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1. Introduction
In RAN4#98-bis-e multiple concurrent and independent MG pattern design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the multiple MGP design with focus on the open issues listed in [1].
2. Discussion
The first issue we would like to discuss is how the multiple MGP is configured:
· Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time]
· FFS on the definition of the “common period of time” and whether it shall be introduced
· FFS how to handle fully overlapping multiple MG case
· FFS how to handle activated/deactivated pre-configured MGs (in case they are defined)
· Detailed RRC configuration is up to RAN2
· UE behavior for measurement of multiple MG patterns is FFS
We believe details on RRC IE design shall be left to RAN2. So RAN4 shall try to avoid explicitly capturing IE name in RAN4 agreement. For instance, the agreement above implies that “RAN4 assume multiple concurrent and independent MG patterns are configured in the same IE”. In RAN4#98-bis-e one company gave example that after receving MeasGapConfig UE is configured with one MG pattern. Later if UE receives another MeasGapConfig, it means UE is configured with a second MG patter. However, we don’t think this is agreeable at current stage. Because it is also possible that NW just wants to replace the existing MG pattern by sending MeasGapConfig again.
Therefore, to avoid ambiguity we suggest using another new IE. 
[bookmark: _Ref71555793]Proposal 1: to avoid ambiguity, the multiple concurrent MGP shall be configured via a new IE other than existing one MeasGapConfig. Detailed IE can be up to RAN2. 
As we all agree that signaling design is up to RAN2, here we just use “MeasGapConfigR17” for example. As long as UE is configured with MeasGapConfig and MeasGapConfigR17, UE is operating with multiple concurrent MGP. So that we don’t need to further discuss what is “during a common period of time”. 
[bookmark: _Ref71555796]Proposal 2: if UE is configured with MeasGapConfig and [MeasGapConfigR17], UE is operating with multiple concurrent MGP. No need to further discuss what is “common period of time”.
Another issue is on measurement purpose:
· The measurement purposes of concurrent gaps include:
· Different configuration (e.g. periodicity and/or offset) of reference signals from different cells or frequency layers that cannot be covered by one measurement gap, 
· SMTC from different cells or frequency layers that cannot be covered by one measurement gap, e.g., synchronous deployment 
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs
· FFS whether to allow concurrent MG when the UE is configured to perform only non-NR RAT measurements
· FFS relation between the parameters of the MGs’ configuration
Regarding the case where UE is configured to perform only non-NR RAT measurements, we don’t see the necessary to configure multiple concurrent MGP. The most typical inter-RAT measurement is NR-LTE inter-RAT measurement. When measuring LTE, typically the measurement gap can be arbitrarily configured since most likely the gap can cover at least one downlink subframe with CRS. This is different from NR. In NR NW needs to consider SMTC configuration on all the frequency layers to be measured when configuring MGP.
[bookmark: _Ref71555798]Proposal 3: no need to consider multiple concurrent MGP when the UE is configured to perform only non-NR RAT measurements.
As for applicability and configurations
· FFS whether RAN4 should associate gap(s) to dedicated use case(s). 
· If Yes, Option 1: associate gap(s) to dedicated use case(s)
· FFS on whether to associate all gaps or only the new gap 
· FFS on which use cases should be associated. 
· Option 2: NW configures which MG is to be used for each MO
· Option 3: NW configures which MO is to be measured in new/each MG
In our view option 1 is not complete, i.e. even if we go with option 1, it may still be unclear on each MG occasion which carrier to measure. Because there could be multiple MO configuring measurement on multiple carriers for the same use case, then if certain MG can cover multiple carriers, then which one shall be measured? Different measurement strategy would result in different measurement latency. It would be challenging to define RRM requirements.
Both option 2 and 3 can work. In option 2 and 3 both NW and UE can have same understanding on which carriers shall be measured on each MGP. The measurement latency can be determined thereby. However, we prefer option 2, i.e. NW configures which MG is to be used for each MO, since it would be easier to implement.
[bookmark: _Ref71555801]Proposal 4: on applicability and configurations, both option 2 and 3 can work. However, option 2 is preferred.
