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1 	Introduction
In the last meeting, the objective 1 of NR measurement gap enhancement WI [1] has been discussed and a WF for the multiple concurrent measurement gap in Rel17 was also agreed [2]. In this contribution the following open issues will be further discussed.  
· Concurrent MG definition
· Applicability of concurrent MGs
· Configuration of concurrent MGs
· RRM requirement impacts
2 Concurrent MG Definition
In the last meeting, the following agreements on the definition of concurrent gap was achieved [2]:
	· 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


One of most important open issues for the concurrent MG definition is how to define the “common period” above. The further agreements on this “common period of time” were achieved[2]. 
	· 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 





However, in our views there are still some ambiguities on this definition of “common period” above if the measurement periodicities of the configured gaps are different. Generally, the multiple concurrent MGs allow the serving gNB to configure more than one gaps within a specific period as illustrated in Figure 1 below, which depends on the maximum MGRP of all UE configured gaps. Similarly, the common period is the concurrent MG’s life cycle. Thus, it shall be not shorter than any of ones for the induvial gaps which are included in the concurrent MGs. 
Figure 1. An example of concurrent independent gap pattern
Observation 1: The common period in the definition of concurrent MG [2] can be max(MGRPi). MGRPi is the measurement periodicity of th induvial MG configured within these concurrent MGs.  
As RAN4 agreed all MGs in [3, TS38.133 v16.6.0] can be selected as one of induvial instance of the multiple concurrent MG, the maximum MGRP can be 160ms in Rel17.
Proposal 1: Concurrent MGs are multiple individual MGs that can be co-existent for UE’s measurements during [160ms]. 
3 [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Configuration of Concurrent MGs
3.1. UE capability related issues
Firstly, in the last meeting, the relation between the concurrent MGs with per-UE gap and per-FR gap was discussed.
	· 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)




As we explained in the last meeting, the individual gaps included in these concurrent gaps can be completely independent and reused from MGs defined in Rel16. That is they can be used for any measurements (e.g. SSB, CSI-RS, PRS or others) and be configured as both per-UE and per-FR also as specified in Re1l6 [3, TS38.133]. In other word, whether the gap instance within these concurrent MGs can be configured as per-UE or per-FR is up to UE’s capability like in the legacy MGs in Rel16. In our views, the gap instance configured as concurrent MGs can be gnostic with per-UE or per-FR. 
Observation 2: The concurrent MGs can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
Proposal 2: When UE support concurrent MGs, the per-UE gap and/or per-FR gap can be configured simultaneously.

Secondly, as we also agreed in [2] below, the concurrent MGs can enable UE to use these multiple gaps for the measurement which can be located in a same one measurement period and with different reference signals (e.g. SSB, CSI-RS). This is significant to reduce the total measurement delay. However, it shall be noted that whether and how many concurrent gap patterns supported by UE shall be completely up to UE themselves.
	· 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
· 



Observation 3: Whether and how many concurrent gaps supported by UE shall be completely up to UE themselves.
Therefore, the basic capability of UE to support this aspect shall be defined in RAN4. 
Proposal 3: The number of maximum support individual gaps within a concurrent MG pattern can be also defined as one of UE capabilities. 
It shall also be noted that if UE was configured the per-FR gap, it is possible that the UE can support more than one MG (e.g. one for FR1, the other FR2) already in Rel16. In order to avoid such ambiguity between the capability of concurrent MG in Rel17 and that of per-FR gap in Rel16, the further clarifications can be:
Observation 4: In case of per-FR MGs being configured to UE as concurrent MGs, there are more than 2 gaps beside the per-FR MGs configured at least.
3.2. Overhead
The overhead (e.g. how many gaps can be configured as the concurrent gap) was also discussed in the last meeting.
	· Whether to define an overhead cap
· Option A: Yes
· Option B: No 



