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Introduction
RRM requirements for concurrent MGs were discussed in RAN4#98-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Definition
· Applicability and configuration 
· UE capability (including overhead)
· Overlapping cases
· MG related requirements
· Measurement requirements 
In this paper we will provide our views on the above open issues for NCSG.
Discussion
Definition
	· Common period of time:
· Without considering pre-configured gap: The common period of time is the duration in which UE is configured with more than one MGs 
· With considering pre-configured gap: FFS
· E.g., The common period of time is the time during which the UE is operating with more than one active MG 


It is noted that the definition of the concurrent MGs are based on configuration, so we understand that as long as there are multiple MG configurations (multiple RRC IE MeasGapConfig), UE is considered to be configured with concurrent MGs, no matter if the configured MGs are active or not.
	· Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time]


When pre-configured MG is considered, it is possible that one or more of the configured MGs can be deactivated. Assuming UE is configured with N MGs and only one MG is active, we agree that the UE measurement is quite same as if a single MG is configured, but UE is still configured with concurrent MGs, and it needs to maintain the status (activated or deactivated) of the other (N-1) MGs, also it needs to re-schedule the measurements when any of the deactivated MGs are activated following a BWP switching considering concurrent MGs, so the actual UE behaviour in this case is quite different from single MG case. 
Proposal 1: Common period of time, if needed, is defined as the duration in which UE is configured with more than one MGs, no matter pre-configured MG is considered or not.
Applicability and configuration 
Use cases
	· 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., asynchronous 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


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.
Proposal 2: Non-NR RAT measurements with concurrent MGs, if supported, should be considered as a separate UE capability from NR measurements with concurrent MGs.
As to the relation between parameters of concurrent MGs, it’s not clear to us if we should define any generic restrictions. For example, if concurrent MGs are used to measure same RS with different offsets, e.g. two SSB layers whose SMTC windows cannot be covered by one MG, then the MGP (MGL and MGRP) for the two concurrent MGs can be same. The offsets of the concurrent MGs also depends on the measured RS, so it is hard to restrict (this is the reason to have overlapping cases)
Proposal 3: No generic restriction on the relation between parameters of concurrent MGs.
Association between MG and measurements
	· 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


We see some issues with option 1. For example, with option 1, NW can configured MG1 to be used for SSB measurement and MG2 for CSI-RS measurement. This works fine if SMTC on all SSB layers is overlapping with MG1 and CSI-RS resources on all CSI-RS layers is overlapping with MG2. However, it could happen that there are multiple CSI-RS layers. If CSI-RS resources for CSI-RS layer#1 is overlapping with MG1 but not with MG2, then UE cannot measure this CSI-RS layer because MG1 is restricted for SSB measurement.
Either option 2 or option 3 could allow more flexible configuration than option 1, i.e. NW can configure CSI-RS layer#1 to be measured in MG1, and CSI-RS layer#2 (with CSI-RS resources overlapping with MG2) to be measured in MG2. Option 2 and option 3 are technically same but with possibly different signalling. With option 2 NW would configure for each MO the associated MG index, while with option 3 NW would configure for each MG the associated MO index. RAN4 could support both options and leave the signalling design to RAN2. 
Proposal 4: For association between MG and measurements, either NW configures which MG is to be used for each MO, or NW configures which MO is to be measured in each MG. The signalling design can be left to RAN2.
UE capability (including overhead)
Per-UE and per-FR support
	· When UE doesn’t support per-FR gap, 
· All concurrent gaps are per-UE
· The max number of supported concurrent gap is
· Option A: 2
· Option B: 3
· Option C: Up to UE capability
· 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)


For UE not capable of per FR MG but capable of concurrent MG, it can be configured with multiple per UE MGs. Considering the impact to throughput loss and UE implementation, we suggest that the maximum number of per UE MGs is 2. 
Proposal 5: UE not capable of per FR MG but capable of concurrent MG can be configured with up to 2 per UE MGs.
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
The first case is same as for UE not capable of per FR MG as in Proposal 5. The second case allows one more MG to be configured in either FR1 or FR2. 
Proposal 6: 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
During email discussion in RAN4#98-bis-e, some companies listed a table of possible combinations of concurrent MGs for UE supporting per FR MG, and our view is that capability 2/3/4 are supported.
Table 1: Possible combinations of concurrent MGs with per FR MG (RAN4#98-bis-e email discussion)
	 
