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1. [bookmark: _Ref165266342]Introduction
This contribution would like to discuss the MUSIM gap configuration and open issues for the network switching procedures.
2. Discussion
0. Gap configuration for Scenarios
As agreed in RAN2#115-e meeting, RAN2 aims to support at least the below scenarios 1/2/3 in Rel-17 for cases when the UE is allowed to switch to network B without leaving connected state at network A. 
-	Scenarios 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighboring cell measurement including intra-frequency,inter-frequency and inter-RAT measurement;
-	Scenarios 2: SI receiving at network B;
-	Scenarios 3: Aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in NW B (e.g. no RRC connection Resume/Setup), including On-demand SI request;
We will discuss the gap configuration and activation for MUSIM purpose per scenarios. Network B can either be LTE or NR. We will mainly focus on the NR scenarios. 
0. Scenarios 1: Periodic switching
In Scenarios 1, UE performs periodic switching to Network B, executes activities including SSB detection/paging reception, serving cell measurement, neighboring cell measurement including intra-frequency,inter-frequency and inter-RAT measurement etc. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The UE usually performs SSB detection/serving cell measurement and paging reception in each DRX cycle on Network B. Before paging reception, UE monitors one or multiple SSB bursts before PO for pre-synchronization. The neighboring cell measurements is triggered in low SINR case. We can observe that two periodic gaps are required, one periodic gap is used for paging reception, another periodic gap is used for measurements, such as SSB detection/serving cell measurement and neighbor cell measurements. As shown in Figure 1 as an example, Gap1 is used for paging reception. Gap2 is used for measurements.
Observation 1: Up to two periodic gaps are applied for periodic switching, one for paging reception, another for measurements.



Figure 1 Periodic Gaps for Paging reception and Measurements 
We would like to discuss the gap requirement for each activities separately:
Paging reception
The gap length for paging reception mainly depends on the duration for PO(Paging Occasion). Each PO includes SSB number of PDCCH monitoring occasions. pagingSearchSpace configures the PDCCH monitoring occasions for paging. We take the pagingSearchSpace configuration for paging in the real field as an example: 
· monitoringSlotPeriodicityAndOffset: 1 slot;
· monitoringSymbolsWithinSlot: 10000000 000000; 
· Number of Symbols: 1 OFDM symbol

Figure 2 is an illustration of PDCCH monitoring occasions for paging based on above pagingSearchSpace configuration. In the example, SCS = 30KHz, the number of slots in radio frame is 20, SSB number is 8. Then, the duration of PO is 4ms. The paging message shall be transmitted in the same or next slot of the corresponding PDCCH monitoring occasion.



Figure 2 Paging reception
In the above example, the duration for each paging reception is 4ms. Furthermore, UE receives paging in each DRX cycle, which is in range of {320,640,1280,2560} ms, the typical DRX cycle in real field is 1280ms. We can observe that some legacy measurement gap patterns are applicable for paging reception. E.g. Gap pattern #5, measurement gap length (MGL) is 6ms, which covers the duration for paging reception and RF transition time. The measurement gap repetition period(MGRP) is 160ms, which can cover the DRX cycle{320,640,1280,2560}. The legacy gap patterns [Annex 1] with MGL>=5.5ms are applicable for paging reception, listed in Table 1. Furthermore, Gap patterns #5, #15, #25 are preferred for better gap efficiency.
Table 1 Applicable legacy Gap Pattern for Paging reception
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	4
	6
	20

	5
	6
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	24
	10
	80

	25
	20
	160



Proposal 1: Existing measurement gap patterns(#0,1,4,5,12-15,24,25) can be applied for paging reception in another network. Gap patterns #5, #15, #25 are preferred for paging reception.
However, the measurement gap repetition period of 160ms does not exactly match with the DRX cycle, of which some gap occurrences may be wasted. For better gap efficiency, new gap repetition period of {320,640,1280,2560}ms can be introduced. Hence, we propose to introduce new gap pattern with repetition period {320,640,1280,2560} ms for paging reception. In this way, UE determines the desired gap pattern according to the DRX cycle on Network B, and requires the exactly matched periodic gaps towards Network A.
Proposal 2: Introduce new measurement gap pattern with repetition period {320,640,1280,2560} ms for paging reception in another network.

