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Introduction
RRM requirements for concurrent MGs were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Definition of concurrent MGs
· Association between measurement and MG
· Number of supported MGs
· Overlapping issues 
· Applicability of current MGs 
· Interruption requirements for concurrent MGs
· Measurement requirements with concurrent MGs
In this paper we will provide our views on the above open issues for concurrent MGs.
Discussion
Definition of concurrent MGs
	· No consensus on keeping ‘common period of time’ in the definition of concurrent gap in this meeting. 
· Refinement of concurrent gap definition
· Concurrent gaps are multiple measurement gaps configured by RRC message(s)
· Either by same or separate RRC messages
· Whether and how to introduce new IE(s) or duplicate the existing IE is left to RAN2.
· Note: if existing IE is to be used, the configuration mechanism shall allow NW to use the same IE to either configure additional concurrent MGP or update the configured MGP.


In our view, there is no need to have ‘common period of time’ in the definition of concurrent MGs. The main motivation to keep ‘common period of time’, according to some companies’ comments, was to make it clear that when one or more of the configured MGs are pre-MG, requirements with concurrent MGs only apply when more than one MGs are active in use. 
RAN4 has agreed to not consider joint working of concurrent MG and pre-MG at this stage, which means the current definition is sufficient for now. When we consider joint working of the two features, we believe the current definition is also accurate. We acknowledge that some of the requirements with concurrent MGs only apply when more than one MGs are active in use, e.g. the interruption of concurrent MGs would only account for those active ones, but there are also other requirements that would apply when more than one MGs are configured, e.g. the association between measurement and MG should also apply to pre-MG. 
As the current definition is already sufficient and accurate, we suggest to not keep ‘common period of time’ in the definition of concurrent MGs.
Proposal 1: Remove ‘common period of time’ in the definition of concurrent MGs.
Association between measurement and MG
	· Introduce the association between measurement gap and dedicated use case(s). 
· FFS how to handle the case when the association is not provided.
· Inform RAN2 that the measurement gap can be associated to one or multiple use cases in the following, while the detail on how to implement the association is left to RAN2
· One or more MO(s) for same or different RATs
· SSB and/or CSI-RS in each associated NR MO
· PRS


As agreed in [1], the association between measurement gap and dedicated use case(s) will be introduced, and the use cases(s) could include one or more MO(s) for same or different RATs, SSB and/or CSI-RS in each associated NR MO and PRS. In RAN4#99-e, we proposed to define this association based on MO, i.e. NW indicates which MG should be used for each MO. Some issues were raised by companies regarding this approach, e.g. CSI-RS and SSB are in the same MO but NW may want to measure them with different MGs, and PRS is configured via LPP which is not in the form of MO.
To resolve the issues raised, we suggest to define the association based on frequency layer, considering that
· SSB and CSI-RS are considered as separate frequency layers even they are configured in the same MO
· PRS measurement is based on Positioning Frequency Layer (PFL)
In our view, when NW configures UE with concurrent MGs, NW should make it clear to UE which MG should be used to measure each frequency layer. Of course, if the RS for a frequency layer can be only covered by one MG, then this frequency layer can be only measured with this MG, but it could also happen that the RS for a frequency layer fall in multiple MGs, and it would be ambiguous with which MG the measurement should be performed without clear association information. 
To simplify the framework for concurrent MG, we suggest that a frequency layer can be only associated with one MG, as otherwise it would be complex to define the measurement requirements. Also, to simplify the NW and UE implementation (avoiding NW and UE to check the overlapping status between the RS and MG) and to have a unified framework for all frequency layers, we suggest that the association information is mandatorily provided by the NW when concurrent MGs are configured. 
Proposal 2: The association information between a frequency layer and a MG is mandatorily provided by the NW when concurrent MGs are configured. 
Proposal 3: Each frequency layer can be associated with only one MG.
Frequency layer is a concept used in RAN4 to define measurement requirements, so we need to further discuss how the association information can be provided so that RAN2 can define the signalling support. 
For RRM measurements which are in the form of MO, two signalling approaches were discussed:
· Alt1: NW configures which MG to use for each MO
· Alt2: NW configures which MOs to measure for each MG
Both approaches are valid and can be extended to support frequency layer based association. If one MO includes more than one frequency layers, for Alt1 NW can separately indicate which MG to use for each frequency layer of the concerned MO; for Alt2, NW can indicate which frequency layer of the concerned MO is to be measured with the concerned MG. We believe the choice of the signalling approach can be left to RAN2.
For PRS the situation is a bit different as the NW (serving cell) has no idea about the PFLs. In addition, when defining positioning measurement requirements, UE is assumed to only measure one PFL at a time, and as a result, the requirements for multiple PFLs are defined as the sum of measurement period of each individual PFLs. In this case, there is no point to associate different PFLs to different MGs since UE will only use one of MGs for PRS measurement. Therefore, we suggest that only one MG can be used for PRS measurement, and this should be reflected in the signalling, e.g. in the MG configuration, NW would indicate whether a MG is used for PRS measurement or not. 
Proposal 4: Inform RAN2 the following information
· For RRM measurement, NW configures either which MG to use for each frequency layer, or which frequency layers to measure for each MG
· For PRS measurement, NW configures whether a MG is used for PRS measurement or not, and only one MG can be used for PRS measurement
A draft LS is provided in section 5.
Number of supported MGs
	· Max number of supported concurrent gap:
· When UE doesn’t support per-FR gap, 
· Assume max 2 MGs as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· Larger number can be considered if RAN4 has extra time in Rel-17.
· UE capability can be discussed later and independently.
· When UE supports per-FR gap, 
· Agreement:
· Allow network to fall back to use per-UE gap
· FFS whether to allow simultaneous configuring per-UE gap and per-FR gap 
· Assume max 2 MGs in an FR as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· FFS the max number of supported concurrent gaps across all FRs, e.g.,
· Only per-FR gaps are configured
· per-UE gap and per-FR gap are configured simultaneous, if agreed