Obviously, this is two-folder issue. The unscheduled data within a gap may reduce the system efficiency. In order to balance the measurement delay and the system capacity, the maximum number of concurrent multiple gap patterns configured within a period shall be limited. 
Proposal 4: An overhead cap for the concurrent MG shall be defined.
For an example, too many measurement gaps configured within a specific period will introduce too low system capacity. Regarding to the maximum ML for all configured MGs is less than 6ms and the maximum ratio without the data scheduling is about [20%], there are several alternatives to restrict the number of gaps for the concurrent measurements within a MGRP.
· Option 1: 
· When max(MGRPi) >80, the number can be 4
· When max(MGRPi) <=80, the number can be 2, ratio wo data scheduling = 2*6/80
· Option 2:
· The total number of gap patterns (denoted by “x”) shall be subjected the following conditions.
· X * max(MGLi)/LCM(MGRPi,) <[20%]
· Option 3: Static number (e.g. 2)
From the implementation complexity perspective, Option 3 with the fixed number is desired but lack of the efficiency and flexibility. Hence, we believe that the more options above can be evaluated.  
Observation 5: How to define the limitation of the total concurrent gap patterns activated can be FFS, e.g.
· The static number (e.g. a cap as the applicability condition)
· The adaptive limitation based on the gap instances within the concurrent gap pattern  
For the flexibility and more efficiently utilization of these concurrent MGs, the adaptive limitation based on NW configuration is slightly preferred. 
Proposal 5: The adaptive way depending on NW configuration to limit the overhead of concurrent MGs is preferred.
3.3. Applicability 
In the last meeting, the issues related on the UE’s support MGs for the concurrent MGs combination was discussed.
	· 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 views, the main purpose to introduce the concurrent multiple gap patterns is to avoid the MG sharing among the all necessary UE measurements which can result in too long measurement delays. Thus, the induvial gap configured as one of concurrent MGs shall be used by the specific measurement only. Meanwhile, in the last meeting, the following issue was also raised. 
	· RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s).



Generally, it is more straightforward to indicate such dedicated gap within the concurrent MGs via the current signaling IE, e.g. 
	measGapConfig 1 :: =
{
Support concurrent MG: true
measType::= SSB measurement
GapConfig{
MGRP,
Offset
…}
}
measConfig 2 :: =
{
Support concurrent MG: true
measType::= CSI-RS measurement
}



Moreover, if there are multiple simultaneous measurement within a frequency carrier (e.g. in Figure 1 above there are both CSI-RS and SSB measurement needed at T1 in the “f1” carrier), a single gap configured can be used for these “intra-frequency” measurements depending on whether they can satisfy the conditions of intra-frequency measurement without gap in [3, TS38.133] below.
	The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP[3].




Observation 6: The gap instances configured by a same concurrent MG pattern can be used by the specific measurement type(s) occurred in a same frequency layers indicated by serving gNB. 
Therefore, we can also propose that: 
Proposal 6: RAN4 should associate gap(s) to dedicated use case(s). And NW can configure which MG is to be used for each MO.
4 RRM Requirements
Before the more detailed discussions on RRM requirements impacts due to the concurrent MGs, the feasible mechanism to be used shall be aligned within RAN4. Therefore, in Figure 1 above, the corresponding UE behavior was illustrated as an example.
In principle, it is possible that there is overlapping for the individual measurement gaps within the concurrent MGs (e.g. these two MGs in T4). There are also two alternatives to resolve the problem of overlapping cases. One is NW can explicitly indicate the priority of measurements to UE. Then UE can drop-off the lower-prioritized measurement. The other way is the UE can randomly select either of them to perform the measurement and drop-off the others. Consequently, the measurement delay requirements on these measurements shall be extended with the specific gap sharing factor. 
Particularly, in Rel17 if the configurable measurement window introduced for CSI-RS measurement, the coordination for multiple measurements among these serving cell and neighbor cells is possible. As a result, the overlapping concurrent measurement gap for SSB and CSI-RS measurement can be avoided. 
Observation 7: The serving gNB can configure the concurrent MGs without overlapping (e.g. the gaps for SSB and CSI-RS measurements).
4.1. Measurement Delay Requirements
Generally, the new gap pattern configuration will impact the measurement delay requirements. Thus when the concurrent multiple gap patterns introduced in Rel17, the measurement delay requirements for these measurement shall be revisited. Basically, there are also two scenarios below shall be considered.
i. Non-overlapping case
In case of non-overlapping among these gap patterns, the multiple measurements can be performed within the configured gap. For an example, the SSB measurement can be occurred every MGRP1 in Figure 1 and CSI-RS measurement every MGRP2. That is the measurement delay for them can be defined by their MGRP separately. In other words, the measurement requirements for SSB/CSI-RS/PRS in Rel15/Rel16 without the gap sharing can be applicable for the them.
Observation 8: When non-overlapping concurrent measurement gap patterns, the measurement requirements for SSB/CSI-RS/PRS in Rel15/Rel16 without the gap sharing can be applicable for them independently.
ii. Overlapping case
From RAN4 RRM perspective, if there is overlapping and UE select the measurement type randomly, the gap sharing factor due to the multiple gap patterns shall be applicable also.  
Observation 9: The gap sharing factor shall be applicable to the delay requirements when overlapping case.  
Observation 10: How to define the gap sharing factor when the multiple concurrent gap patterns configured can be FFS.  
As a result, for RRM requirements itself, the measurement delay because of the updated gap sharing factor shall be defined.
Proposal 7: The measurement delay requirement in case of multiple gaps shall be revisited. As the start point, the non-overlapping scenarios can be studied as a start point.

