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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In Rel-18 MUSIM WI, the below objective was agreed in [1].
	1. Enhancements for MUSIM procedures to operate in RRC_CONNECTED state simultaneously in NW A and NW B. [RAN2, RAN3, RAN4].
· Specify mechanism to indicate preference on temporary UE capability restriction and removal of restriction (e.g. capability update, release of cells, (de)activation of configured resources) with NW A when UE needs transmission or reception (e.g., start/stop connection to NW B) for MUSIM purpose
· RAT Concurrency: Network A is NR SA (with CA) or NR DC. Network B can either be LTE or NR.
· Applicable UE architecture: Dual-RX/Dual-TX UE

The work item shall identify whether the WI will have RAN3 or RAN4 impacts by RAN#99 [RAN2].


For this objective, RAN2#121 meeting has made the below related agreements. 
	A8: For dual-active MUSIM, at least the following type of UE capabilities can be expected to be impacted:
•	Transmission and reception capabilities (e.g. MIMO layers)
•	Measurement capabilities (e.g. gaps)
•	Supported bandwidth
•	Supported band-combinations (FFS whether this is CA or DC or both)
FFS what is the granularity of reported temporary UE capability restrictions (also pending the band conflict discussion). 
FFS whether UE reports some or all of the above or whether we can do something simpler
A6: For dual-active MUSIM, UE signaling will support the request for release (and reversal) of SCells and SCG. The signaling details (e.g. implicit or explicit request of each SCell or SCG) is FFS. FFS if we support deactivation (based on discussion in which case it can be used). It is up to network how to react to UE request.
RAN2 does not intend to create new procedures for e.g. SCell/SCG deactivation for MUSIM purposes in Rel-18. Existing procedures can be used based on NW choice.
B4: RAN2 considers the only RAN3 impact may be to support the UE request of SCG/SCell release via SRB3 (if supported) for MUSIM purpose (e.g. cause value).  If this can be done via inter-node messages, RAN2 expects no RAN3 impacts.
1: RAN2 sees no need to define new interruption time in NW A due to MUSIM capability change. 
2: RAN2 considers that there may be RAN4 impact on the maximum UL power change due to R18 MUSIM. However, RAN2 needs to analyze the power issue more before asking RAN4 specifically. 
RAN2 considers that the checkpoint on RAN3/4 impacts has been done.
RAN2 confirms that the band conflict scenarios will be covered by the temporary UE capability restrictions. FFS on signalling details.


