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1. Introduction
One of the objectives of MUSIM WID [1] is following:

	2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:

· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.

· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
NOTE 1: Single Rx allows MUSIM UE to receive traffic from only one network at one time, Dual Rx allows MUSIM UE to simultaneously receive traffic from two networks. Single Tx allows MUSIM UE to transmit traffic to one network at one time, dual Tx allows MUSIM UE to simultaneously Transmit traffic to two networks. (The terms Single Rx/Tx and Dual Rx/Tx do not refer to a device type. A single UE may, as an example, uses Dual Tx in some cases but Single Tx in other cases).


In RAN2#112-e, the following network switching related agreements were made.

· RAN2 will continue to discuss RRC-based switching/leaving and returning procedure in 5GS/NR when UE is in RRC_CONNECTED. There may be different mechanisms (short/long, leaving/returning, etc.). 

· RAN2 will evaluate short/long time switching in this WI.

· From RAN2 point of view, it is feasible that the busy indication is sent as an RRC message with security for RRC_INACTIVE. FFS how this works. FFS if/how to ensure UE doesn't disconnect from RRC_CONNECTED during busy indication.

This contribution is to analyse whether gap pattern is needed for periodic short-time switching and which mechanism is suitable to configure/activate/deactivate the gap pattern to UE.
2. Necessity of introduction of the Scheduling gap for Periodic short-time switching
When UE is in RRC_CONNECTED state on network A and in idle/inactive mode with USIM B,UEs that share RF channel between two USIMs have to tune away specific RF channel to USIM B to perform paging reception, measurements, TAU, RNAU, etc. While paging reception/measurements are periodic activities, cell reelection/system information update and so on are aperiodic and be called one-shot activities.

For periodic activities of network B, they are repeated in a stable period and just take short time in each period (around 10 ms). Since these activities are short in time the network and UE can still keep synchronized and stay in RRC connection status. However, the UE periodic absence from network leads to signal decoder failure and data deterioration. 

In order to let the network A stop scheduling UE during the short absence and keep in RRC connection status to reduce the interrupt on service. UE and network A can negotiate a periodic scheduling gap using RRC procedure. Once the scheduling gap is configured and activated, it can be applied for each periodic event until deactivated.

Proposal 1: scheduling gap pattern can be introduced for periodic short-time switching.
For one-shot activities of network B, we have another discussion paper[].
3. Mechanism of Scheduling gap
When UE enters RRC_CONNECTED state on network A, UE can negotiate with network A to configure a scheduling gap pattern. The scheduling gap configuration procedure is similar to measurement gap configuration, but the main difference is network A has no idea about the paging occasion of network B, and also don’t know the exact start time. So it’s UE’s responsibility to report the relevant information to network A.

A new RRC command can be introduced to allow UE to send gap pattern request to network A which include all information needed. The network configures the pattern based on information provided by UE which means the network is in control of the configuration of the pattern. 
Proposal 2: UE provide gap pattern related information to network A and network configures the pattern based on information provided by UE. 

To activate the pattern, there are two options do be discussed.

Option1: UE activate the pattern by MAC CE

Option1 means the pattern configuration and pattern activation can be decoupled. Network can configure multiple patterns for UE and UE can activate any one as needed. Also MAC CE has less delay.

Option2: The pattern is activated by RRC Reconfiguration message directly. 

Option2 means the activation/deactivation indication is provided together with the gap pattern information and the network can decide to activate/deactivate the gap directly through pattern configuration message. 

Proposal 3: Both RRC procedure and MAC procedure are considered to activate/deactivate the gap pattern. 

The period of periodic activities maybe quite different, for example, the paging monitoring occurs every DRX cycle and TAU may just happen once half an hour. It will be more efficient to focus on frequent periodic activities such as paging monitoring and measurement other than considering every detailed event, the latter will make the gap pattern too much complicated.

The Gap pattern assistance information should include gap offset, gap repetition period, gap duration, etc. The similar formula can be introduced to calculate start frame and sub-frame using gap offset like measurement gap does.

Proposal 4: The gap pattern related information should contain gap offset, gap repetition period, gap duration.
For the UEs with several Rx chains but fully occupied with USIM A when it is in the connected mode, the UE may only tune away one or two Rx chains to monitor paging of USIM B. For example, the UE has 4Rx in total and tune 2Rx to USIM B to monitor paging, but the network A doesn’t know UE Rx capabilities has changed from 4Rx to 2Rx and still schedule DL data in 4Rx, which will lead to data loss and network resources wasting. So during the gap pattern assistance information report procedure, MIMO capability changes should also be include to notify network A.

Proposal 5: The Gap pattern mechanism can be reused for single TX/ dual Rx UE which only tune away partial of the Rx chains to network B to reduce network resources waste.

Proposal 6: An indicator that UE can continue transmission and receiving with reduced MIMO capability should be reported.
4. Conclusion 
In this document, we analyze the mechanism of scheduling gap and conclude that: 

Proposal 1: Scheduling gap pattern can be introduced for periodic short-time switching.
Proposal 2: UE provide gap pattern related information to network A and network configures the pattern based on information provided by UE. 

Proposal 3: Both RRC procedure and MAC procedure are considered to activate/deactivate the gap pattern. 

Proposal 4: The gap pattern related information should contain gap offset, gap repetition period, gap duration.
Proposal 5: The Gap pattern mechanism can be reused for single TX/ dual Rx UE which only tune away partial of the Rx chains to network B to reduce network resources waste.

Proposal 6: An indicator that UE can continue transmission and receiving with reduced MIMO capability should be reported.
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