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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meetings, RAN4 discussed the combination of Pre-MG and ConMGs [1].  Some terminologies for gap were agreed as follow. 
	Issue 2-2: Definitions: legacy, concurrent, baseline and component gaps
< Agreement >: 
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17


In this contribution, we will continue to discuss the related issues for Pre-MG and ConMGs.
2 Pre-MG+ConMGs 
[bookmark: _Ref71471041][bookmark: _Ref78624429]Pre-MG collision rule
In last meeting, RAN4 further discussed the Pre-MG collision rule to consider both activation and deactivation Pre-MG.
	Issue 3-3-1: [Case 1] Required changes for Pre-MG on collision  
< Way forward >:  
· Option 1: RAN4 shall stick to agreed baseline that collision and priority rule on Pre-MG are considered only when Pre-MG is activated (deactivated Pre-MG is not considered in collisions).
· Option 2: De-activated pre-MG is considered in collisions handling.


In legacy Rel-15, the design principle is MG shall have highest priority. All the MOs which collide with MG shall be measured outside gap if possible to speed up the measurement within gap. When the intra-frequency/inter-frequency wo gap’s measurement is close to MG, both the measurements within the gap and outside gap can be performed.
[bookmark: _Ref133602057]Observation 1: In legacy Rel-15, when intra-freq/inter-freq wo gap’s measurement is close to MG, both measurement within gap and outside gap can be performed.
[image: ]
Figure 1. legacy MG close to intra-frequency measurement
The main intention of introducing Pre-MG is to handle the dynamical changes for the intra-frequency measurement within gap and outside gap due to BWP switching. When the Pre-MG is deactivated, the related intra-frequency measurement will be performed without gap and the scheduling restriction shall be enabled. In this case, the measurement collision rule will be disabled, and only single MG is assumed. 
On the one hand, when NW configures Pre-MG with higher priority and legacy MG with lower priority, the gap occasions for legacy MG will be cancelled and data scheduling is expected on these occasions if Pre-MG is activated. After BWP switching, the Pre-MG is deactivated. Consequently, the gap collision rule is also disabled. The gap occasions for legacy gap won’t be cancelled. On the other hand, when NW configures Pre-MG with lower priority and legacy MG with higher priority and the Pre-MG is deactivated after BWP switching, the gap collision rule should be also disabled. The intra-frequency associated with lower priority can be measured other than dropped based on the gap dropping rule.
[bookmark: _Ref125733646]Proposal 1: The gap collision and priority rules on Pre-MG are only applied when Pre-MG is activated. 
In last meeting, some companies suggest to introduce additional capability for such dynamic collision due to Pre-MG status change since some UEs may hard to handle the dynamic collision. In our understanding, UE should have the capability to handle the dynamic collision due to Pre-MG if UE supports Pre-MG+Con-MGs capability. As a compromise, RAN4 can introduce a capability to support Pre-MG+Con-MG together with dynamical collision.
[bookmark: _Ref125733650]Proposal 2: As a compromise solution, RAN4 sends LS to RAN2 to introduce a new capability to handle the dynamic collision together with Pre-MG and Con-MGs configuration.
Furthermore, to be fair, similar as inter-frequency without gap in Rel-16, a further flag from NW shall also be introduced. When UE reports to support dynamic collision, NW can still indicate a flag to enable/disable the dynamic collision.
[bookmark: _Ref131772416]Proposal 3: NW can further indicate a flag to enable/disable the dynamic collision when UE reports to support dynamic collision capability.