For UE capable of per FR MG and capable of concurrent MG, the first issue to discuss is whether it can be simultaneously configured with a mix of per UE MG and per FR MG. We suggest to not support such configuration. First, this is not supported in Rel-15/16. Based on current MG applicability, a UE cannot be configured with two types of MG at the same time. Second, the use case is still unclear, e.g. NW configures a per UE MG because there are MOs in both FR1 and FR2, but in such a case, it would be more reasonable for NW to configure two per FR MGs since the measurement delay would be shorter with two per FR MGs. 
Assuming same type for concurrent MG, in our view UE capable of per FR MG can be configured with 
· Up to 2 per UE MGs, or 
· Up to 3 per FR MGs with up to 2 MGs in one FR
Proposal 5: UE capable of per FR MG and capable of concurrent MG can be configured with 
· Up to 2 per UE MGs, or 
· Up to 3 per FR MGs with up to 2 MGs in one FR
Overlapping issues 
	· FFS whether to define requirements for Fully-overlapped (FO)
· FFS whether to define requirements for Fully-partial overlapped (FPO)
· FFS whether to define requirements for Partially-fully overlapped (PFO)
· FFS whether to define requirements for Partially-partial overlapped (PPO) 
· FFS whether to define gap cancel rules for fully non-overlapped (FNO) considering the following scenarios
· URLLC scenario
· HARQ feedback (k1, k2)
· FFS other option (e.g. min distance)
· If at least one of the FO, FPO, PFO and PPO cases is agreed further discuss based on the general assumption:
· UE is required to measure only in one MG in occasions where the two MG s are overlapped
· For per-FR gap case, different FR will be considered separately.
· FFS the rule for colliding gap occasions
· Option 1: Gap sharing
· A factor for gap sharing percentage, e.g., given 50% gap sharing, the measurement w.r.t. one gap will share roughly 50% of the time, while the other gap share the remaining
· Option 2: Priority
· UE will only do the measurement w.r.t. the gap with higher priority all the time
· Option 3: other option is not precluded
· FFS the data will be scheduled on the dropped gap occasions.