This paper will continue discussing which UE capabilities can be impacted by temporary UE capability restrictions and how signalling of temporary UE capability changes works.  
2. Discussion
For UE capabilities that may be impacted by temporary UE capability restrictions, the following capabilities are considered:
Band/band combinations: 
There are two types of conflicts due to dual active MUSIM operation, i.e., hardware conflict and band conflict. When band conflict happens between dual active USIMs, the UE needs to report its current constrained bands or band combinations to the network. With this information, the network can perform proper action, for example, handover. When hardware conflict happens between dual active USIMs, the UE will not support some CA capabilities indicated in the UE static capabilities, so the UE needs to report its temporary constrained band or band combinations to the network A. When receiving the constrained band/band combination information, the network can perform proper action, for example, release some SCells or not to configure the SCells on the bands that the UE temporarily does not support. 
MIMO layers:
The UE may change its maximum MIMO layer due to MUSIM purpose. For example, the UE in network A supports UL MIMO with 2Tx. When UE in network B enters RRC_CONNECTED with 1 Tx capability, then UE in network A can no longer support UL MIMO during this period. When UE in network B leaves RRC_CONNECTED, UE in network A will get UL MIMO capability back. So, UE in network A needs to indicate to the Network A that its UL MIMO capabilities change. It’s similar to UE capabilities of DL MIMO layer. For the granularity, the maximum MIMO layers could be per direction, and per frequency range. And in current capability, the MIMO layer capabilities are reported per FSPC. From our understanding, the UE may just reduce the maximum DL MIMO layers on specific CCs, so the UE should be allowed to report its maximum MIMO layers per carrier per band for the supported BCs. 
SRS switching capability: 
SRS switching is used to acquire DL CSI. The UE may not be able to send the SRS as configured if the related RF is switched from the network A to network B, then the DL performance will be downgraded. To solve this issue, the UE needs to report its SRS switching capability change due to MUSIM operation. Currently, SRS switching capability is reported per band per BC. So, the UE should be allowed to report its SRS switching capabilities per band for the supported BCs due to MUSIM purpose. 
Measurement gap requirement: 
When the UE receives SCell/SCG deactivation/release command as a response to the UE request for temporary capability restriction for MUSIM purpose, the UE may switch the released RF resources to the network B. Previously, these RF resources are used to perform SCell/SCG RRM measurement regardless of SCell/SCG state, but now are being used in network B. So, the UE may currently need gap(s) in network A to perform SCell/SCG RRM measurement. Specifically, the UE needs to update whether it needs gaps to perform SCell/SCG RRM measurement and non-serving frequency RRM measurement. Currently, if the network requests and the requirement changes, the UE reports the gap requirement on the serving cells and non-serving frequency bands. From our understanding, the same granularity can be applied. 
Bandwidth:
To solve the band conflict issue, the UE can indicate the maximum DL/UL bandwidth to the network A, which granularity is also adopted in IDC WI. For the bandwidth capability, the UE should be allowed to report its maximum bandwidth per band per BC.
Maximum power: 
In case of dual active transmission, the UE may have a maximum power backoff of 3dB in NW A, and this value of power backoff is allowed by the current RAN4 requirement. And for the power backoff caused by severe intermodulation interference, there could be significant power backoff. This should be solved by band conflict solution discussed in RAN2, but not PHR reporting since the power backoff reporting in PHR is only for FR2 and the power backoff should be caused by SAR as specified in RAN4. So, there is no need for the UE to report its maximum power in NW A due to dual active transmission, and it’s unnecessary to request RAN4 to deal with the issue of the maximum power restriction. 
Given above analysis, we have the following proposal:
Proposal 1 The UE is allowed to report the following capabilities to the NW A for dual active MUSIM operation:
- the constrained Band/Band combinations;
- the maximum DL/UL MIMO layer (per FSPC);
- the SRS switching capability (per band per BC);
- the measurement gap requirement (per serving cells and per non-serving frequency band);
- the maximum DL/UL bandwidth (per band per BC).
Proposal 2 There is no need for the UE to report the maximum power to NW A for dual active MUSIM operation. 
In order to reduce signalling overhead and considering the deployment of the network, the network can configure a requested band list, requesting the UE to report the bands or the band combinations comprising the bands included in this list. The bands included in this list can be the centre frequency of the active carriers or non-serving frequency bands. Thus, we have the following proposal: 
1. In order to reduce signalling overhead and considering the deployment of the network, the network can configure UE to report Band/BC list.
Proposal 3 If a requested band lists is configured by the network, the UE reports the constrained Band/BC lists comprising of the band included in the requested band lists.
Proposal 4 If a requested band lists is not configured by the network, the UE reports all the constrained Band/BC lists.
Also, to reduce the signalling overhead and considering the network deployment, the network can configure a requested band list (this can be the same as the one in Proposal 3), and request the UE to report the MIMO layer/SRS switching/measurement gap requirement/bandwidth capabilities for each supported band/band combination comprising the band included in the requested band list. And if the network does not configure the requested band list, the UE can report MIMO layer/SRS switching/measurement gap requirement/bandwidth capabilities for all its supported band/band combinations. 
Proposal 5 If a requested carrier/band list is configured by the network, the UE reports the maximum MIMO layer/SRS switching capability/measurement gap requirement/bandwidth for each carrier/ band included in the requested carrier/band list. 
Proposal 6 If a requested carrier/band list is not configured by the network, the UE reports the maximum MIMO layer/SRS switching capability/measurement gap requirement/bandwidth for all its current supported band/BCs for MUSIM purpose. 
3. Conclusion
In this paper, the following proposals are given:
Observation 1 [bookmark: _GoBack]In order to reduce signalling overhead and considering the deployment of the network, the network can configure UE to report Band/BC list.
And
Proposal 1 The UE is allowed to report the following capabilities to the NW A for dual active MUSIM operation:
- the constrained Band/Band combinations;
- the maximum DL/UL MIMO layer (per FSPC);
- the SRS switching capability (per band per BC);
- the measurement gap requirement (per serving cells and per non-serving frequency band);
- the maximum DL/UL bandwidth (per band per BC).
Proposal 2 There is no need for the UE to report the maximum power to NW A for dual active MUSIM operation.
Proposal 3 If a requested carrier/band list is configured by the network, the UE reports the maximum MIMO layer/SRS switching capability/measurement gap requirement/bandwidth for each carrier/ band included in the requested carrier/band list. 
Proposal 4 If a requested band lists is not configured by the network, the UE reports all the constrained Band/BC lists.
Proposal 5 If a requested carrier/frequency band list is not configured by the network, the UE reports the maximum MIMO layer/SRS switching capability/measurement gap requirement/bandwidth for all its current supported band/BCs for MUSIM purpose. 
Proposal 6 If a requested carrier/band list is not configured by the network, the UE reports the maximum MIMO layer/SRS switching capability/measurement gap requirement/bandwidth for all its current supported band/BCs for MUSIM purpose.
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5. Appendix
5.1 [bookmark: OLE_LINK8]RAN2#121 Agreements
· A2a: When the UE is in Connected mode in two NR networks, it is up to the UE implementation to select which NW to perform signaling for temporary UE capability restrictions. 
· A2b: When the UE is in Connected mode in NR NW A and moving from Idle/Inactive to connected mode in NR NW B, the signaling for temporary UE capability restrictions can happen on NW A. FFS how to handle if UE is moving from IDLE/INACTIVE in NW A and is in CONNECTED with NW B.
· A2c: When the UE is in Connected mode in both networks and one is E-UTRAN, the signaling for temporary UE capability restrictions happens on the NR network.
· A3: The UE will request a temporary capability restrictions (e.g. via UAI) only after the NW signals via RRC that this is allowed. FFS whether the UE can indicate if it is already connecting with reduced capabilities during connection set-up/resume.
· A4: RAN2 to discuss whether prohibit timer is needed for the signaling of temporary UE capability restrictions This can wait until after progress is made on the signaling framework.
· A1: UAI can be used for the signaling of temporary UE capability changes for dual-active MUSIM. FFS if we have additional signalling (depends on e.g. SCell/SCG deactivation usability for MUSIM)
· A8: For dual-active MUSIM, at least the following type of UE capabilities can be expected to be impacted:
· •	Transmission and reception capabilities (e.g. MIMO layers)
· •	Measurement capabilities (e.g. gaps)
· •	Supported bandwidth
· •	Supported band-combinations (FFS whether this is CA or DC or both)
· FFS what is the granularity of reported temporary UE capability restrictions (also pending the band conflict discussion). 
· FFS whether UE reports some or all of the above or whether we can do something simpler
· A6: For dual-active MUSIM, UE signaling will support the request for release (and reversal) of SCells and SCG. The signaling details (e.g. implicit or explicit request of each SCell or SCG) is FFS. FFS if we support deactivation (based on discussion in which case it can be used). It is up to network how to react to UE request.
· RAN2 does not intend to create new procedures for e.g. SCell/SCG deactivation for MUSIM purposes in Rel-18. Existing procedures can be used based on NW choice.
· B4: RAN2 considers the only RAN3 impact may be to support the UE request of SCG/SCell release via SRB3 (if supported) for MUSIM purpose (e.g. cause value).  If this can be done via inter-node messages, RAN2 expects no RAN3 impacts.
· 1: The UE is only allowed to provide MUSIM assistance information for Rel-17 MUSIM gap preference to NR MN and NR MN configures the UE with Re-17 MUSIM gap(s). This requires no specification impacts.
· Use inter-node messages to convey Rel-17 MUSIM gap configuration from MN to SN in NW A when UE is in NR-DC.
· RAN2 confirms that the band conflict scenarios will be covered by the temporary UE capability restrictions. FFS on signalling details.

