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1	Introduction
RAN2 agreed that the UE Assistance information signaling UAI can be used for the signalling of “temporary UE capability changes for dual-active MUSIM”.
In this document we discuss alternatives on how early indication of restricted UE capabilities can be introduced in RRC signaling.
We also discuss the applicability of reduced UE capabilities to both NW-A and NW-B.
[bookmark: _Ref178064866]2	Discussion
2.1	General
In this document, we use the term Restricted (UE) capabilities to denote the sub-set of the full UE capabilities that a UE connected to two networks offers to one of these networks (e.g. restricted MIMO capabilities, restricted band capabilities). 
We assume that UEAssistanceInformation is used by UE to indicate its restricted UE capabilities to Nw when in RRC_CONNECTED, as agreed by RAN2.

2.2	RRC Connection Establishment
In RAN2#123, the following has been agreed:
Use Msg5 for early indication of MUSIM capability restriction for UEs in IDLE

This means that a MUSIM UE, that is already connected to a first Nw would, when establishing connection with a second Nw, indicates to the second network that it has restricted UE capabilities, by using the RRCSetupComplete message.
In the following, we elaborate on two alternatives by which the network is made aware of the content of the restricted UE capabilities:
Alternative 1:
1. RRCSetupComplete message is extended to include one-bit indication to inform the second Nw that the UE capabilities are restricted.
2. At this stage, the Nw does not know which are the UE capabilities that are restricted, so the Nw configures in a first RRCReconfiguration message the UE respecting a default (specified) restricted UE capabilities set.
Default restricted UE capabilities are used until the UE sends UEAssistanceInformation to the Nw.
The configuration based on the default (specified) restricted UE capabilities could e.g. be: 
a. Pcell only
b. One MIMO layer
c. No measurements 
3. After having received UEAssistanceInformation message from UE, the Nw can reconfigure the UE according to its specific restricted UE capabilities.

Alternative 2:
1. RRCSetupComplete message is extended to include the actual restricted UE capabilities. This implies that the same information fields on restricted UE capabilities as in UEAssistanceInformation are introduced also in RRCSetupComplete.
2. The Nw can reconfigure the UE according to its specific restricted UE capabilities, as received in the RRCSetupComplete.

With Alt.1, there might be some negative effect e.g. on delaying the UE configuration with the actually reduced capabilities, since the Nw has to use a default (specified) restricted UE capabilities until the UEAssistanceInformantion message is received. This could be acceptable for MUSIM UEs.
With Alt.2, the Nw can configure the UE with the actual restricted capabilities as soon as the RRCSetupComplete is received. On the other side, this requires a bigger standard change to the RRCSetupComplete message. Also, some additional mechanism than the UIA framework is needed to make UE aware of frequencies/bands used by the Network (if needed).
We expect that Alt.1 requires less standard impact compared to Alt.2 (but a default restricted UE capabilities configuration has to be defined) and the possible delay until the UE is configured with the actual restricted capabilities seems acceptable for a MUSIM UE. For this reason, we propose to use Alt.1.
[bookmark: _Toc146115868][bookmark: _Toc146831172]After received the restricted capability indication in RRCSetupReques, the Nw configures the UE using a default (specified) restricted UE capabilities until the UEAssistanceInformation message, including the actual restricted capabilities, is received.
2.3	RRC Connection Resume
The RRCResume message is sent by UE to resume the suspended RRC connection (RRC_INACTIVE -> RRC_CONNECTED). Nw sends RRCResume to configure the UE and UE enters RRC_CONNECTED. However, Nw now assumes can use full UE capabilities, unless Nw, by some other means, knows UE can offer only restricted UE capabilities. 
In RAN2#123, there has been a discussion on the usage of LCID to indicate restricted capabilities at resume:
Using LCIDs would avoid any problems for RRC resume procedure. However, there are not many LCIDs left for UL and some other Rel-18 WIs also intend to use them.
FFS whether there is a need to use the LCIDs or whether we can reuse the legacy LCIDs

We think that the LCID should not be used for MUSIM purpose for the following reasons:
· The number of the remaining available LCID bits is limited and other Rel-18 features want/need to use them.
· The LCID bit is not security protected and it can be risky to use it for capability restriction indication.
· Not suitable as a “MSG3 early indication”. Only one functionality can be indicated by LCID bit in MSG3 so, for instance, if the UE uses the LCID bit for restricted capability, the UE cannot simultaneously indicate the CCCH size (48 or 64 bit).
· More standardization work is required (e.g. MAC spec impacts).

Usage of LCID as MSG3 early indication has a number of drawbacks and limitations, so its usage to indicate restricted capabilities is not recommended.