In our view, there is no need to support FO or PFO. Figure 1(a) shows an example of PFO. As occasions of MG#2 is a subset of the other MG (MG#1), configuring MG#1 is enough for UE to measure all the frequency layers, and also the interruption to serving cells depends on MG#1 no matter if MG#2 is configured or not. 
On the other hand, there could be valid use cases for FPO and PPO due to RS offsets, so it is still meaningful to consider the collision and define requirements for the cases where two MGs overlap with each other. Figure 1(b) shows an example of PPO. 
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Figure 1: Illustration of overlapping MGs
As UE is required to measure only in one MG in occasions where the two MG s are overlapped, there seems to be no difference from UE perspective between PFO in Figure 1(a) and PPO in Figure 1(b). Similarly, the UE requirements would be same for FO and FPO. In this sense, there may be no need to exclude FO or PFO from RAN4 requirements. 
Regarding whether to use priority or sharing for the colliding MG occasions, our understanding is that MG sharing should be used. If priority is used, it means UE will only measure the MG with high priority in colliding occasions, 
· For FO and FPO, the MG with lower priority will be never used, so NW should simply de-configure the low priority MG
· For PFO and PPO as in Figure 1, the only possibility is to prioritize the MG with larger periodicity (MG#2), as otherwise it will be never used. In this case, NW could simply enlarge the periodicity of the other MG (MG#1). It is noted that if MG#1 periodicity is 40ms and MG#2 periodicity is 160ms, there is a difference between changing MG#1 to 80ms periodicity and prioritizing MG#2 in colliding occasions, but we do not think this particular use case justifies use of priority solution.
Of course, the advantage of using priority for colliding occasions is that it is clear that the colliding occasion of the low priority MG will not be used by UE, so such dropped occasions can be used for data scheduling in case of FPO and PPO. However, this would add additional complexity to UE and NW implementation to Tx/Rx in part of MG occasions, and we prefer to leave such enhancement to future releases if justified.
The exact sharing rule can be further discussed. One straightforward approach is to re-use the existing sharing rule between intra-frequency and inter-frequency/inter-RAT measurement within a single MG. The sharing factor can be either fixed in the spec or configured by the NW. 
Proposal 6: RAN4 to define requirements for all overlapping cases (FO, PFO, FPO and PPO) with MG sharing, e.g. a fixed or configurable sharing factor between two MGs. 
Regarding the MG cancelling, we understand there were two use cases discussed in RAN4#99-e. 
Use case #1 is dynamic cancelling MG occasion based on pre-defined rules. For example, an MG occasion of one of the concurrent MGs can be cancelled if UE is scheduled for URLLC services, or when aggregated MGL is larger than the HARQ-ACK feedback delay (K1). 
In our view, such use cases can be addressed to some extent by the NW implementation. It is up to NW to decide whether to configure concurrent MGs, and we understand that concurrent MGs, in particular the FNO scenario, are only used when it is really necessary as it comes with reduction of data/control resources. 
If there is data for some high priority service to transmit, NW could de-configure the concurrent MGs. We agree that dynamic cancelation of the MG occasion can be faster and more efficient than de-configuring the MG, but in our view this is an optimization and not really specific to concurrent MGs, i.e. when single MG is configured, it may be also beneficial to dynamically cancel certain MG occasion. As such, we think it can be discussed as a generic enhancement in future releases. 
As to the problem of HARQ-ACK feedback, it is up to NW to avoid scheduling data around MGs to ensure HARQ-ACK can be sent. In our view, this is same issue as single MG scenario.
Use case #2 is semi-static cancelling MG occasion based on configured patterns. For example, NW can configure a pattern like PRS muting pattern. 
In our understanding, this somehow enables irregular MG pattern, i.e. MG occasions do not have to occur periodically. However, the problem is that it may be hard for the NW to decide the cancelation pattern as the data scheduling is more dynamic. Also, this enhancement is not specific to concurrent MGs, i.e. a single MG can also be configured with a cancelation pattern, so if deemed as useful, this can also be discussed as a generic enhancement in future releases.
Proposal 7: RAN4 not to define MG cancel rule in Rel-17. 
Applicability of current MGs 
	· FFS whether to allow concurrent gap for the case with only non-NR RAT measurement objectives
· Whether to define an overhead cap for concurrent gap
· Option 1: Yes
· FFS the detail rule
· Option 2: No