	Pattern Index
	Per-FR1
	Per-FR2
	Per-UE

	Legacy capability
	0
	1
	1
	0

	
	1
	0
	0
	1

	Concurrent Gaps capability
	2
	2
	1
	0

	
	3
	1
	2
	0

	
	4
	0
	0
	2

	
	5
	1
	0
	1

	
	6
	0
	1
	1

	
	7
	1
	1
	1

	
	8
	2
	2
	0


Applicability conditions
	· 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
· Whether to define an overhead cap
· Option A: Yes
· Option B: No


In our view, whether and how to use concurrent MGs should be left to NW implementation, and restrictions on the usage of concurrent MGs, if specified, should be based on clear UE implementation issues. 
So far we do not see clear UE implementation issues in supporting combinations of concurrent MGs comprising of any UE supported MGPs, or other MG configuration parameters. Of course, we are open to hear other views if such issues are identified. 
Overhead cap could be one example of restrictions on the configurations of concurrent MGs because if it is defined, it will limit the MGPs and/or the offsets of the concurrent MGs that NW can use. In our view, 
· NW is well aware of the aggregate interruption from concurrent MG, and it can evaluate the tradeoff between the needs for measurement and the throughput loss. 
· Such a cap on aggregate fractional interruption time, would not impact the UE requirements for concurrent MG, e.g. measurement capability or measurement delay. 
Therefore, we do not see the need to standardize such an overhead cap.
Proposal 7: Restrictions on the configurations of concurrent MGs should be based on clear UE implementation issues. No need to define an overhead cap for concurrent MGs.
Overlapping cases
	· Requirement will be defined at least for FNO. FFS other cases
· FFS UE’s behavior in collided gap durations, if needed


In our view, there is no need to support FO or PFO in [1]. 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 in [1] 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. In occasions where two MGs are overlapped, e.g. the first occasion for both MG#1 and MG#2 in Figure 1(b), it is reasonable that UE only measures for one of the MGs, either MG#1 or MG#2, as otherwise none of the MGs can be completely measured. 
[image: ]
Figure 1: Illustration of overlapping MGs
Proposal 8: UE is assumed to measure only in one MG in occasions where two MGs are overlapped. 
If above proposal is agreeable, 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. 
Proposal 9: RAN4 to define requirements for all overlapping cases (FO, PFO, FPO and PPO).
MG related requirements
	· FFS the legacy gap related requirements that can be re-used for concurrent gaps. Candidates including:
· MG patterns (or sequence), 
· MG applicability,
· MG reference timing (including MGTA), 
· effective MGRP, 
· MG interruption (data scheduling opportunity depends on MG configuration)
· UE UL behaviour after MG
· Other requirements if identified


MG related requirements are defined in clause 9.1.2 of 38.133, including MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG etc. In our view, all of these requirements can be re-used for each of the multiple concurrent MGs.
Proposal 10: All MG related requirements defined for single MG are reused for each of the concurrent MGs.
Measurement requirements 
	· FFS additional assumptions (on network configuration and for UE behavior) for concurrent gap, e.g., 
· Only one frequency layer can be measured in a single gap instance. 
· Only one type of RSs can be performed in a single gap instance. 
· One RS configuration can only be measured in one MG pattern
· FFS CSSF requirements of concurrent gap
· FFS: RRM impact from reconfiguration of concurrent gaps, e.g., impact to ongoing measurement procedures when a 2nd gap is configured


