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1
Introduction


In this contribution, we discuss how to work SIM switching maintaining RRC connection via scheduling gap procedure.
2
Discussion

During the RAN2#112e meeting, RAN2 has discussed how SIM switching procedure can be supported and identified that there are 3 scenarios for the SIM switching like below:
- Long term SIM switching 
In this case, the UE performs the SIM switching for VoNR, VoLTE, or other data transmission. The UE may not be able to expect when to return to the current SIM. 
- One-shot short term SIM switching

In this case, the UE performs the SIM switching for TAU, RAU, or sending a busy indication. The UE can expect when to return to the current SIM if there would be no other UL/DL data to transmit after the required procedure on the other SIM.
- Periodic short term SIM switching

In this case, the UE performs the SIM switching for monitoring paging on the other SIM. The UE can exactly expect when to return to the current SIM because the required procedure on the other SIM is periodical. Referring to the email discussion in [1], RAN2 has generally assumed that paging cause is available to be included in the paging message even though there is no RAN2 agreement yet:

Proposal 14b
From overhead point of view, it is feasible to have paging cause on Uu for EPS and 5GS. 

Proposal 15
Online discussion is needed whether this increasing will impact the real deployment about paging volume and coverage.  

The network cannot know when the UE will return at least in Rel-17 due to no coordination between networks of multiple-SIMs unless the UE sends additional information of other SIM in a SIM switching notification. That is, since the network cannot reserve the network resources for the UE forever, the network may release the RRC connection regardless of type of the SIM switching when receiving the SIM switching notification.

On the other hand, the UE can decide whether the UE can maintain the current RRC connection before SIM switching through the expectation of time to return to the current SIM. For example, when long term SIM switching is needed, the RRC connection would be better to be released from the network point of view because the UE cannot provide the time information when to return to the current SIM. If the short term SIM switching is needed, the RRC connection would be better to be maintained because UE can provide the time information when to return to the current SIM. Also, in the case of the short term SIM switching, since all required procedure on the other SIM are generally finished within a second, maintaining the RRC connection on the current SIM is reasonable to reduce data interruption on the current SIM.
Considering the above statements, to reduce data interruption, the UE should indicate a preferred RRC state to the current SIM when performing SIM switching before just following the network’s decision. In our view, it would be a simple way to maintain the RRC connection on the current SIM that the UE should ask for a scheduling gap via SIM switching notification. Otherwise, e.g. long term SIM switching, the UE will ask for the release of the RRC connection via SIM switching notification.

Proposal 1. The UE can request the scheduling gap to maintain the RRC connection on the current SIM when notifying SIM switching if short term SIM switching is needed.  
For the next step, we think RAN2 needs to consider the scheduling gap procedure in detail.
For supporting the scheduling gap, the network on the current SIM may set an additional period in which the UE can be in an idle period. Unlike the legacy gap procedure, since the scheduling gap is required for the other SIM operation only, the idle period is the loss to the current SIM from a quality of service perspective. For example, the measurement gap is for seeking a better cell than the serving cell even though the UE cannot transmit user data during the gap. However, the scheduling gap just causes data loss without any gain from the current SIM point of view.

To reduce the data loss on the current SIM, it can be a simple way to configure the scheduling gap which is overlapped with the CDRX cycle. Because the CDRX cycle can be currently configured up to about 10 seconds in NR (detailed in the Annex below), it seems to be feasible that the scheduling gap is overlapped with the CDRX cycle in the case of the short term SIM witching.

On the other hand, to support efficient configuration handling, the scheduling gap and the CDRX don’t need to be separately configured to the UE. This is because the actual data from the current SIM would be scheduled based on the one which has the longest period between the scheduling gap and the CDRX cycle if the scheduling gap and the CDRX are separately configured.

Therefore, to optimize configuration handling for the scheduling gap, the DRX preference indication can be simply reused not only for CDRX but for the scheduling gap. That is, the UE sends the network the DRX preference indication considering both the scheduling gap and the CDRX so that the network can update the CDRX cycle for both of them as one procedure.
Note that it is beneficial for signaling overhead by size reduction because the legacy procedure can be simply reused as frequently as the other SIM requires SIM switching.
For the above reasons, we propose that the UE reuse sending DRX preference to ask scheduling gap and performs SIM switching procedure maintaining the RRC connection after receiving CDRX update for the scheduling gap.
Proposal 2. The UE sends DRX preference to ask scheduling gap and performs SIM switching procedure maintaining the RRC connection after receiving a CDRX update.

If RAN2 agrees with proposal 2, we think that additional information should be included in the DRX preference indication. This is because the network cannot know that the DRX preference indication is for the scheduling gap and may refuse the request for a DRX update. As a consequence, the UE may not perform the SIM switching promptly due to a lack of scheduling gap information, i.e. sending DRX preference again, or may perform to release the RRC connection on the current SIM. Then, it leads to a decrease in service of quality in MUSIM operation. Therefore, we propose the UE adds an indication that this DRX preference indication will be used for the scheduling gap when sending DRX preference indication. In our view, adding single-bit information is enough for indicating the new purpose of the CDRX.
Proposal 3. In the DRX preference indication, the UE includes additional information to indicate that this request will be used for the scheduling gap to prevent refusal by the network.