As to performing non-NR RAT measurements with concurrent MGs, we think it may need to be considered as a separate capability from NR measurements with concurrent MGs. Existing 4G/3G/2G measurements are all based on single MG, and if concurrent MGs are used, it means the measurement for legacy RATs needs to be enhanced, and this may be a separate scope than enhancing NR measurements with concurrent MGs. Also, legacy RATs can be measured any time (this is different from NR measurements which are based on SMTC and CSI-RS resources), so the motivation to use concurrent MGs for them are a bit unclear.
If a separate capability on support of concurrent MGs for non-NR RAT is defined, we think UE should be able to use concurrent MGs for non-NR RAT measurement regardless if there is NR measurement or not. 
Proposal 8: Non-NR RAT measurements with concurrent MGs should be defined as a separate UE capability from NR measurements with concurrent MGs.
As to the overhead cap, we were proposing to not define it in the spec but leave it NW implementation. However, based on the discussions in last meeting, we think it may be reasonable to define some applicability conditions in the spec such that UE is not required to work with unreasonable NW configuration. Otherwise, it is the UE who will suffer the throughput loss due to large overhead of concurrent MGs, while NW can use the time resource to schedule other UEs, i.e. there may be not much cost from NW perspective even the MG overhead is large at individual UEs.
Considering the trade-off between NW flexibility and UE throughput loss, we suggest that when concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms. This would mean NW cannot configure two MGs with 20ms MGRP for any of them. 
Proposal 9: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Interruption requirements for concurrent MGs
	· FFS whether to re-use legacy gap interruption requirement.


In our view, it is clear that the legacy MG interruption requirements apply for each of the concurrent MGs. In RAN4#99-e, some companies proposed [2] that in certain cases, the total number of interrupted slots may be smaller than the sum number of interrupted slots of each MG. 
One example is that when the two MGs with 6ms MGL are consecutive, i.e. the start of MG#2 is same as the end of MG#1, the total number of interrupted slots (with 15kHz SCS) is 13 in async scenario, while the number of interrupted slots of each MG is 7. This is shown in Figure 2. 
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Figure 2: Interrupted slots due to concurrent MGs in async scenario
We agree that such cases exist where the total number of interrupted slots is smaller than the sum number of interrupted slots of each MG, but we think it should already accounted if we simply apply the legacy MG interruption requirements for each of the concurrent MGs.
The reduction comes from the fact that one slot is interrupted by both of the two MGs, e.g. slot #6 in Figure 2. With the legacy MG interruption requirements, MG#1 will interrupt from slot #0 to slot #6, and MG#2 will interrupt from slot #6 to slot #12. The union of the interrupted slots due to two MGs are slot #0 to slot #12, which is clear and accurate. In fact, we do not see the need to define additional requirements on the total number of interrupted slots due to concurrent MGs. 
Proposal 10: Legacy MG interruption requirements apply to each of the concurrent MGs, and no need to define additional requirements on the total number of interrupted slots.
Measurement requirements with concurrent MGs
	· FFS whether to apply the following principles in defining measurement requirements
· Principle 2: Each reference signal can only be measured in one MG pattern. 
· Principle 3: For a particular gap, only MOs share this gap should be counted in 
· Principle 4: Legacy rules for measurement objective and gap (e.g., in Rel-15) should be reused for concurrent gap
· Principle 5: The UE measurement requirements, during the common period of time, are the same whether the measurement gaps are added or removed using concurrent measurement gap feature or pre-configured measurement gap feature. 
· Principle 6: Adding a concurrent measurement gap does not affect an ongoing cell detection or measurement negatively 
· Principle 7: The measurement delay requirement in case of multiple gaps shall be revisited 
· Principle 8: Existing CSSF rules applies also when UE is configured with concurrent MGPs.
· Principle 9: Ensure the positioning-based measurement is fully supported using multiple concurrent measurement gaps.
· Other principles are not precluded.