On the general assumptions, the first two bullets are related to single MG occasion, and we think the existing assumptions should be kept, i.e. in a single MG occasion, UE is only required to measure one frequency layer. Based on our Proposal 8, even for an MG occasion where two MG overlap, UE is still required to measure only one frequency layer, i.e. for only one MG. 
As to the RS type, since different RS types are always regarded as different frequency layers, the 2nd bullet is one special case of the 1st bullet, and there is no need to agree on it if the 1st bullet can be agreed.
The 3rd bullet is related to MG. As to the RS configuration, we understand that for one frequency layer there can be only one RS configuration, except for intra-frequency SSB measurement with dual SMTC. However, for dual SMTC, we do not see clear benefit to support measuring smtc1 and smtc2 with different MGs, as it would mean one SSB frequency layer is measured in two MGs, which leads to long measurement delay and complex UE implementation. Actually, based on our Proposal 4, one frequency layer would be associated to one MG, so the use of concurrent MGs should be on frequency layer level instead of RS configuration level.
Proposal 11: Only one frequency layer is measured in a single MG occasion, no matter if two MGs overlap on the occasion or not.
Proposal 12: One frequency layer is only measured with one MG even there are more than one RS configurations configured with a frequency layer (e.g. dual SMTC).
For CSSF with concurrent MGs, from RF (or measurement sampling) perspective it is reasonable to have CSSF separately calculated for each MG, based on the frequency layers associated with that MG. For example, in Figure 2, 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.
[image: ]
Figure 2: Example of independent CSSF calculation for each MG
On the other hand, with independent CSSF calculation, there would be a higher demand on UE processing capacity. Assuming the MGRP for both MG#1 and MG#2 are 40ms, and when there is only MG#1, for any 40ms interval UE only needs to process the samples for MG#1. Now with MG#2, during the a 40ms interval UE needs to process samples for two MGs, which means processing capacity needs to be enhanced in order to get independent measurement period (CSSF) for measurements in two MGs.
Based on above analysis, we suggest RAN4 to further discuss the CSSF for concurrent MGs considering the impact on UE processing capacity. Also, the discussions above are for FNO case, and for overlapping cases, the rule for sharing the MG occasions where two MGs overlap also needs to be further discussed. 
Proposal 13a: Further discuss the CSSF for concurrent MGs in FNO case considering the impact on UE processing capacity.
Proposal 13b: Further discuss the rule for sharing the MG occasions where concurrent MGs overlap.
The last issue is the impact of reconfiguration of concurrent MGs, and we think this issue can be discussed later when requirements for concurrent MGs are stabilized. Basically, there would be a transition from measurements with single MG to measurements with concurrent MGs. The transition requirements may be similar as for transition from no MG to single MG, but whether such transition requirements are needed and if so how they will look like should be better discussed when we know the requirements for measurements with concurrent MGs.
Conclusions
In this paper we provided our views on RRM requirements for concurrent MGs.
Proposal 1: Common period of time, if needed, is defined as the duration in which UE is configured with more than one MGs, no matter pre-configured MG is considered or not.
Proposal 2: Non-NR RAT measurements with concurrent MGs, if supported, should be considered as a separate UE capability from NR measurements with concurrent MGs.
Proposal 3: No generic restriction on the relation between parameters of concurrent MGs.
Proposal 4: For association between MG and measurements, either NW configures which MG is to be used for each MO, or NW configures which MO is to be measured in each MG. The signalling design can be left to RAN2.
Proposal 5: UE not capable of per FR MG but capable of concurrent MG can be configured with up to 2 per UE MGs.
Proposal 6: 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 7: Restrictions on the configurations of concurrent MGs should be based on clear UE implementation issues. No need to define an overhead cap for concurrent MGs.
Proposal 8: UE is assumed to measure only in one MG in occasions where two MGs are overlapped. 
Proposal 9: RAN4 to define requirements for all overlapping cases (FO, PFO, FPO and PPO).
Proposal 10: All MG related requirements defined for single MG are reused for each of the concurrent MGs.
Proposal 11: Only one frequency layer is measured in a single MG occasion, no matter if two MGs overlap on the occasion or not.
Proposal 12: One frequency layer is only measured with one MG even there are more than one RS configurations configured with a frequency layer (e.g. dual SMTC).
Proposal 13a: Further discuss the CSSF for concurrent MGs in FNO case considering the impact on UE processing capacity.
Proposal 13b: Further discuss the rule for sharing the MG occasions where concurrent MGs overlap.
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