Lastly, we consider a scenario when the UE unexpectedly needs to operates more on the other SIM after the duration of the scheduling gap. This scenario is possible when unexpected UL/DL data transmission has been triggered by the network on the other SIM and is not completed until the end of the duration of the scheduling gap. 
In our view, the UE should return to the current SIM if the gap duration is over. This is because the network resource on the current SIM will be wasted by not responding from the UE if some data are scheduled to be supposed to transmit after the scheduling gap. If the UE considers that the other SIM operation becomes more important even after the duration of the scheduling gap, it would be a suitable way to request to reassign the gap to acquire a longer period like the legacy gap principle. Otherwise, it is also possible that the UE ask to release the RRC connection on the current SIM simply.
Proposal 4. As with the legacy gap principle, the UE isn’t allowed to perform other SIM operations after the end of the duration of the scheduling gap.
3
Conclusion
In this contribution, we have the following proposals:
Proposal 1. The UE can request the scheduling gap to maintain the RRC connection on the current SIM when notifying SIM switching if short term SIM switching is needed.  
Proposal 2. The UE sends DRX preference to ask scheduling gap and performs SIM switching procedure maintaining the RRC connection after receiving a CDRX update.
Proposal 3. In the DRX preference indication, the UE includes additional information to indicate that this request will be used for the scheduling gap to prevent refusal by the network.
Proposal 4. As with the legacy gap principle, the UE isn’t allowed to perform other SIM operations after the end of the duration of the scheduling gap.
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Annex - TS 38.331 v16.2.0
DRX-Config
The IE DRX-Config is used to configure DRX related parameters.

DRX-Config information element
-- ASN1START
-- TAG-DRX-CONFIG-START
 
DRX-Config ::=                      SEQUENCE {
    drx-onDurationTimer                 CHOICE {
                                            subMilliSeconds INTEGER (1..31),
                                            milliSeconds    ENUMERATED {
                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,
                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
                                            },
    drx-InactivityTimer                 ENUMERATED {
                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,
                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,
                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    drx-HARQ-RTT-TimerDL                INTEGER (0..56),
    drx-HARQ-RTT-TimerUL                INTEGER (0..56),
    drx-RetransmissionTimerDL           ENUMERATED {
                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,
                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,
                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    drx-RetransmissionTimerUL           ENUMERATED {
                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,
                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,
                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
    drx-LongCycleStartOffset            CHOICE {
        ms10                                INTEGER(0..9),
        ms20                                INTEGER(0..19),
        ms32                                INTEGER(0..31),
        ms40                                INTEGER(0..39),
        ms60                                INTEGER(0..59),
        ms64                                INTEGER(0..63),
        ms70                                INTEGER(0..69),
        ms80                                INTEGER(0..79),
        ms128                               INTEGER(0..127),
        ms160                               INTEGER(0..159),
        ms256                               INTEGER(0..255),
        ms320                               INTEGER(0..319),
        ms512                               INTEGER(0..511),
        ms640                               INTEGER(0..639),
        ms1024                              INTEGER(0..1023),
        ms1280                              INTEGER(0..1279),
        ms2048                              INTEGER(0..2047),
        ms2560                              INTEGER(0..2559),
        ms5120                              INTEGER(0..5119),
        ms10240                             INTEGER(0..10239)
    },
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED  {
                                                ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,
                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,
                                                spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
        drx-ShortCycleTimer                 INTEGER (1..16)
    }                                                                                                           OPTIONAL,   -- Need R
    drx-SlotOffset                      INTEGER (0..31)
}
 
-- TAG-DRX-CONFIG-STOP
-- ASN1STOP
 

	DRX-Config field descriptions

	drx-HARQ-RTT-TimerDL
Value in number of symbols of the BWP where the transport block was received.

	drx-HARQ-RTT-TimerUL
Value in number of symbols of the BWP where the transport block was transmitted.

	drx-InactivityTimer
Value in multiple integers of 1 ms. ms0 corresponds to 0, ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-LongCycleStartOffset
drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value.

	drx-onDurationTimer
Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on.

	drx-RetransmissionTimerDL
Value in number of slot lengths of the BWP where the transport block was received. value sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-RetransmissionTimerUL
Value in number of slot lengths of the BWP where the transport block was transmitted. sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-ShortCycleTimer
Value in multiples of drx-ShortCycle. A value of 1 corresponds to drx-ShortCycle, a value of 2 corresponds to 2 * drx-ShortCycle and so on.

	drx-ShortCycle
Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-SlotOffset
Value in 1/32 ms. Value 0 corresponds to 0 ms, value 1 corresponds to 1/32 ms, value 2 corresponds to 2/32 ms, and so on.


