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1	Introduction
One remaining open issue for Rel-17 RedCap, where company tdocs are invited is the case of handover from E-UTRA where neither source (ng-)eNB nor the target gNB support RedCap UEs.
The following was discussed during RAN2#116bis-e:
Proposal 3.8-1: [For agreement] [16/18] For the LTE to NR handover, in case the target NR cell is a legacy cell, rely on existing solution, the RedCap UE should trigger RRC re-establishment procedure. No specification impact;
· BT has concerns on this proposal: do not agree on it unless RAN2 ensures the following “4> if the UE is unable to comply with (part of) the configuration included in the MobilityFromEUTRACommand message; or” no matter the frequency and no matter the RedCap UE capabilities. Other case, we may end up with RedCap UEs using non-RedCap cells.
· HW have the similar concern as BT. Proposal 3.8-1 can be split into two parts, while the 1st part is agreeable. If we can agree on the 1st part, then the 2nd part is somehow minor issue, which can be clarified in next meeting.
1)     For the LTE to NR handover, in case the target NR cell is a legacy cell, the RedCap UE should trigger RRC re-establishment procedure.
2)     FFS rely on current specification. (e.g. FFS no spec impact, or some clarification in spec, or some new solution).
HW suggests to reword as "For the LTE to NR handover, in case the target NR cell is a legacy cell, the RedCap UE should trigger RRC re-establishment procedure. FFS any specification impact."
· Continue online
· Intel is fine with rewording. 
· ZTE is fine with HW/BT's proposal, trigger re-establishment immediately if the UE finds out the target cell is legacy cell, understand the proposal is to avoid a RedCap to access a 20MHZ legacy NR cell
· HW clarifies that the discussion here is about legacy gNBs
· Apple thinks we could leave this to implementation
· For the LTE to NR handover, in case the target NR cell is a legacy cell, the RedCap UE should trigger RRC re-establishment procedure. FFS any specification impact or purely leave to implementation

	Agreements online:
1. For the LTE to NR handover, in case the target NR cell is a legacy cell, the RedCap UE should trigger RRC re-establishment procedure. FFS any specification impact or purely leave to implementation



The following was discussed during RAN2#117-e:
Proposal 1	No specification changes are needed for the case of RedCap UE LTE to NR handover, where the target NR cell is a legacy cell. As per earlier agreement, the RedCap UE should trigger RRC re-establishment procedure and the prevention of failed handover attempts is up to network implementation.
· Vodafone wonders how this would work as the situation could become cyclic. BT agrees
· Apple thinks that in most proposals the UE does something but in any case the NW needs to do something as well, so eventually this can be left to NW implantation. 
· Ericsson has similar concerns as VDF on the cyclic behaviour but thinks that something needs to be done on the NW in any case. Mediatek agrees.
· Sequans thinks we need to specify something. 
· VDF thinks we could encode the UE RAC so that the legacy target NR base station cannot decode it. 
· ZTE thinks we can introduce a solution where for RedCap UE, to trigger legacy NR cell to reject the handover from LTE, we redefine RedCap specific capability container.
· Intel thinks ZTE solution is similar to NB-IoT. 
· Continue in the ASN.1 review (next meeting)

[bookmark: _Ref178064866]In this contribution we elaborate on the issue and provide our view on solution(s) for the issue. 
2	Discussion
2.1 	Existing failure cases
The excerpt below captures the UE behaviour in case of failure during mobility from E-UTRA:
[bookmark: _Toc20486902][bookmark: _Toc29342194][bookmark: _Toc29343333][bookmark: _Toc36566585][bookmark: _Toc36809999][bookmark: _Toc36846363][bookmark: _Toc36939016][bookmark: _Toc37081996][bookmark: _Toc46480623][bookmark: _Toc46481857][bookmark: _Toc46483091][bookmark: _Toc83790388]5.4.3.5	Mobility from E-UTRA failure
The UE shall:
1>	if T304 configured in the MobilityFromEUTRACommand message expires (mobility from E-UTRA failure); or
1>	if the UE does not succeed in establishing the connection to the target radio access technology; or
1>	if the UE is unable to comply with (part of) the configuration included in the MobilityFromEUTRACommand message; or
1>	if there is a protocol error in the inter RAT information included in the MobilityFromEUTRACommand message, causing the UE to fail the procedure according to the specifications applicable for the target RAT (i.e. according to subclause 5.3.5.6 if the targetRAT-Type in the received MobilityFromEUTRACommand is set to eutra):
2>	stop T304, if running;
2>	if the cs-FallbackIndicator in the MobilityFromEUTRACommand message was set to TRUE or e-CSFB was present:
3>	indicate to upper layers that the CS fallback procedure has failed;
2>	revert back to the configuration used in the source PCell, excluding the configuration configured by the physicalConfigDedicated, mac-MainConfig and sps-Config;
2>	if MobilityFromEUTRACommand concerned a failed inter-RAT handover from E-UTRA to NR and if the UE supports Radio Link Failure Report for Inter-RAT MRO NR:
3>	store handover failure information in VarRLF-Report according to 5.3.5.6;
2>	initiate the connection re-establishment procedure as specified in 5.3.7;

That is, if the UE cannot comply with the configuration, it should initiate the RRC connection re-establishment procedure specified in subclause 5.3.7. For a RedCap UE, such situation can arise for example when the configured carrier BW or any other configuration cannot be met by the reduced capability UE.
Additionally, if during the handover, when target gNB, after acquiring UE radio capabilities, understands that UE is not capable of operating in the target cell, target gNB can signal “insufficient UE capabilities” to the source eNB and reject the handover. 