Measurements
As shown in Figure 1, UE monitors SSB bursts for serving cell measurements and possible intra-freq, inter-freq/RAT measurements on Network B. Since existing measurement gap configured by network A can be used to perform measurement frequencies belonging to network A, we see no difficulty for UE to use the measurement gap configured by network A to perform measurement on frequencies belonging to network B.
For serving cell measurement, one or multiple gaps are needed for receiving SSB burst before paging reception, these gaps are repeated according to SSB period. For neighbour frequency measurements, several gaps may be needed for intra-freq, inter-freq/RAT measurements. More gaps are needed in case of multiple frequency layers.
Therefore, one periodic gap can be applied for SSB detection/serving cell measurement and neighboring cell measurements including intra-frequency, inter-frequency etc.
Proposal 3: Existing gap pattern is applicable for measurements.

0. Scenarios 2: SI receiving at Network B
UE receives system information at Network B, including MIB, SIB1, and SIB2/3/4/5 etc.
MIB/SIB
The interruption requirements of CGI identification of an NR cell with autonomous gaps has been defined introduced in Rel-16[2],as shown in Annex 2. When reading MIB/SIB1 of the network B, the requirement (either the total time for detection or the gap length and number) could be based on MIB/SIB1 detection requirements in CGI identification with autonomous gaps. From the interruption requirements, the gap length for reading MIB/SIB1 of the network B is <= 6ms, <=7ms and <=6ms for MIB, SIB1 multiplexing patterns 1 and SIB1 multiplexing patterns 2/3 respectively. 
UE receives MIB on PBCH, which is packaged in the SSB. UE may receive several SSB samples to decode MIB. As discussed in scenario 1, legacy Rel-15 measurement gaps can be applied for measurements on Network B, the MIB detection can be fulfilled by using legacy gap pattern#0-23. For example, the typical value of gap repetition for the MIB receiving is 20ms, gap pattern #4(MGRP=20ms, MGL=6ms) is applicable.
Proposal 4: Periodic gap for measurements(legacy gap pattern #0-23) is applied for MIB receiving.
After successful MIB decoding, UE continues to receive SIB1. The interruption requirement for SIB1 detection multiplexing patterns 1 is no more than 7ms when SCS is 15KHz, which exceeds the maximum 6ms MGL among gap pattern #0 -23. Considering the interruption requirement contains enough time margin for UE processing and RF tuning, which may be more than the actual required time, we think the 6ms gap is still applicable for SIB1 receiving. Alternatively, 10ms or 20ms MGL in gap pattern #24-25 can be considered to be used for SIB1 reading of network B.
[bookmark: _GoBack]Refer to TS 38.213[3] Tables 13-11 and 13-12, copied in Annex 3, Figure 3 takes Table 13-11 index=6 as an example, where SSB SCS and PDCCH SCS is 15kHz, Number of search space sets per slot is 1. The measurement gap with MGL=6ms can cover the SIB1 slots(max.2ms) with some margin and RF transition time in most scenarios.


Figure 3 SIB1 receiving
SIB1 is transmitted on the DL-SCH with a periodicity of 160 ms. The default transmission repetition periodicity of SIB1 is 20 ms but the actual transmission repetition periodicity is up to network implementation. For SSB and CORESET multiplexing pattern 1, SIB1 repetition transmission period is 20 ms. For SSB and CORESET multiplexing pattern 2/3, SIB1 transmission repetition period is the same as the SSB period. Therefore, periodic gap with 6ms MGL is applicable for receiving SIB1 at network B.
Proposal 5: [bookmark: _Hlk85649219]Periodic gap with 6ms MGL is configured for receiving SIB1 at network B. 

Other SIBs
The scheduling information of other SIBs, e.g. SIB2/3/4/5, is configured in si-SchedulingInfo IE in SIB1. si-WindowLength tells that SIBs should be transmitted somewhere within the window length. UE acquires SI message, from the start of the SI-window and continue until the end of the SI-window, or until the SI message was received. SI window length is in range of {s5, s10, s20, s40, s80, s160, s320, s640, s1280} Slots. For default association, SI window length should be same as SS burst set period, which is of {5, 10, 20, 40, 80, 160} ms. We can observe that the si-WindowLength for receiving other SIBs at Network B may exceed the longest MGL of existing gap pattern, i.e. 20ms
Observation 2: The si-WindowLength for receiving other SIBs at Network B may exceed the longest MGL of existing gap pattern (i.e.20ms)
Regarding the aperiodic gap for receiving other SIBs on Network B, the legacy Rel-15 gap length reaches 20ms, it’s possible to cover the short duration such as 5, 10, 20ms, however, except the long duration such as 40, 80, 160 ms. Considering other SIBs are not essential and urgent for camping, and Network broadcasts the other SIBs periodically, to avoid the significant impact to Network A due to the long gap requirement, UE may use the existing gaps to receive other SIBs with best effort, such as several aperiodic gaps with 20ms MGL, or DRX off duration if DRX cycle is used in RRC CONNECTED state.
Proposal 6: UE uses existing gap patterns or the configured gaps to receive other SIBs on network B with best effort.