5.2 RAN2#119bis Agreements
	The R18 MUSIM solution should work in DC/CA and RAN sharing scenarios (but need not be optimized for RAN sharing).
RAN2 aims to address at least the Scenario 1: the UE in network A in RRC_CONNECTED indicates (i.e. adds/removes) its preference on temporary UE capability due start/stop connection in NW B. This can be e.g. CA/DC capability restriction. 
2 The following is assumed when defining the solution: 
The two networks are independent (i.e. no inter-network communication); 
The Core Network is not aware of the temporary restrictions of the UE capability; 
1: RAN2 can discuss NW A MN-SN coordination of Rel-18 MUSIM temporary capability restrictions due to UE being configured with NR-DC in NW A. 
RAN2 thinks MN-SN coordination for Rel-17 MUSIM gaps requires WI clarification in RAN
RAN2 needs to discuss which UE capabilities can be impacted by sharing of resources between the MUSIM links.
RAN2 aims to prioritize only few solutions and avoid multiple solutions for the same problem (FFS pending on solution details).
A7: The UE can initiate signalling for UE capability restrictions on NW A if NW A allows it. The specification will not capture NW B events which can cause such need. 
A4: RAN2 to discuss whether the following UE capabilities (not a complete list) are impacted for dual-active MUSIM: MIMO layers, BC capabilities, Measurement capabilities, Bandwidth, srs-TxSwitch, UL tx power, Power Class. 
For proposals A1-A2, the solution details need more discussion. Other solutions are not precluded (requires company input with details). Will discuss further over email on the solutions (after this meeting) and which capabilities can be affected.
For B1-B3, B5, the solution details need more discussion. May prioritize B1, B2 and B5. FFS on signalling details. Other solutions are not precluded (requires company input with details) and none of B1-B5 are agreed as solutions for this WI.
Do not consider solution B4 in Rel-18 (since it may have CN impacts which are precluded in this WI)
B1: For UAI based solution, the following steps can be used as a baseline:
The UE is in Connected Mode on NW A.
The UE is configured for UE capability update via UAI.
The UE intends to start or stop connection with NW B or is already in Connected mode in NW B.
The UE requests a change (restriction or removal of restriction) of the UE capabilities at NW A via UAI.
NW A reconfigures the UE, if needed, according to its new capabilities (FFS if NW response is mandatory)
The UE operates in NW A with the updated configuration.