Additional gap dropping rule
In last meeting, another issue is to clarify the UE’s behaviour during Pre-MG activation/deactivation period since both NW and UE need to understand whether data scheduling is expected during the Type-2 MG occasions within Pre-MG status change period.
	Issue 3-3-2: [Case 1] When the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion during the dynamic collision (i.e. Pre-MG has higher priority than the MG)  
< Way forward >:  
· FFS the following options:
· Option 1: 
· A collision between a change in the status of a pre-configured MG and a gap instance happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of a gap instance of an activated concurrent MG. (UE shall extend the activation procedure)
· Option 1a: 
· If a change in the status of a pre-configured MG collides with a gap instance, the change in status is delayed by (MGL of the gap instance plus 5 ms) to avoid the collision.
· Option 2: 
· For some gap patter configuration, for example when the current gap pattern is gap pattern 4 (MGL = 6ms and MGRP = 20ms), after the activation of Pre-MG, that Pre-MG occasion will collide with the next gap occasion of the concurrent gap and gaps will be dropped based on priority rule. Clarifications may need since for a particular window W there is an extra collision due to the extension of the activation procedure and the collision may not happen again for other time window W.
· Option 3: 
· Alternatively, when the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion, the Pre-MG status shall not be changed immediately and its status shall be changed prior to the next gap occasion.
· Option 4: 
· When Pre-MG activation/deactivation period collides Type-2 gap, 
· during Pre-MG activation/deactivation period, 
· the UE is not required to receive or transmit in the corresponding NR serving cells in the Pre-MG occasions.
· gap dropping rule won’t be applied. 
· how to use such gap occasion is up to UE implementation.
· the gap dropping rule will be re-applied after the 1st effective MG occasion after Pre-MG activation.
· Option 5: 
· If the priority of pre-MG is higher than the other MG, applying priority rule, i.e. pre-MG activation/deactivation procedure prioritizes the other MG occasion, so the other MG occasion is dropped;
· then the MO(s) associated with this MG accordingly be canceled at this MG occasion.
· Option 6: 
· If two MG occasions collide, one of the two MGs is pre-MG and the pre-MG has higher priority, then UE is allowed to keep or drop any of the two occasions if 
· the (de)activation procedure of pre-MG ends earlier than the start of pre-MG occasion, and
· the (de)activation procedure of pre-MG overlaps with time period T, where T starts from 4ms before the other MG occasion and ends at 4ms after the other MG occasion
· Option 7: 
· Agree on option 2 for issue 3-3-1 and close this issue.


[bookmark: _Ref118322130]In last meetings, several different proposals were proposed to solve the issue. However, we have different views on how to solve this transition issue. In our understanding, both Pre-MG activation and deactivation behaviour should be considered. If we follow the delay extension rule, it doesn’t mean the delay will extend only 5ms, but will be 5ms+SMTC periodicity. Furthermore, we also think UE’s behaviour is unclear. For example, when both Pre-MG and Type-2 MG’s MGRP are 20ms, it means any Type-2 MG will meet the proximity with two Pre-MG occasions before and after the Type-2 MG occasion. When Pre-MG deactivation, RAN4 still needs to specify the Type-2 MG status after the Pre-MG deactivation. However, no gap collision will happen after Pre-MG deactivation. 
[bookmark: _Ref130765958]Observation 2: The Pre-MG activation delay will be too long when further extension is needed to avoid the collision. 
[bookmark: _Ref130765964]Observation 3: RAN4 also needs to specify the Type-2 MG status colliding with the Pre-MG deactivation.
Both Pre-MG activation and deactivation procedures are shown as follow. 
[image: ]
Figure 2. Pre-MG activation procedure colliding with Type-2 MG
[image: ]
Figure 3. Pre-MG deactivation procedure colliding with Type-2 MG
In our understanding, such collision between Pre-MG activation and Type-2 MG is a corner case in real field. The key issue is whether UE needs to further handle the data scheduling in the dropped gap occasion during the transition period. Thus, we think RAN4 doesn’t need to further discuss the detail solution to handle the collision, such as which one shall be dropped or how to avoid the gap drop happening. The simplest solution is to clarify that no data scheduling is expected for the gap occasions during the transition period. The gap dropping rule will be re-applied after the 1st effective MG occasion after the Pre-MG activation. No gap dropping rule is expected after Pre-MG deactivation.
[bookmark: _Ref130767070][bookmark: _Ref118322133]Proposal 4: When Pre-MG activation/deactivation period collides Type-2 gap, 
· during Pre-MG activation/deactivation period, 
· the UE is not required to receive or transmit in the corresponding NR serving cells in the Pre-MG occasions.
· gap dropping rule won’t be applied. 
· how to use such gap occasion is up to UE implementation.
· the gap dropping rule will be re-applied after the 1st effective MG occasion after Pre-MG activation.
3 Pre-MG+Pre-MG 
In last meeting, RAN4 further discussed the scenarios of simultaneous/non-simultaneous multiple Pre-MGs activation/deactivation.
	Issue 3-2-1: [Case 1] Define definitions for simultaneous and non-simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG  
< Agreement >:  
· Definitions for simultaneous and non-simultaneous multiple Pre-MGs activation/deactivation
· In simultaneous case, the multiple Pre-MGs activation/deactivation duration are fully or partially overlapping (before any potential delay extension) in time.
· In non-simultaneous case, the multiple Pre-MGs activation/deactivation duration are not overlapping (before any potential delay extension) in time.
· FFS the requirements, e.g., triggered by the same or different commands.
Issue 3-1-1: [Case 1] Whether to consider a new capability for Pre-MG + Pre-MG in an FR  
< Agreement from online session >:  
· It is up to UE capability to support the simultaneous activation/deactivation of two Pre-MGs in the same FR.


