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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our view on multiple concurrent and independent MG patterns for MG enhancements. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In RAN#89e meeting, Rel-17 New WI of NR measurement gap enhancements was approved with following three objectives.  
· (1) Pre-configured MG pattern(s) per configured BWP (fast MG configuration)
· (2) Multiple concurrent and independent MG patterns
· (3) Network Controlled Small Gap (NCSG)
Among them, we would like to discuss (2) objective of multiple concurrent and independent MG patterns. The objective is copied as follows.
	(2) Multiple concurrent and independent MG patterns [RAN4, RAN2]
•  RRM requirements for concurrent and independent MG patterns [RAN4] 
o	Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
o	Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 
o	Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
o	Define the corresponding measurement requirements
•  Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
•  Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
o	Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input



So far, two type of MG was defined such as per-UE MG and per-FR MG for NR UE. MG pattern ID#0~#25 was specified in Rel-16.  Each MG pattern ID consisted of MGL(Measurement Gap Length) and MGRP(Measurement Gap Reception Period) as seen in Table 9.1.2-1 in TS38.133. Applicability of the MG pattern ID was specified  with Table 9.1.2-2 and Table 9.1.2-3 in Rel-16. Table 2.1, Table 2.2 and Table 2.3 are copied with Table 9.1.2-1, Table 9.1.2-2 and Table 9.1.2-3 in TS38.133 respectively.
Table 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 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. 
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 [2] 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



Table 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.



In Table 2.1, MG pattern ID #0~#11 was defined for NR FR1 measurements and MG pattern ID #12~#23 was defined for NR FR2 measurements.  Generally, for UE capable of per-UE MG, MG pattern ID #0~#11 is applicable. On the other hand, for UE capable of per-FR MG, MG pattern ID #0~#23 is applicable. 
Regarding UE capability and applicability of the MG pattern ID, network must provide either a single per-UE MG pattern or per-FR MG patterns if UE requires MGs to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells. 
To perform NR measurement using MG, following conditions should be met.
· SMTC window duration is located within MGL.
· SSB blocks of target Cell is located within SMTC window duration.
Here, SMTC periodicity can be different from MG periodicity. And SSB periodicity of target Cell can be different from SMTC periodicity.
The conditions are restrictions to network and UE for configuration of MG and SMTC.
If multiple target Cells to be measured have different time offset for each SSB blocks, it is impossible for UE to measure the whole target Cells because SMTC configurations are only supported with same SMTC offset in Rel-16. Even though SMTC configurations are supported with different SMTC offset, it is also impossible for UE to measure on the whole target Cells if UE supports only a single MG pattern with fixed MG offset. For SMTC configuration, parameter of ‘periodicityAndOffset’ is defined for periodicity and offset which is defined in TS38.331.
If UE can support multiple MGs with different MG offset, UE can measure on the whole target Cells. Multiple MG patterns can consist of same/different MG pattern IDs with different MG offset. 
Figure 2.1 shows one example for multiple MG patterns with {MG_1 and MG_2} or {MG_1 and MG_3}. {MG_1 and MG_2} have same MG pattern ID with different MG offset. And {MG_1 and MG_3} have different MG pattern ID with different MG offset. UE can measure target Cells of f1 and f2 with multiple MG patterns with {MG_1 and MG_2} or {MG_1 and MG_3}. MG_1 can be used to measure target Cell1 of f1, and MG_2 or MG_3 can be used to measure target Cell2 of f2.


Figure 2.1: Example1 for multiple MG patterns
Proposal 1: Consider multiple same MG pattern IDs with different MG offset and different MG pattern IDs with different MG offset for multiple MG patterns.

In addition, UE can also measure on the whole target Cells with a single MG with multiple MG offsets.
Figure 2.2 shows another example for a single MG patterns with MG_1 with multiple MG offsets. UE can measure target Cells of f1 and f2 with the MG pattern. MG_1 with MG offset1 can be used to measure target Cell1 of f1, and MG_1 with MG offset2 can be used to measure target Cell2 of f2.



Figure 2.2: Example2 for multiple MG patterns

Proposal 2: Consider single MG pattern ID with multiple MG offsets as multiple MG patterns.

For multiple MG patterns, UE capability for per-UE MG/per-FR MG and applicability of MG pattern ID should be considered. Our understanding is that the existing applicability of MG pattern ID should be kept for multiple MG patterns. In other words, multiple MG patterns can be defined by selecting among applicable MG pattern IDs in Table 2.2 and Table 2.3. Here, the multiple MG patterns need to be defined separately for FR1 and FR2 regarding UE RF architecture.
Proposal 3: For UE capable of per-UE MG, consider MG pattern ID #0~#11 for multiple MG patterns.
Proposal 4: For UE capable of per-FR MG, consider MG pattern ID #0~#11 for FR1 NR measurements and MG pattern ID #12~#23 for FR2 NR measurements for multiple MG patterns.
Proposal 5: In Proposal 3 and 4, consider the existing applicable MG pattern IDs in Table 2.2 and Table 2.3.