In the following, we elaborate on different methods by which the network could be aware of the content of the restricted UE capabilities.
1. The UE abandons the RRC connection and triggers establishment of new RRC connection (RRCSetupRequest)
a. Instead of resuming the connection, the UE requests a new RRC connection (and the early indication methods as described for RRC connection establishment in Section 2.2 apply). No further changes are needed to the RRC resume procedure (less specification impact). On the other hand, this will result in some additional delay. 
[bookmark: _Hlk146113578]This would only occur if the UE capabilities becomes restricted while the UE is in RRC_Inactive state. For instance, if the UE was using full capabilities in NW-A when suspended and, while in RRC_Inactive state, the UE sets up a connection to NW-B, when resuming the UE will use restricted capabilities and will indicate that by triggering establishment of new RRC connection (instead of resuming it).
The same may occur if the UE is suspended when using restricted capabilities, and the set of  capabilities (as memorized by the Nw) are modified while in RRC_Inactive. In this case the UE may trigger the establishment of new RRC connection, instead of resuming it.
In all other cases, the resume procedure is triggered.
The Table below summarizes the different possibilities:
	UE capabilities status when suspended
	UE capabilities status when resumed
	Procedure

	Full
	Full
	Resume connection

	Full
	Restricted
	Setup connection

	Restricted
	Restricted (same restriction)
	Resume connection

	Restricted
	Restricted (different restriction)
	Setup connection

	Restricted
	Full
	Resume connection*


* The connection is resumed with restricted capabilities, and the UE can indicate full capabilities using the UAI message.

2. New resume causes in RRCResumeRequest message can be used by UE to indicate to Nw (without resuming the connection) whether full or restricted UE capabilities are valid next time the connection is resumed (with legacy resume cause).
a. While in RRC_Inactive state, the UE sends the RRCResumeRequest with the new resume causes whenever any change of its capabilities occurs (i.e. full to restricted and vice versa). The network stores such information and keeps the UE to RRC_Inactive state.
At resume, the Nw knows the UE capabilities status (restricted or not). If the capabilities are restricted, the Nw uses a default (specified) restricted UE capabilities set, until the UAI message is received.
3. The Nw has acquired the content of the Restricted UE capabilities from UE before UE was released to RRC_INACTIVE (i.e., while the UE was still in RRC_CONNECTED). 
a. Nw can receive the content of the Restricted UE capabilities e.g. in UEAssistanceInformation or UEInformationResponse before the UE is released to RRC_INACTIVE. When UE later is resumed from RRC_INACTIVE to RRC_CONNECTED, by the stored information, Nw can ensure it does not exceed the Restricted UE capabilities, and there is no need to convey information on restricted UE capabilities in the RRCResume procedure.
4. The Nw always resumes the connection of MUSIM UEs by using a default (specified) restricted UE capabilities set, until the UAI message is received from the UE

Alt.1 requires less specification impacts since the RRC resume procedure is not modified. However, it introduces some delay since the UE will setup the connection, instead of resuming. Anyway, this is done only when the UE capabilities are restricted while the UE is in RRC_Inactive state, so it seems acceptable.
On the other side, Alt.2 introduce more standard impacts (e.g. new resume cause), but the advantage is the UE is resumed with no delay (although the Nw has to use a default restricted UE capabilities until the UEAssistanceInformantion message is received).
Alt. 3 is the simplest solution, where the early indication is not used. However, it introduces delay at resume of all MUSIM UEs, regardless of the UE capability status (restricted or full).
[bookmark: _Toc146831173]Based on the evaluation in this document, RAN2 to discuss and agree on mechanism for early indication of reduced UE capability at RRC Connection resume.

2.4 Applicability of reduced UE capabilities to both NW-A and NW-B
At RAN2#121bis-e the following has been agreed with respect of the temporary capability restrictions:
· 1: For Rel-18 MUSIM dual active operation, the maximum MIMO layer may be changed and the change can be indicated to the NW. FFS if this is only for NW A or also NW B.
· 3: For Rel-18 MUSIM dual active operation, the measurement gap requirement may be changed and the change can be indicated to the NW. FFS if this is only for NW A or also NW B.

As highlighted in the agreements above, one aspect still FFS is if the capability restriction is only indicated to NW-A or also to NW-B (both NR). If the restriction is indicated only to one network (e.g., NW-A), the other network (e.g., NW-B) is not aware of such restriction, so it could configure the MUSIM UE with full capabilities in that particular aspect. This will lead to a configuration issue since the UE cannot use full capabilities when connected to both the networks. For this reason, both the networks need to know if the UE capabilities are restricted.
[bookmark: _Toc142579646][bookmark: _Toc146831174]The mechanisms developed in this WI shall allow that UE indicates the capability restriction to both NW-A and NW-B. 

Conclusion
Based on the discussion in this document we propose the following:
Proposal 1	After received the restricted capability indication in RRCSetupReques, the Nw configures the UE using a default (specified) restricted UE capabilities until the UEAssistanceInformation message, including the actual restricted capabilities, is received.
Proposal 2	Based on the evaluation in this document, RAN2 to discuss and agree on mechanism for early indication of reduced UE capability at RRC Connection resume.
Proposal 3	The mechanisms developed in this WI shall allow that UE indicates the capability restriction to both NW-A and NW-B.
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