4.2. The proximity of MG instances in time domain
In order to avoid the overlapping among the different multiple MG instance configured as one of the concurrent multiple gap patterns, it is nature to separate them with a specific time interval. And in our view, a minimum separation between adjacent measurement gaps ( e.g. denoted by “minSeparationTimeConcurrentGAP-RRM”) is also aimed for to avoid the high dense measuring which may require the too high complicated implementation. In other words, UE’s processing time on these measurements shall be considered to define the minimum proximity also. 
Observation 11: UE processing capability shall be taken count into the proximity of two adjacent gap instances in a concurrent measurement gap configuration.
5 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI are discussed. The proposals can be summarized as:
Observation 1: The common period in the definition of concurrent MG [2] can be max(MGRPi). MGRPi is the measurement periodicity of th induvial MG configured within these concurrent MGs.  
Proposal 1: Concurrent MGs are multiple individual MGs that can be co-existent for UE’s measurements during [160ms].
Observation 2: The concurrent MGs can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
Proposal 2: When UE support concurrent MGs, the per-UE gap and/or per-FR gap can be configured simultaneously.
Observation 3: Whether and how many concurrent gaps supported by UE shall be completely up to UE themselves.
Proposal 3: The number of maximum support individual gaps within a concurrent MG pattern can be also defined as one of UE capabilities. 
Observation 4: In case of per-FR MGs being configured to UE as concurrent MGs, there are more than 2 gaps beside the per-FR MGs configured at least.
Proposal 4: An overhead cap for the concurrent MG shall be defined.
Observation 5: How to define the limitation of the total concurrent gap patterns activated can be FFS, e.g.
· The static number (e.g. a cap as the applicability condition)
· The adaptive limitation based on the gap instances within the concurrent gap pattern  
Proposal 5: The adaptive way depending on NW configuration to limit the overhead of concurrent MGs is preferred.
Observation 6: The gap instances configured by a same concurrent MG pattern can be used by the specific measurement type(s) occurred in a same frequency layers indicated by serving gNB.
Proposal 6: RAN4 should associate gap(s) to dedicated use case(s). And NW can configure which MG is to be used for each MO.
Observation 7: The serving gNB can configure the concurrent MGs without overlapping (e.g. the gaps for SSB and CSI-RS measurements).
Observation 8: When non-overlapping concurrent measurement gap patterns, the measurement requirements for SSB/CSI-RS/PRS in Rel15/Rel16 without the gap sharing can be applicable for them independently.
Observation 9: The gap sharing factor shall be applicable to the delay requirements when overlapping case.  
Observation 10: How to define the gap sharing factor when the multiple concurrent gap patterns configured can be FFS.  
Proposal 7: The measurement delay requirement in case of multiple gaps shall be revisited. As the start point, the non-overlapping scenarios can be studied as a start point.
Observation 11: UE processing capability shall be taken count into the proximity of two adjacent gap instances in a concurrent measurement gap configuration.
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