[bookmark: _Toc101475220][bookmark: _Toc101821326]Handover does not succeed if the UE cannot comply with the configuration or if the UE radio capabilities are not sufficient to operate in the target cell. 

However, if the UE can comply with the configuration, yet the target gNB is not aware that the UE would not support some features which are assumed otherwise by the gNB, it could happen that the UE may establish/continue the connection in the target cell even though it could not be handled properly by the target gNB. 
2.2 	Handover failures from eNB to legacy gNB
The following options were discussed in RAN2#116bis to address the issue in a way that UE would start RRC re-establishment procedure and thus not try to establish connection in the target cell: 
· Option 1 (R2-2203712): Add an indication in the RRC reconfiguration message with mobility that target cell supports RedCap UEs. If such indication would be missing, the UE would assume that target gNB does not support RedCap UEs and trigger RRC connection re-establishment. 
· Option 2 (R2-2203712): UE is required to check whether the target cell supports RedCap UEs, e.g., by explicitly acquiring SIB1 of the target cell. If the target cell does not support RedCap UEs, the UE should trigger RRC connection re-establishment procedure. Add a NOTE in specification.
· Option 3 (R2-2202530): No additional discussion (work) is made to resolve the case where the LTE NW handovers over a RedCap UE to a NR cell which does not support RedCap. That is, the issue is left for the NW to resolve.
· Option 4 (R2-2202654): Leave up to UE to determine whether RedCap access is supported in the target NR cell. RAN2 should discuss and specify a complete solution solving the inter-RAT handover issue, and not just consider triggering RRC re-establishment. For example, upgrading eNBs to understand the UE type or triggering legacy gNBs to reject HO from LTE e.g. by redefining the RedCap specific capability container could be considered.

Options 1 and 2 (and part of Option 4) given above are UE-centric and would not prevent network from triggering the HO procedure thus resulting in radio resource waste. Besides, one should also consider the cyclic behavior since such procedures would not prevent network from triggering the handover procedure multiple times after a failure or a rejected handover (unless the UE manages to camp or establishes connection in another cell after attempting re-establishment to the source eNB). These options would not prevent the UE from coming back which leads to a resulting risk of systematic behavior from network standpoint and repeated failed handovers towards the target cell. 

[bookmark: _Toc101475221][bookmark: _Toc101821327]UE-centric solutions, e.g., Options 1 and 2 above, do not prevent systematic handover attempts and failures from source eNB to target legacy gNB.

In addition to the observation above, solutions similar to Option 1 would require changes in RRC reconfiguration message and procedure for a case which is perhaps not very common. It would need to be implemented regardless of whether other measures can be taken to prevent such handovers, and eventually with a homogeneous or upgraded deployment such solution would not be needed. 
Option 2 would mandate the UE to acquire SIB1 of the target cell unless SIB1 is provided as part of the RRC re-configuration message in the handover command. This would increase the latency during handover. Besides we don’t think that it would be enough to just add a NOTE in the specification especially considering that such NOTE would not be normative. For intended behaviour, the behaviour should be mandated in the specifications.
We think that the whole problem setting, i.e., performing handover from source eNB to a target gNB that does not support RedCap, is an error case which should not happen in practice. This should preferably be avoided by network implementation. We also think that number of RRC re-establishments should be minimized in a network deployment.
To achieve this, we see the following options:
1) If the target gNB understands from the UE-NR-capabilities that the UE has reduced capabilities it should reject the incoming HO request with the cause value “insufficient UE capabilities”, which prevents the eNB from attempting subsequent requests for the UE (up to NW). Since the gNB software handling UE capabilities (e.g. BC/BCS lists) must anyway be upgraded regularly it seems feasible to add the RedCap check soon and independent of the actual support for RedCap functionality. 
2) Target gNB may provide SIB1 in HO command which UE would check and start a re-establishment if needed (however the re-attempt issue would still exist in this case).
3) As an alternative, RAN2 could add the RedCap incapability bit to the inter-RAT capabilities in the UE-EUTRA-Capabilities, an upgraded eNB could refrain from sending the HO request to a gNB which does not indicate RedCap support via Xn. However, since operators may not upgrade their eNBs as frequently as their gNBs and since the other solutions need to be implemented anyway for the case where a UE forgot to add the bit in the EUTRA capabilities, we see no strong need for this approach. 

Therefore, we think no particular solution or specification changes are needed and we can leave this up to network implementation. 

[bookmark: _Toc101475224][bookmark: _Toc101820962]It is up to network implementation to avoid handover attempts from source eNB to legacy gNB that does not support RedCap.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Handover does not succeed if the UE cannot comply with the configuration or if the UE radio capabilities are not sufficient to operate in the target cell.
Observation 2	UE-centric solutions, e.g., Options 1 and 2 above, do not prevent systematic handover attempts and failures from source eNB to target legacy gNB.
Based on the discussion in the previous sections we propose the following:
Proposal 1	It is up to network implementation to avoid handover attempts from source eNB to legacy gNB that does not support RedCap.
[bookmark: _Ref95296412]
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