable of fallback operation should not attempt access to this cell as a non-RedCap UE.   
UE capability signaling
Since a RedCap UE capable of fallback operation may access through both RedCap-supporting cells and legacy cells, it needs to be discussed how they should report their radio capabilities. 
We think there may be two possible options for UEs capable of fallback operations to report their capabilities , as follows:
· Option 1. A RedCap UE capable of fallback operation keeps two versions of its UE Capabilities report, one for cells in which it is capable of functioning as a spec-compliant non-RedCap UE, and another for cells in which it can function only as a RedCap UE. When the UE attaches to network, it submits both versions of its UE Capabilities report to CN. When the UE establishes a RRC connection, CN will identify the UE as RedCap through either UE’s own NAS signaling (in case of the serving cell has a legacy gNB) or indication from gNB if that gNB supports RedCap. CN then forwards the right UE capabilities to the gNB accordingly. 
· Option 2. Design RedCap UE capabilities report in a way that it can be properly interpreted by both legacy gNBs and RedCap-supporting gNBs. It is possible because legacy gNBs ignores the fields in the non-critical extension (NCE) part of UE capability container (Please see the discussion in the next paragraph). In this approach, CN simply stores and forwards whatever UE radio capability it receives from gNB, irrespective of whether UE is connected to network as a non-RedCap or RedCap UE. 
Between the two options, we think Option 2 has less impact on the current capability signaling framework and hence is more desirable. And we believe Option 2 can be accomplished if we follow the following rules:
· Capabilities that are mandatory in legacy but optional for RedCap (e.g. maximum number of DL MIMO layers) should be reported in the NCE of UE radio capability container;
· Capabilities that are optional for both legacy and RedCap should be reported separately in both the legacy part and the NCE part of UE radio capability container. This rule allows legacy gNB to interpret the legacy part of UE capability container without potential misunderstanding. 
Proposal 4. 	To support fallback operation with the existing UE signaling framework, apply the following capability reporting rules for all RedCap UEs:
· Capabilities that are mandatory in legacy but optional for RedCap should be reported in the NCE of UE radio capability container;
· Capabilities that are optional both legacy and RedCap should be reported separately in both the legacy and the NCE part of UE radio capability container. 
Handover
When UE is handed over from one cell to another, it is possible that it has to change its UE type, e.g. UE either switches from RedCap to non-RedCap due to lack of RedCap-supporting target cells, or switch from non-RedCap back to RedCap when it moves from a legacy cell to RedCap-supporting cell. 
If the source cell supports RedCap, then it can learn from neighbor cells which one of them supports RedCap. 
· If there is at least one such a cell, then it should configure the UE to measure only RedCap-supporting neighbor cells and handover the UE to one of them. In other words, access as RedCap should prioritize over other mobility criteria.
· If there is no neighbor cell that supports RedCap but UE can access at least one of them as a non-RedCap UE, then the source cell may handover the UE to one of those legacy cells. The UE changes its UE type to non-RedCap after the handover. This change can be either prompted by an explicit indication in handover command or made by UE itself after checking the target cell’s SIB for support of RedCap. 
[bookmark: _Hlk91018398]Proposal 5. 	During handover for a RedCap UE, if the source cell supports RedCap, 
· it should select a target cell for the UE only among RedCap-supporting neighbor cells, unless no such cells are available;
· Otherwise, it should handover the UE to a legacy cell to which the UE can access as non-RedCap. FFS whether this handover is based on an indication in handover command or by UE implementation. 
If a source cell does not support RedCap, the situation is a bit different, as the source cell can’t tell whether a neighbor cell supports RedCap or not. We think a good option is just to leave it to UE to decide whether to change its UE type. For example, after the handover, a RedCap UE can learn whether its new serving cell supports RedCap or it can access the cell as a non-RedCap UE. If the UE’s new serving cell does not support RedCap, the UE can decide by itself whether to continue in this cell or autonomously reselect another cell which supports RedCap (e.g. through RRC re-establishment). This decision, for example, could be based on whether any RedCap-supporting neighbor cells are available, or whether it is in the middle of a delay-sensitive application (e.g. voice call) so that cell reselection may cause interruption to traffic, or other factors.  