Scenarios
One of the additional issues is to further clarify the scenarios based on fully and partially overlapping as follow. 
1. Fully overlap:
a. Both Pre-MGs are triggered by the same event, as shown below:
[image: ]
b. Two Pre-MGs are triggered by 2 events of the same type at the same time, as shown below:
[image: ]
2. Partially overlap:
a. Two Pre-MGs are triggered by 2 events of the same type at different time, as shown below:
[image: ]
b. Two Pre-MGs are triggered by different type of events at the same time, as shown below:
[image: ]
c. Two Pre-MGs are triggered by different type of events at different time, as shown below:
[image: ]
d. Two Pre-MGs are triggered by different type of events at different time but the delay finish at the same time, as shown below:
[image: ]
[bookmark: _Ref130765967]In our understanding, for scenario 1-a, it’s possible due to current signalling design and NW configures different MOs in the same BWPs associated with different Pre-MGs. For scenario 1-b, we think it’s a typical case which is defined in Rel-16 simultaneous multiple BWP switching. 
However, for partially overlapping cases, we think some of them are unnecessary. In legacy requirements, RAN4 defined multiple BWPs switching, multiple SCells activation and RRC reconfiguration. However, RAN4 never discussed the cross procedures requirement. Thus, the start point of the Pre-MGs activation will be unclear since the total BWP/SCell activation delay is uncertain once the trigger events are different. Thus, case b, c, d is not needed. For case a, we also think the only valid scenario is for Rel-16 non-simultaneous multiple BWP switching. In Rel-16, RAN4 made an agreement that only same MAC-CE command is considered for multiple SCell activation in NR SA. Thus, RAN4 can also preclude multiple SCell activation in partially overlapping cases.
	8.3.7	SCell Activation Delay Requirement for Deactivated SCell with Multiple Downlink SCells
…
In EN-DC, NE-DC, standalone NR, or in one CG of NR-DC, the requirements in this clause shall apply when the following conditions are met:
-	UE only receives one single MAC command for multiple SCell activation within the activation period defined in this clause
…


[bookmark: _Ref133745567]Observation 4: RAN4 never discussed the activation delay due to different trigger events, such as BWP switching +SCell activation. 
[bookmark: _Ref133745570]Observation 5: In Rel-16, RAN4 agreed to only consider single MAC-CE command for multiple SCell activation.
[bookmark: _Ref133745607][bookmark: _Ref130767073][bookmark: _Ref126484250]Proposal 5: RAN4 to support both scenario 1-a, 1-b for fully overlapping simultaneous multiple Pre-MGs activations.
[bookmark: _Ref133745610]Proposal 6: RAN4 not to consider different trigger events in partially overlapping simultaneous multiple Pre-MGs activation delay since the start point of the Pre-MG activation is unclear. 
[bookmark: _Ref133745613]Proposal 7: When RAN4 considers multiple SCell activations as trigger event in partially overlapping simultaneous multiple Pre-MGs activation delay, only single MAC command requirement is defined in NR SA multiple SCell activation.
Activation delay
Another open issue is about the multiple Pre-MG activation delay requirement. The way forward of fully overlapping simultaneous activation is as follow.
	Issue 3-2-2: [Case 1] Whether to extend the delay for fully overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Agreement >:  
· The fully overlapped simultaneous multiple Pre-MGs activation/deactivation delay equals the BWPs/SCells/RRC reconfiguration delay plus existing processing time (5ms) plus the additional post-processing time T1, where T1 value is FFS. 
· An illustration example is captured below:
[image: ]
< Way forward >:  
· FFS the value of T1 with the following options:
· Option 1: 0 ms
· Option 2: < = 5 ms 
· Other values are not precluded


The delay of fully overlapping simultaneous Pre-MGs activation can be multiple BWPs/SCells/RRC reconfiguration delay with agreed processing time (5ms) plus an additional processing time T1. In our understanding, the additional post-processing time T1 can be 2ms. 
[bookmark: _Ref126484258][bookmark: _Ref130767076]Proposal 8: The additional post-processing time T1 of fully overlapping simultaneous multiple Pre-MGs activation can be 2ms.
The way forward of partially overlapping simultaneous activation is as follow.
	Issue 3-2-3: [Case 1] Whether to extend the delay for partially overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Way forward >:
· Option 1: 
· RAN4 shall extend the delay for partially overlapped simultaneous Pre-MGs activation/deactivation, when multiple Pre-MGs activation/deactivation processes are overlapped in time, until the end of the last Pre-MG activation/deactivation duration + T2. Where the value of T2 is FFS.
· Option 3: 
· For partially overlapping simultaneous activation/deactivation of two Pre-MGs due to different events, RAN4 shall discuss necessity of defining requirement. The following two options can be considered:
· only clarify in spec that extra delay can be expected in high-level.
· the completion of activation/deactivation of the first Pre-MG is extended to the end of completion of activation/deactivation of the second Pre-MG.
· Option 4:
· Since the UE capability of supporting simultaneous pre-MG multiple activation/deactivation procedure has been identified, for the UE capable of such capability, the UE is capable to perform multiple activation/deactivation procedure in parallel, so we prefer to reuse the R17 activation/deactivation switching delay.