If SMTCs are configured with same SMTC window duration, MG pattern IDs with same MGL can be considered as multiple MG patterns. From Table 2.1, MG pattern IDs having same MGL are as follows.
· MGL of 6ms : MG pattern IDs #0, #1, #4, #5
· MGL of 4ms : MG pattern IDs #6, #7, #8, #9
· MGL of 3ms : MG pattern IDs #2, #3, #10, #11
· MGL of 5.5ms : MG pattern IDs #12, #13, #14, #15
· MGL of 3.5ms : MG pattern IDs #16, #17, #18, #19
· MGL of 1.5ms : MG pattern IDs #20, #21, #22, #23
Proposal 6: Consider MG pattern IDs having same MGL for multiple MG patterns, if SMTCs are configured with same SMTC window duration.

If multiple MG patterns are applied to UE, the UE is not required to transmit or receive data during MGL of the multiple MGs. It means performance degradation can occur higher than a single MG pattern. The performance degradation can be simply calculated with sum of ratio of  from configuration of each MG pattern ID. 
For example, multiple MG patterns are configured with MG ID #0 and MG ID #1, performance degradation is about 22.5% and it is 7.5% higher than that of single MG ID #0. If multiple MG patterns are configured with MG ID #0 and MG ID #5, performance degradation is about 18.75% and it is 3.75% higher than that of single MG ID #0. 
One way to reduce performance degradation due to multiple MG patterns is to deactivate added MG pattern IDs for multiple MG patterns after completion of measurements on corresponding target Cells. At least one MG pattern ID for per-UE MG or two MG pattern IDs for per-FR MG should be activated to keep legacy measurements and the MG pattern ID(s) can be considered as primary MG pattern ID(s). Other deactivated MG pattern IDs can be considered as secondary MG patterns. In the example of multiple MG patterns with MG ID #0 and MG ID #1, if MG ID #0 is primary MG pattern ID to perform legacy measurements, MG ID #1 can be activated or deactivated for multiple MG patterns as secondary MG pattern ID. 
Another way is to consider MG pattern ID with largest MGRP of 160ms as one of multiple MG pattern IDs. 
Proposal 7: Consider Primary MG pattern ID(s) and Secondary MG pattern ID(s) for multiple MG patterns.
Proposal 8: In Proposal 7, consider that Secondary MG pattern ID(s) can be activated or deactivated to reduce performance degradation due to multiple MG patterns.
Proposal 9: Consider MG pattern ID with largest MGRP of 160ms as one of multiple MG pattern IDsto reduce performance degradation due to multiple MG patterns.

One more discussion point is whether or not UE measurement capability of monitoring of multiple layers using MGs is impacted due to multiple MG patterns. Multiple MG patterns can be applied at any time. It means each MG can be overlapped fully or partially, or not overlapped. In UE aspects, UE can perform measurements with only one MG ID in case of MG overlapped fully or partially. In case of MG not overlapped, it is same as legacy measurements. As a result, there is no impact on UE measurement capability of monitoring.
Proposal 10: Keep the existing UE measurement capability of monitoring of multiple layers for multiple MG patterns.

Conclusion
In this contribution, we provided our views on multiple concurrent and independent MG patterns for MG enhancements. Proposals are as follows.

Proposal 1: Consider multiple same MG pattern IDs with different MG offset and different MG pattern IDs with different MG offset for multiple MG patterns.
Proposal 2: Consider single MG pattern ID with multiple MG offsets as multiple MG patterns.
Proposal 3: For UE capable of per-UE MG, consider MG pattern ID #0~#11 for multiple MG patterns.
Proposal 4: For UE capable of per-FR MG, consider MG pattern ID #0~#11 for FR1 NR measurements and MG pattern ID #12~#23 for FR2 NR measurements for multiple MG patterns.
Proposal 5: In Proposal 3 and 4, consider the existing applicable MG pattern IDs in Table 2.2 and Table 2.3.
Proposal 6: Consider MG pattern IDs having same MGL for multiple MG patterns, if SMTCs are configured with same SMTC window duration.
Proposal 7: Consider Primary MG pattern ID(s) and Secondary MG pattern ID(s) for multiple MG patterns.
[bookmark: _GoBack]Proposal 8: In Proposal 7, consider that Secondary MG pattern ID(s) can be activated or deactivated to reduce performance degradation due to multiple MG patterns.
Proposal 9: Consider MG pattern ID with largest MGRP of 160ms as one of multiple MG pattern IDs to reduce performance degradation due to multiple MG patterns.
Proposal 10: Keep the existing UE measurement capability of monitoring of multiple layers for multiple MG patterns.
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