0. Scenarios 3: Aperiodic (one-shot) switching 
In scenarios 3, we consider the gap requirement for aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state (e.g. no RRC connection Resume/Setup) at network B, including On-demand SI request. Hence, we would like to evaluate the duration for the aperiodic (one-shot) switching. Figure 7 provides an example of control plane flow for On-demand SI request.
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6. RRC SystemInfo Request
8. acknowledgement

Figure 7 On-demand SI Request (example for CP latency)
In [4, TR37.910], shows in Annex 4, for NR Rel-15, control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state. It is observed that NR fulfills the control plane latency requirement of 20ms in a wide range of configurations. Comparing with RRC resume procedure, On-demand SI request needs fewer steps, such as not receiving RRC Resume message and transiting RRC Resume Complete message. We can observe that the Control plan latency of On-demand SI request is likely under 20ms.
Observation 3: For aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in Network B, the duration is likely no more than the longest MGL of existing gap pattern(i.e.20ms).
Aperiodic gap can be used for scenario 3. Aperiodic gap of 20ms should be enough to cover the aperiodic (one-shot) switching. 
Proposal 7: Existing aperiodic gap pattern can be configured for aperiodic (one-shot) switching. gap length is 20ms.

0. Switching signaling details
Based on the agreement on RAN2#115-e meeting, we can have the below network switching flow as shown in Figure 8.


Figure 8 Network Switching
Here, we would like to discuss on remaining details for the switching signaling. 
1. MUSIM Assistance Configuration
UE is configured to provide assistance info for switching notification via otherConfig of RRCReconfiguration message. Assistance info for switching notification covers both network switching procedures for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state.
Regarding the network switching procedures for leaving RRC_CONNECTED state, a new RRC timer for the “configured time” can be configured, used for UE to leave RRC_CONNECTED without a response. Similar with the assistance configuration for the power saving and overheating features, the presence of assistance configuration for network switching procedures can be used to indicate whether UE can initiate the switching procedures. If the configuration for the “configured time” is present, switching notification for leaving RRC_CONNECTED state is allowed.
Proposal 8: If the “configured time” is configured, UE is required to send switching notification for leaving RRC_CONNECTED state before leaving network A.
There is an open issue that whether it's possible to configure UE to always wait for the network response (e.g. "infinite" waiting time)”. as we know, the “configured time” is introduced for the UE to leave RRC_CONNECTED without a response from Network, for example, UE has an incoming voice call on network B while a data service on network A is ongoing, UE shall switch to network B for the high priority service (i.e. voice call) as soon as possible. Therefore a long latency of switching notification procedure is not acceptable from UE perspective. In this case, "infinite" waiting time will harm user preference. Therefore, a suitable waiting time, no matter it is as shorter as possible, or it is long enough to cover the worst case of network response, is better than an "infinite" waiting time. hence, we propose that:
Proposal 9: Do not configure UE to always wait for the network response (e.g. “infinite” is not defined for configured time).

Regarding the network switching procedures for without leaving RRC_CONNECTED state, MUSIM Assistance Configuration is also needed. As we have designed for legacy assistance info reporting, a prohibit timer is used to avoid the frequent sending of assistance info, and the UE can only send an assistance info if the prohibit timer is not running, even the assistance info is modified. However, MUSIM UE may have to report the gap preference for paging reception as soon as possible after reselection. The prohibit timer may lead to paging missing due to the delay caused by a long prohibit timer. Therefore, we propose that no prohibit timer is used for MUSM assistance info. And, UE is not allowed to report the repeated MUSM assistance info.
Proposal 10: UE is not allowed to resend the previous switching notification in the same serving cell even the previous one is not responded by the network.
Proposal 11: No prohibit timer is used for switching notification message sending.