As discussed in section 2.2, we suggest that each frequency layer is only associated with one MG. If this is agreeable, it will simplify the measurement requirements with concurrent MGs, in particular the CSSF.
For CSSF with concurrent MGs, it is reasonable to have CSSF separately calculated for each MG, based on the frequency layers associated with that MG. For example, in Figure 3, F1 and F2 are measured in MG#1, and F3 and F4 are measured in MG#2. As F1 only needs to compete MG with F2 (but not with F3 or F4), CSSF for F1 and F2 should be equal to 2, and for the same reason CSSF for F3 and F4 should also be 2.
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Figure 3: Example of independent CSSF calculation for each MG
Proposal 11: For defining measurement requirements with concurrent MGs, CSSF is separately calculated for each MG accounting for the frequency layers associated with the concerned MG. 
For positioning measurement, as we discussed in section 2.2, we suggest that only one of the concurrent MGs can be used for positioning measurement. This would enable UE being configured with one MG for positioning measurement and another MG for RRM measurement, and with Proposal 11, positioning measurement will not compete MG with RRM measurements associated to another MG, so positioning measurement is well supported in concurrent MGs framework.
Conclusions
In this paper we provided our views on RRM requirements for concurrent MGs.
Proposal 1: Remove ‘common period of time’ in the definition of concurrent MGs.
Proposal 2: The association information between a frequency layer and a MG is mandatorily provided by the NW when concurrent MGs are configured. 
Proposal 3: Each frequency layer can be associated with only one MG.
Proposal 4: Inform RAN2 the following information
· For RRM measurement, NW configures either which MG to use for each frequency layer, or which frequency layers to measure for each MG
· For PRS measurement, NW configures whether a MG is used for PRS measurement or not, and only one MG can be used for PRS measurement
Proposal 5: UE capable of per FR MG and capable of concurrent MG can be configured with 
· Up to 2 per UE MGs, or 
· Up to 3 per FR MGs with up to 2 MGs in one FR
Proposal 6: RAN4 to define requirements for all overlapping cases (FO, PFO, FPO and PPO) with MG sharing, e.g. a fixed or configurable sharing factor between two MGs. 
Proposal 7: RAN4 not to define MG cancel rule in Rel-17. 
Proposal 8: Non-NR RAT measurements with concurrent MGs should be defined as a separate UE capability from NR measurements with concurrent MGs.
Proposal 9: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Proposal 10: Legacy MG interruption requirements apply to each of the concurrent MGs, and no need to define additional requirements on the total number of interrupted slots.
Proposal 11: For defining measurement requirements with concurrent MGs, CSSF is separately calculated for each MG accounting for the frequency layers associated with the concerned MG. 
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1. Overall Description:
For Rel-17 measurement gap (MG) enhancement WI, RAN4 has discussed support of concurrent MGs, and reached the following conclusions.

For configuration of concurrent MGs:
	Concurrent gaps are multiple measurement gaps configured by RRC message(s)
· Either by same or separate RRC messages
· Whether and how to introduce new IE(s) or duplicate the existing IE is left to RAN2.
· Note: if existing IE is to be used, the configuration mechanism shall allow NW to use the same IE to either configure additional concurrent MG or update the configured MG.



For association between concurrent MGs and measurements:
	The association information between a frequency layer and a MG is mandatorily provided by the NW when concurrent MGs are configured. Each frequency layer can be associated with only one MG.
· For RRM measurement, NW configures either which MG to use for each frequency layer, or which frequency layers to measure for each MG, up to RAN2 to decide
· For PRS measurement, NW configures whether a MG is used for PRS measurement or not, and only one MG can be used for PRS measurement
Note: In RAN4 requirements, different RS-es are considered as different frequency layers even they are in the same MO, e.g. if an MO includes both SSB and CSI-RS measurements, they are considered as separate frequency layers, and may be measured in different MGs.



RAN4 respectfully asks RAN2 to take the above information into account and define procedure and signalling support for configuration of concurrent MGs and association between concurrent MGs and measurements. 

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and define procedure and signalling support for configuration of concurrent MGs and association between concurrent MGs and measurements. 

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 Meeting #101-e		  	    01 – 12 November, 2021
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