B2: For delta-signaling of UE capability, the following steps can be used as a baseline:
The UE is in Connected Mode in NW A.
The UE is configured for UE capability update. 
The UE starts or stops connection with NW B or is already in Connected mode in NW B.
The UE signals the changed UE capabilities to NW A via delta-signaling.
NW A reconfigures, if needed, the UE according to its new capabilities (FFS if NW response is mandatory).
The UE operates in NW A with the updated configuration.

B3: The solution for the repetition of UE capability enquiry, the following steps can be used as a baseline:
The UE is in Connected Mode in NW A.
The UE is configured for UE capability update. 
The UE starts or stops connection with NW B or is already in Connected mode in NW B.
The UE requests a UE capabilty update request.
NW A sends UECapabilityEnquiry to the UE
UE sends UECapabilityInformation to the NW A gNB.
NW A reconfigures, if needed, the UE according to its new capabilities (FFS if NW response is mandatory.
The UE operates in NW A with the updated configuration.

B4: The solution based on using UE-profiles for capability restriction, the following steps can be used as a baseline:
The UE signals different temporary UE capability sets during registration (FFS if these profiles can be updated later)
The UE is in Connected Mode in NW A . 
The UE starts or stops connection with NW B or is already in Connected mode in NW B.
The UE requests to switch to a different UE capability profile, e.g. by signaling an index of the profile.
NW A reconfigures the UE according to its new capabilities.
The UE operates in NW A with the updated configuration.

B5 (11/15): A baseline procedure for MAC-CE based SCell (de)-activation can be considered as follows:
The UE is in Connected Mode in NW A .
The UE is configured for MAC-CE based SCell (de)-activation operation. 
The UE starts or stops connection with NW B or is already in Connected mode in NW B.
The UE sends a request to deactivate SCells via MAC-CE.
NW A deactivates, if needed, the requested SCells (FFS if NW response is mandatory).
The UE operates in NW A with the updated configuration.
CX: RAN2 to continue evaluation of any Xn-AP, F1-AP or RAN4 impact due to dual-active MUSIM operation.
1: RAN2 can consider such Band conflict scenarios for MUSIM in CONNECTED to arrive at a graceful specification-based solution intended to mitigate such conflicts.
Wait for RAN4 feedback on MUSIM gap priority.