2. Gap configuration assistance information
It’s agreed that “UE is allowed to include assistance information for setup or release of gaps for both 1) periodic gaps and 2) aperiodic gap in one UEAssistanceInformation Msg.” there are still some detailed signaling issues.
Firstly, we already agreed that “For the gap assistance information, the Gap start time, Duration of the gap, and gap repetition period (for periodic) may be included.” And “The switching gap configuration will explicitly provide the gap starting position (e.g. offset value or start SFN and subframe explicitly), gap length and gap repetition period.” The main difference between periodic and aperiodic gaps is the gap starting position and gap repetition period: gap repetition period and offset value for periodic gaps, start SFN and subframe for aperiodic gaps. It means, the Gap start time parameter is offset value for periodic gaps, but start SFN and subframe for aperiodic gaps. Regarding the definition of gap parameters, we propose to follow the legacy style, i.e. use GapRepetitionAndOffset for periodic gaps, and use Starting-SFN-AndSubframe for aperiodic gaps. Below ASN.1 is for example.
	MUSIM-GapInfo-r17 ::=          SEQUENCE {
    musim-Starting-SFN-AndSubframe-r17     MUSIM-Starting-SFN-AndSubframe-r17    OPTIONAL, -- Cond aperiodic
    musim-GapLength-r17                    ENUMERATED { ms4, ms5dot5, ms6, ms10, ms20}, 
    musim-GapRepetitionAndOffset-r17       CHOICE {
        ms20-r16                            INTEGER (0..19),
        ms40-r16                            INTEGER (0..39),
        ms80-r16                            INTEGER (0..79),
        ms160-r16                           INTEGER (0..159),
        ...
    }       OPTIONAL -- Cond periodic
}

MUSIM-Starting-SFN-AndSubframe-r17 ::=            SEQUENCE {
    starting-SFN-r17        INTEGER (0..1023),
    startingSubframe-r17    INTEGER (0..9)
}



In this way, we can guarantee the offset value in the scope of gap repetition period. And, the offset value only needs one integer field for periodic gaps. but, the start SFN and subframe takes at least two integer fields. If we use a common parameter “Gap start time”, we will have to use at least two integer fields for periodic gaps, which may cause an unnecessary increment of message size.
Proposal 12: UE provides Gap Repetition And Offset for periodic gaps in the gap assistance information， provides start SFN and subframe for aperiodic gaps in the gap assistance information.

Secondly, regarding the open issue “FFS is other information is included (e.g. gap purpose).”, we think it’s essential that Network A shall be aware of the gap purpose for MUSIM. Then the network A can adopt the appropriate strategy to handle the MUSIM gap preference. The question is how to indicate the gap purpose?  There are some options, for example, we can define exclusive IE for MUSM gap preference. Or, we can include a gap purpose parameter in the gap preference. A gap preference with a gap purpose parameter may be future proof, but different service may have different gap preference. We don't think it’s necessary to define the common gap preference now, and spend one field for the gap purpose parameter. Hence, we propose to define dedicated IE for MUSIM gap preference.
Proposal 13: Define exclusive IE for MUSM gap preference in the gap assistance information. Other information is not included (e.g. gap purpose parameter).

Thirdly, how shall UE provide assistance information for release of gaps? UE may need to release one gap but keep other gaps. For example, UE provides gap preference to Network A, and Network A assigns two periodic gaps, one gap for paging reception, another gap for measurements. If the gap for paging reception can cover the serving cell measurement(assuming the SSB burst is near to PO), then another gap is mainly for neighbor cell measurements and can be released when neighbor cell measurements are not initiated. In this case, a simple method is to provide gap index in gap configuration by Network, then UE can use the gap index to release the gap. 
Proposal 14: Gap index is provided in gap configuration. UE uses the gap index to release the gap

3. Gap configuration
It was agreed that “Only per UE level scheduling gap is supported in Rel-17 for non-DC. FFS if we support MR-DC.”
The open question is MUSIM gap support for MR-DC. The collision of UE resources may be specific to MCG or SCG only. If only per UE level scheduling gap is supported, both MN and SN will be impacted due to the gap assignment to UE. However, if per FR gap or per CG gap is supported, UE has the capability to communicate with Network A while monitoring paging in Network B. Hence, per FR gap or per CG gap should be configured if applicable to minimize the impact to user experience in Network A.
Proposal 15: Per FR or per CG gap is supported in Rel-17 for MR-DC

4. Indicator for Leaving RRC_CONNECTED
UE can indicate it wants to leave RRC_CONNECTED in assistance information for MUSIM via the UEAssistanceInformation message. In the RAN2#115e meeting, we have discussed whether UE can indicate its preferred RRC State in assistance information, but the details is not concluded. preferredRRC-State-r16 includes RRC_IDLE, RRC_INACTIVE, RRC_CONNECTED,outOfConnected. Regarding the details for the indicator for leaving RRC_CONNECTED, there are below options.
· Option 1: preferred RRC State “outOfConnected”
· Option 2: preferred RRC State “RRC_IDLE, RRC_INACTIVE”
· Option 3: a Leaving Indicator, which is set to “TRUE” when leaving RRC_CONNECTED
Firstly we prefer to reuse part of the existing signalling preferredRRC-State, which is very easy to understand. Secondly, considering it’s Network’s decision to configure UE to enter RRC_IDLE or RRC_INACTIVE, it’s enough for UE to indicate its desire to leave RRC_CONNECTED state. In a word, option 1 is simple and enough.
Proposal 16: [bookmark: _Hlk85649430]UE can indicate its preferred RRC State “outOfConnected” in assistance information for MUSIM