[bookmark: _Ref126484261]The delay of partially simultaneous Pre-MGs activation can follow the similar non-simultaneous multiple BWP switching requirement as . 
[bookmark: _Ref133745619]Proposal 9: The partially overlapping simultaneous multiple Pre-MGs activation delay equals , where
·  is the waiting time for the first processing which is upper bounded by the ongoing processing delay with the first trigger;
·  is the processing time by the 2nd trigger;
·  is the additional processing time to (de)activation multiple Pre-MGs.
4 Conclusion
Observation 1: In legacy Rel-15, when intra-freq/inter-freq wo gap’s measurement is close to MG, both measurement within gap and outside gap can be performed.
Observation 2: The Pre-MG activation delay will be too long when further extension is needed to avoid the collision.
Observation 3: RAN4 also needs to specify the Type-2 MG status colliding with the Pre-MG deactivation.
Observation 4: RAN4 never discussed the activation delay due to different trigger events, such as BWP switching +SCell activation.
Observation 5: In Rel-16, RAN4 agreed to only consider single MAC-CE command for multiple SCell activation.
Proposal 1: The gap collision and priority rules on Pre-MG are only applied when Pre-MG is activated.
Proposal 2: As a compromise solution, RAN4 sends LS to RAN2 to introduce a new capability to handle the dynamic collision together with Pre-MG and Con-MGs configuration.
Proposal 3: NW can further indicate a flag to enable/disable the dynamic collision when UE reports to support dynamic collision capability.
Proposal 4: When Pre-MG activation/deactivation period collides Type-2 gap,
· during Pre-MG activation/deactivation period, 
· the UE is not required to receive or transmit in the corresponding NR serving cells in the Pre-MG occasions.
· gap dropping rule won’t be applied. 
· how to use such gap occasion is up to UE implementation.
· the gap dropping rule will be re-applied after the 1st effective MG occasion after Pre-MG activation.
Proposal 5: RAN4 to support both scenario 1-a, 1-b for fully overlapping simultaneous multiple Pre-MGs activations.
Proposal 6: RAN4 not to consider different trigger events in partially overlapping simultaneous multiple Pre-MGs activation delay since the start point of the Pre-MG activation is unclear.
Proposal 7: When RAN4 considers multiple SCell activations as trigger event in partially overlapping simultaneous multiple Pre-MGs activation delay, only single MAC command requirement is defined in NR SA multiple SCell activation.
Proposal 8: The additional post-processing time T1 of fully overlapping simultaneous multiple Pre-MGs activation can be 2ms.
Proposal 9: The partially overlapping simultaneous multiple Pre-MGs activation delay equals , where
·  is the waiting time for the first processing which is upper bounded by the ongoing processing delay with the first trigger;
·  is the processing time by the 2nd trigger;
·  is the additional processing time to (de)activation multiple Pre-MGs.
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1. Overall Description:
RAN4 discussed RRM requirements for pre-configured gap and concurrent gaps. 
In RAN4 #106 meeting, RAN4 agreed to introduce new additional capability to enable simultaneous activation/deactivation of two Pre-MGs in the same FR in Rel-18.
The definition of simultaneous activation/deactivation of two Pre-MGs in the same FR is also agreed as follow.
< Agreement >:  
· Definitions for simultaneous and non-simultaneous multiple Pre-MGs activation/deactivation
· In simultaneous case, the multiple Pre-MGs activation/deactivation duration are fully or partially overlapping (before any potential delay extension) in time.
· In non-simultaneous case, the multiple Pre-MGs activation/deactivation duration are not overlapping (before any potential delay extension) in time.

In RAN4 #107 meeting, RAN4 agreed to introduce new capability to enable dynamic collision together with Pre-MG and Concurrent gaps.
The definition of dynamic collision was also agreed as follow.
< Agreement from online session>:  
· Dynamic collisions are gap collisions involving at least one [activated] pre-configured MG, where gap instances of other MGs (which has lower priority) are dropped.
· [activated] is based on the assumption that only activated Pre-MG can cause collisions.
 
2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and define corresponding signalling support.

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #108			Aug 21 – Aug 25, 2023		Toulouse, France
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