Proposal 6.  	If a legacy source cell handover a RedCap UE to another legacy cell, it is up to UE implementation whether/when to reselect to a RedCap-supporting cell (e.g. by RRC re-establishment).
Signaling with core network
RedCap UEs need to identify their UE type when accessing network, because they are handled differently from regular UEs in both RAN and CN. For example, CN may limit certain services to RedCap UEs, or have different charging plans for RedCap UEs. 
The current agreement is that RedCap UEs identify themselves via either Msg1/A or Msg3. When the serving gNB establishes RRC connection for the UE, it signals AMF that the UE is RedCap (see TS23.501). However, when a RedCap UE accesses network through a legacy gNB using fallback, the legacy gNB will not be able to provide such an indication to AMF. Consequently, the CN would handle the RedCap UE as a non-RedCap, causing issues on procedures such as charging or service restriction. Therefore, the UE should inform the core network that it is a RedCap UE. This indication can be via NAS signaling with AMF.
In addition to initial access, another procedure in which such a signaling may be necessary is handover. For example, a RedCap UE may have to roam from a RedCap-supporting cell to a legacy cell, as described in the previous section. In this case, although the core network knows the UE is a RedCap UE, we think it may be useful for UE to inform the CN that it is accessing through a legacy cell. That information can help core network to apply different policies, if necessary. 
Observation 4. In the current framework, network is not able to identify a RedCap UE accessing network through a legacy cell using fallback. That can cause issues for both core network and RAN on procedures such as charging or service restriction.
Proposal 7. 	A RedCap UE should inform core network when it is accessing network through a legacy cell, during either initial access or handover. 
The above proposal clearly has impact on SA2/CT1. RAN2 should send a LS to ask them to work out the necessary changes in core network.  
Proposal 8. 	Send a LS to SA2/CT1 to ask them to work on the necessary signaling and changes in core network. 
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1. RedCap may not be widely supported across operator’s network in its initial deployment. That could be a big hurdle for the adoption of new RedCap devices.
Observation 2. Some spec-compliant RedCap UEs can operate in legacy cells in certain bands (e.g. under 2.496 GHz) in the same way as non-RedCap UEs.
Observation 3. Allowing a RedCap UE to access legacy cells in which it is capable of operating as a non-RedCap UE in a spec-compliant manner can help improve its service coverage.
Proposal 1.  	Support fallback operation for RedCap, with which a RedCap UE is allowed to camp on or access a legacy cell as a spec-compliant non-RedCap UE when no RedCap-supporting cells are available.
Proposal 2. 	RedCap UEs capable of fallback operation always prioritize RedCap-supporting cells over legacy cells in cell re-/selection, irrespective of cell barring status.
Proposal 3. 	When a cell indicates RedCap UEs being barred, a RedCap UE capable of fallback operation should not attempt access to this cell as a non-RedCap UE.   
Proposal 4. 	To support fallback operation with the existing UE signaling framework, apply the following capability reporting rules for all RedCap UEs:
· Capabilities that are mandatory in legacy but optional for RedCap should be reported in the NCE of UE radio capability container;
· Capabilities that are optional for both legacy and RedCap should be reported separately in both the legacy and the NCE part of UE radio capability container. 
Proposal 5.	During handover for a RedCap UE, if the source cell supports RedCap, 
· it should select a target cell for the UE only among RedCap-supporting neighbor cells, unless no such cells are available;
· Otherwise, it should handover the UE to a legacy cell to which the UE can access as non-RedCap. FFS whether this handover is based on an indication in handover command or by UE implementation. 
Proposal 6.  	If a legacy source cell handover a RedCap UE to another legacy cell, it is up to UE implementation whether/when to reselect to a RedCap-supporting cell (e.g. by RRC re-establishment).
Observation 4. In the current framework, network is not able to identify a RedCap UE accessing network through a legacy cell using fallback. That can cause issues for core network and RAN on procedures such as charging or service restriction.
Proposal 7. 	A RedCap UE should inform core network when it is accessing network through a legacy cell, during either initial access or handover. 
Proposal 8. 	Send a LS to SA2/CT1 to ask them to work on the necessary changes in core network. 

2