Possibility of "early return"
In the email discussion [Post114-e][242], companies discussed whether early return is allowed during switching procedure without leaving RRC_CONNECTED state. Conclusion is not achieved yet. 
In our understanding, This early return may be useful, depending on the max gap to be considered. It is difficult for UE to decide the exact length for aperiodic switching. the UE will likely have to request the gap duration for the worst case. The assigned gap is usually longer than required, UE can early return to network A before the gap expires. Otherwise, the wastage of the remained gap will do harm to data throughput. The signaling for early return can be the same RRC message as the request message e.g UEAssistanceInformation message , SR or RA, or lower layers signaling. Then we propose to support early return during switching procedure without leaving RRC_CONNECTED state.
Proposal 17: Early return is allowed during switching procedure without leaving RRC_CONNECTED state

0. Impacts on Network A due to Switching to Network B
In email discussion [8], some companies mentioned the issue concerning the potential impact of switching to network B on ongoing UE procedures in network A, such as RLM/BFD/BFR, mobility scenarios, etc. More specifically, e.g:
· If UE performs switching to network B regardless the radio link status on network A, e.g. T310 or T312 is running, but UE cannot keep monitoring the radio link. Finally, it may result in radio link failure on network A during the switching. 
· In case UE has been configured with CA, there are also some timer to control Scell or BWP state, if UE switches to network B, the ongoing timer will be expired. Unnecessary deactivation of Scell or BWP switching will happen.

Observation 4: UE’s ongoing procedures may be impacted by switching to network B without leaving connected state in network A, such as RLM, handover, etc.
To avoid the impact to the connection on network A caused by switching, mitigation should be investigated. E.g. even has been configured with multi-SIM gaps for switching without leaving connected state, UE is allowed to ignore the multi-SIM gaps in case of critical scenarios, e.g. T310 or T312 is running, to continue monitoring radio link on network A to avoid RLF. 
it is better to suspend some timers of Scell and BWP to avoid unnecessary deactivation of Scell or BWP switching.
Proposal 18: RAN2 to consider allowing UE to ignore multi-SIM gap for some critical scenarios, e.g. T310 or T312 running and suspend some timers of Scell and BWP to avoid unnecessary deactivation of Scell or BWP switching.
3. Conclusions
In this contribution, we discussed the open issues for UE notification on network switching for multi-SIM. Based on the discussion, we have the following observation and proposals:
Scenario 1:
Observation 1: Up to two periodic gaps are applied for periodic switching, one for paging reception, another for measurements.
Proposal 1: Existing measurement gap patterns(#0,1,4,5,12-15,24,25) can be applied for paging reception in another network. Gap patterns #5, #15, #25 are preferred for paging reception.
Proposal 2: Introduce new measurement gap pattern with repetition period {320,640,1280,2560} ms for paging reception in another network.
Proposal 3: Existing gap pattern is applicable for measurements.

Scenario 2:
Observation 2: The si-WindowLength for receiving other SIBs at Network B may exceed the longest MGL of existing gap pattern (i.e.20ms)
Proposal 4: Periodic gap for measurements(legacy gap pattern #0-23) is applied for MIB receiving.
Proposal 5: Periodic gap with 6ms MGL is configured for receiving SIB1 at network B.
Proposal 6: UE uses existing gap patterns or the configured gaps to receive other SIBs on network B with best effort.

Scenario 3:
Observation 3: For aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in Network B, the duration is likely no more than the longest MGL of existing gap pattern(i.e.20ms).
Proposal 7: Existing aperiodic gap pattern can be configured for aperiodic (one-shot) switching. gap length is 20ms.