· Option 2: NW configures which MG is to be used for each MO
· Option 3: NW configures which MO is to be measured in new/each MG
Another issue is about per-UE and per-FR gap:
· When UE supports per-FR gap, 
· FFS whether to allow per-UE gap and per-FR gap to be configured simultaneously
· FFS the max number of supported concurrent gap
· FFS on the combination of the per-UE gap and/or per-FR gap to be configured simultaneously
· FFS whether a Per-FR gap capable UE can be configured with Per-UE concurrent gaps (e.g. not configured with Per-FR gaps but only per-UE concurrent gaps)
In RAN4#98-bis-e some companies mentioned that even if UE can support per-FR gap, NW may still configure per-UE gap for the UE. Although it is indeed feasible from RRC configuration point of view, we still don’t see the benefit. Note that if NW wants to configure per-UE gap for the FR2 measurement, there are quite a lot of “FR2 MGP” which cannot be configured. 
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.


Let’s consider the case wherein UE is working with FR1+FR2 CA and it needs to measure CC1 (in FR1) and CC2 (in FR2), SMTC on both CC1 and CC2 is 4ms length with 40ms periodicity. If NW wants to configure per-UE gap, then it has to configure MG pattern 0 which is with 6ms MGL and 40ms MGRP. However, NW can also use per-FR gap to avoid unnecessary throughput loss due to long MGL. For instance, NW can configure MG pattern 0 for FR1 and MG pattern 13 (MGL=5.5ms, MGRP=40ms) for FR2, such that we can have 0.5ms more for data transmission compared with configuring per-UE gap.
[bookmark: _Ref71555818]Observation 1: configuring per-UE gap for UE supporting per-FR gap would cause unnecessary data throughput loss.
[bookmark: _Ref71555804]Proposal 5: even though it may be feasible to configure per-UE gap plus per-FR gap from RRC configuration point of view, the benefit is not observed. Therefore, it is unnecessary to consider combination of per-UE gap and per-FR gap to be configured simultaneously.
Next issue is UE capability related:
· FFS whether UE shall support combinations of concurrent gaps comprising of any UE supported MGPs
· FFS whether to introduce the applicability conditions that may limit the allowable combinations of MGs’ configurations  that can be configured concurrently
We don’t think it is rational to require UE to support all combinations of concurrent gaps comprising of any UE supported MGPs. One example: MGP #4, which is with 6ms MGL and 20ms MGRP, is optional, while MGP#0, which is with 6ms MGL and 40ms MGRP, is mandatory. If we require UE to support all combinations of concurrent gaps comprising of any UE supported MGPs, then UE has to support two MGP #0 with different time offset. The simplest case is time offset is equal to 20ms (fully non-overlapping). Two MGP #0 with 20ms time offset different just creates MGP #4, which means UE has to support MGP #4 if UE wants to support this feature.
[bookmark: _Ref71555806]Proposal 6: UE doesn’t need to support all combinations of concurrent gaps comprising of any UE supported MGPs. Applicability conditions that may limit the allowable combinations of MGs’ configurations need to be introduced, such as MGL overhead.
Another issue is whether we need to consider cases other than fully non-overlapping. As UE vendor we don’t want to consider too many complicated use cases which are not typical at all. However, we also agree that if only fully non-overlapping is considered the use case would be quite limited. We suggest that RAN4 can focus on fully non-overlapping first. Operators can provide some input on necessity of other cases.
[bookmark: _Ref71555810]Proposal 7: RAN4 can focus on FNO first. Operators input on necessity of other cases are welcome.
3. Conclusion
In this contribution, we further discuss the multiple concurrent and independent MG patterns design. After discussion, the following conclusions are provided:
Proposal 1: to avoid ambiguity, the multiple concurrent MGP shall be configured via a new IE other than existing one MeasGapConfig. Detailed IE can be up to RAN2.
Proposal 2: if UE is configured with MeasGapConfig and [MeasGapConfigR17], UE is operating with multiple concurrent MGP. No need to further discuss what is “common period of time”.
Proposal 3: no need to consider multiple concurrent MGP when the UE is configured to perform only non-NR RAT measurements.
Proposal 4: on applicability and configurations, both option 2 and 3 can work. However, option 2 is preferred.
Observation 1: configuring per-UE gap for UE supporting per-FR gap would cause unnecessary data throughput loss.
Proposal 5: even though it may be feasible to configure per-UE gap plus per-FR gap from RRC configuration point of view, the benefit is not observed. Therefore, it is unnecessary to consider combination of per-UE gap and per-FR gap to be configured simultaneously.
Proposal 6: UE doesn’t need to support all combinations of concurrent gaps comprising of any UE supported MGPs. Applicability conditions that may limit the allowable combinations of MGs’ configurations need to be introduced, such as MGL overhead.
Proposal 7: RAN4 can focus on FNO first. Operators input on necessity of other cases are welcome.
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