Switching signaling details
Proposal 8: If the “configured time” is configured, UE is required to send switching notification for leaving RRC_CONNECTED state before leaving network A.
Proposal 9: Do not configure UE to always wait for the network response (e.g. “infinite” is not defined for configured time).
Proposal 10: UE is not allowed to resend the previous switching notification in the same serving cell even the previous one is not responded by the network.
Proposal 11: No prohibit timer is used for switching notification message sending.
Proposal 12: UE provides Gap Repetition And Offset for periodic gaps in the gap assistance information， provides start SFN and subframe for aperiodic gaps in the gap assistance information.
Proposal 13: Define exclusive IE for MUSM gap preference in the gap assistance information. Other information is not included (e.g. gap purpose parameter).
Proposal 14: Gap index is provided in gap configuration. UE uses the gap index to release the gap
Proposal 15: Per FR or per CG gap is supported in Rel-17 for MR-DC
Proposal 16: UE can indicate its preferred RRC State “outOfConnected” in assistance information for MUSIM
Proposal 17: Early return is allowed during switching procedure without leaving RRC_CONNECTED state
Impacts on Network A
Observation 4: UE’s ongoing procedures may be impacted by switching to network B without leaving connected state in network A, such as RLM, handover, etc.
Proposal 18: RAN2 to consider allowing UE to ignore multi-SIM gap for some critical scenarios, e.g. T310 or T312 running and suspend some timers of Scell and BWP to avoid unnecessary deactivation of Scell or BWP switching.
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Annex 1	Measurement gap
TS38.133 sec9.1.2:
UEs shall support the measurement gap patterns listed in Table 9.1.2-1 based on the applicability specified in table 9.1.2-2 and 9.1.2-3. UE determines measurement gap timing based on gap offset configuration and measurement gap timing advance configuration provided by higher layer signaling as specified in TS 38.331 and TS 36.331.
Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE or NR-E-UTRA dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement PurposeNote 5
	Applicable Gap Pattern Id

	Per-UE 
	E-UTRA + FR1, or
	non-NR RAT Note1,2 
	0,1,2,3

	Measurement gap
	E-UTRA + FR2, or E-UTRA + FR1 + FR2
	FR1 and/or FR2 
	0-11, 24, 25

	
	
	non-NR RATNote1,2 and FR1 and/or FR2
	0, 1, 2, 3, 4, 6, 7, 8,10, 24, 25

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2
	0,1,2,3


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement gap
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	Note:	In E-UTRA-NR dual connectivity mode, if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitored, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap. In NR-E-UTRA dual connectivity mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 1:	In E-UTRA-NR dual connectivity mode, non-NR RAT includes E-UTRA, UTRA and/or GSM. In NR-E-UTRA dual connectivity mode, non-NR RAT means E-UTRA, and UTRA for SRVCC.
NOTE 2:	Void
NOTE 3:	When E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used. 
[bookmark: _Hlk42030963]NOTE 4:	For UE only supporting supportedGapPattern-NRonly for any gap patterns among GP2-11, the corresponding gap patterns are not applicable to any measurement in this table. For UE supporting supportedGapPattern-NRonly-NEDC or measGapPatterns-NRonly-ENDC-r16 but not supporting supportedGapPattern for the corresponding gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 1.
NOTE 5:	Inclusion of positioning measurements: Measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID; measurement purpose which includes any of FR1 and FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements. 
NOTE 6:	Measurement gap patterns #24 and #25 can be requested only when the UE is configured at least with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period



In E-UTRA-NR dual connectivity mode, 
-	if per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.
-	if per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.
-	if per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among SCG serving cells subframes in FR2.
In NR-E-UTRA dual connectivity mode, 
-	if per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.
-	if per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE has NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR1.
-	if per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE doesn’t have NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among SCG serving cells subframes.
-	if per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR2.
In NR-NR dual connectivity mode, 
-	If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest MCG subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.
-	If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest MCG subframe occurring immediately before the configured measurement gap among MCG serving cells subframes. 
-	If per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest SCG subframe occurring immediately before the configured measurement gap among SCG serving cells subframes in FR2.
TMG is the MG timing advance value provided in mgta according to TS38.331. 
In determining the measurement gap starting point, UE shall use the DL timing of the latest E-UTRA or NR subframe occurring immediately before the configured measurement gap among E-UTRA or NR serving cells.
For per-FR measurement gap capable UE configured with E-UTRA-NR dual connectivity or NR-E-UTRA dual connectivity, when serving cells are in E-UTRA and FR1, measurement objects are in both E-UTRA/FR1 and FR2,
-	If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN;
-	If MN indicates UE that the measurement gap from MN applies to only LTE/FR1 serving cell(s),
-	UE fulfils the measurement requirements for FR1/LTE measurement objects based on the configured measurement gap pattern;
-	UE fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms;
For per-FR measurement gap capable configured with E-UTRA-NR dual connectivity, NR-E-UTRA dual connectivity or NR-NR dual connectivity, when serving cells are in E-UTRA, FR1 and FR2, or in E-UTRA and FR2, or in FR1 and FR2, measurement objects are in both E-UTRA /FR1 and FR2,
-	If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN.
Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone operation (with single carrier, NR CA and NR-DC configuration)
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	
	FR1 NOTE5, or
FR1 + FR2
	non-NR RAT NOTE3,6
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6
	0, 1, 2, 3, 4, 6, 7, 8,10, 24, 25

	Per-UE measurement 
	FR2 NOTE5
	non-NR RAT only 
NOTE3,6
	0,1,2,3

	gap
	
	FR1 only
	0-11, 24, 25

	
	
	FR1 and FR2 
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6
	0, 1, 2, 3, 4, 6, 7, 8,10, 24, 25

	
	
	FR2 only
	12-23

	
	FR1 if configured
	non-NR RAT only 
	0,1,2,3

	
	FR2 if configured
	NOTE3,6
	No gap 

	
	FR1 if configured
	FR1 only 
	0-11

	
	FR2 if configured
	
	No gap

	
	FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement 
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	gap
	FR2 if configured
	FR1 NOTE3,6
	No gap

	
	FR1 if configured
	FR1 and FR2
	0-11

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR2 NOTE3,6
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR1 and FR2 NOTE3,6
	12-23

	NOTE 1:	When E-UTRA inter-RAT RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE 2:	Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-UTRA RSRP and RSRQ measurements for E-CID; measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID; measurement purpose which includes any of FR1 or FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements.
NOTE 3:	Void
NOTE4:	If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among all serving cells subframes.
	If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1.
	If per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.
	TMG is the MG timing advance value provided in mgta according to [2].
	In determining the measurement gap starting point, UE shall use the DL timing of the latest subframe occurring immediately before the configured measurement gap among serving cells.
NOTE 5:	NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2. 
NOTE 6:	In NR single carrier, NR CA, and NR-DC mode, non-NR RAT means E-UTRA, and UTRA for SRVCC. In NR single carrier, NR CA, and NR-DC mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
[bookmark: _Hlk42031185]NOTE 7:	For UE only supporting supportedGapPattern-NRonly for any gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 6.
NOTE 8:	Measurement gap patterns #24 and #25 can be requested [2] only when the UE is configured with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period.



Annex 2 CGI identification
TR38.133 
8.2.2.2.14	 Interruptions when identifying CGI of an NR cell with autonomous gaps
When a UE is identifying CGI of an NR cell with autonomous gaps, the UE is allowed interruptions on PCell or any activated SCell:
-	with up to K1 interruptions with interrupted slots up to interruption length X1 specified in Table 8.2.2.2.14-1 for each interruption during MIB decoding time period TMIB (ms) specified in clause 9.11.
-	with up to L1 interruptions with interrupted slots up to interruption length Y1 specified in Table 8.2.2.2.14-1 during SIB1 decoding time period TSIB1 (ms) specified in clause 9.11 for SSB and CORESET for RMSI scheduling multiplexing patterns 1.
-	with up to L2 interruptions with interrupted slots up to interruption length Y2 specified in Table 8.2.2.2.14-1 during SIB1 decoding time period TSIB1 (ms) specified in clause 9.11 for SSB and CORESET for RMSI scheduling multiplexing patterns 2 and 3.
Where:
-	K1 = 6 for the target cell carrier frequency on FR1 and K1 = 25 for the target cell carrier frequency on FR2, and
-	L1 = TSIB1/20, and
-	L2 = TSIB1/TSMTC, where TSMTC is the periodicity of the SMTC occasion configured for the target cell carrier .
Table 8.2.2.2.14-1: Interruption length X1, Y1 and Y2 during measurements with autonomous gaps
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X1 (slots)
	Interruption length Y1 (slots)
	Interruption length Y2 (slots)

	0
	1
	6
	7
	6

	1
	0.5
	12 
	13
	10

	2
	0.25
	24
	25
	19

	3
	0.125
	48 
	49
	37



9.11.2	CGI identification of an NR cell with autonomous gaps 
The UE shall identify and report the CGI of a known NR target cell when requested by the network for the purpose of reportCGI. Only one cell is provided to the UE with cellForWhichToReportCGI for identifying the CGI.The UE may make autonomous gaps in both downlink reception and uplink transmission for receiving MIB and SIB1 message according to clause 5.5.3 of TS 38.331 [2]. Note that a UE is not required to use autonomous gap if useAutonomousGaps is set to false. If autonomous gaps are used for measurement with the purpose of reportCGI, regardless of whether DRX is used or not, or whether SCell(s) are configured or not, the UE shall be able to identify a new CGI of NR cell within:
	Tidentify_CGI = (TMIB + T SIB1) ms
Where:
	TMIB is the time period used to acquire MIB message. TMIB = 6 * TSMTC ms for target cell carrier frequency on FR1 and TMIB = 25 * TSMTC ms for target cell carrier frequency on FR2.
	TSIB1 is the time period used to acquire SIB1 message. TSIB1 = 6 * TRMSI-scheduling ms.
	Where TRMSI-scheduling is the periodicity with which the SIB1 is actually transmitted by the NR target cell.
The requirement for identifying the CGI of an NR cell within Tidentify_CGI is applicable when no DRX is used as well as when any of the DRX cycles specified in TS 38.331 [2] is used.
Within the time Tidentify_CGI, over which the UE identifies the CGI of an NR cell, the UE shall fulfil interruption requirements specified in,
-	Clause 8.2.1.2.16 for NR serving cells and Clause 7.32.2.15 in TS36.133 [15] for E-UTRA serving cells if the UE is configured with EN-DC operation mode,
-	Clause 8.2.2.2.14 if the UE is configured with SA operation mode,
-	Clause 8.2.3.2.14 for NR serving cells and Clause 7.36.2.14 in TS36.133 [15] for E-UTRA serving cells if the UE is configured with NE-DC operation mode,
-	Clause 8.2.4.2.11 if the UE is configured with NR-DC operation mode.

Annex 3 UE procedure for monitoring Type0-PDCCH CSS sets
TS38.213 sec13:
Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2



Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR2
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	6
	0
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	7
	2.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	8
	5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	9
	7.5
	1
	1
	 0

	10
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {7, if [image: ] is odd}

	11
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved



Annex 4 Control plane latency
[bookmark: _Toc21288733]TR37.910 sec5.7.2
For NR Rel-15, control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state. Figure 5.7.2.1-1 provides an example control plane flow for NR Rel-15.
[image: ]
Figure 5.7.2.1-1 C-plane procedure (example for NR Rel-15)
The detailed assumption of each step as shown in Figure 5.7.2.1-1 is provided in Table 5.7.2.1-1. The evaluation is for UL data transfer. It is understood that the evaluation results for DL data transfer can be further reduced because UE processing delay in Step 9 for DL data transfer does not need to handle UL grant receiving, and therefore can be reduced compared to the case of UL data transfer.
NOTE: The delay values shown below do not include the waiting time for DL/UL subframe. It is only gNB or UE processing delay. The waiting time will be calculated and it depends on the detailed DL/UL configuration.
Table 5.7.2.1-1 Assumption of C-plane procedure for NR
	Step
	Description
	CP Latency for UL data transfer 
[ms]

	1
	Delay due to RACH scheduling period (1TTI)
	0

	2
	Transmission of RACH Preamble
	Length of the preamble according to the PRACH format as specified in [6  38.211] 

	3
	Preamble detection and processing in gNB
	
	Tproc,2 (assuming d2,1=0) 

	4
	Transmission of RA response
	Ts (the length of 1 slot / non-slot)
NOTE: the length of 1 slot or 1 non-slot include PDCCH and PDSCH (the first OFDM symbol of PDSCH is frequency multiplexed with PDCCH).

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Resume Request)
	 NT,1+NT,2+0.5 ms

	6
	Transmission of RRC Resume Request
	Ts (the length of 1 slot / non-slot)
NOTE: the length of 1 slot or 1 non-slot is equal to PUSCH allocation length.

	7
	Processing delay in gNB (L2 and RRC)
	3

	8
	Transmission of RRC Resume
	Ts (the length of 1 slot / non-slot)

	9
	Processing delay in UE of RRC Resume including grant reception
	7

	10
	Transmission of RRC Resume Complete and UP data 
	0

	Notes:
1.	For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
2.	For step 3, the value of Tproc,2  is used only for evaluation. gNB processing delay may vary depending on implementation.
3.	For step 5, the latency of NT,1+NT,2+0.5ms is used according to Section 8.3 of TS 38.213. NT,1 is a time duration of N1 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured; and NT,2 is a time duration of N2 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1. The value of N1 and N2 are shown in Table 5.3-1 and Table 6.4-1 of TS38.214, respectively..
4.	For step 7, the processing delay in gNB (L2 and RRC) has been reduced to 3 ms. The delays due to inside-gNB or inter-gNB communication are not included in Step 7. Such delays may exist depending on deployment, but are not within the scope of this evaluation. 
5.	For step 9 for UL data transfer, the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of UL grant. The transmission of UL grant by gNB and processing delay in the UE (processing of UL grant and preparing for UL tx) are also considered. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
6.	For step 10, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
7.	For the case of a TDD band (30 kHz SCS) with an SUL band (15 kHz SCS), the sub-carrier spacing of 15 kHz that results in larger delay is used in evaluating the latency for Step 3 and 5.
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