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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN4 meeting, a new WF for preconfigured MG was approved [1]. 
	· Further study the following procedures for pre-configured MGs:
· 1. (Re)Configuration of the pre-configured MG
· FFS if specific procedure for activation after the RRC configuration is needed
· 2. Activation the pre-configured MG following a DCI or timer-based BWP switch
· 3. Deactivation the pre-configured MG following a DCI or timer-based BWP switch
· Note 1: The conditions and details of each procedure are FFS
· Note 2: MG activation in this context means that both NW and UE assume that the pre-configured MG will be used for measurements. 
· Note 3: MG deactivation in this context means that both NW and UE assume that the pre-configured MG will not be used for measurements and UE should be able to receive scheduled data.
· FFS on how pre-configured MGs can be configured:
· Option 1. Pre-configured MGs are configured per BWP
· Option 2. Pre-configured MGs are configured per UE or per FR which are same as these of legacy MGs
· FFS on relation of pre-configured MG pattern and with the current RRC configured MG 
· Option 1. Pre-configured MG in one active BWP can over-ride current RRC configured MG until active BWP switch to a new BWP without per-configured MG pattern
· Opiton 2. Pre-configured MG is the RRC configured MG in Rel-15, and it may be ON/OFF after BWP switch.
· FFS on in which cases the pre-configured MGs shall be activated
· Option 1. Depending on both BWP switching and MOs configured
· FFS on how pre-configured MGs can be activated/deactivated:
· Option 1 Autonomously/implicitly triggered by DCI/Timer based BWP switching.
· Option 1a A per-UE or per-FR MG is (de)activated following a BWP switch as follows:
· If MG is not required by any of the configured MOs, the MG is deactivated 
· If MG is required by one or more of the configured MOs, the MG is activated
· Option 2 Either network centralized or UE centralized rules will work. 
· Option 3 :RAN4 need to account robustness of the gap changes when evaluating and agreeing on activation/deactivation of MG pattern(s).
· FFS on evaluation on MG activation/deactivation mechanism 
· FFS on Signaling to activate (enable) the pre-configured MGs 
· FFS on whether the pre-configured MG when BWP switching on the multiple CCs be discussed?
· Option 1. Yes. Study CA and with BWP switch on single/multiple CC cases
· Option 2. Study CA and with BWP switch on single CC cases only.
· FFS on activation/deactivation delay
· Option 1: No separated activation delay for the pre-configured MG activation/deactivation
· Option 2: some transition time (T) shall be included in the pre-configured MG activation/deactivation time.
· Option 3: The delay of MG (de)activation is same as that of BWP switching.
· Option 4: MGP change delay shall be evaluated based on realistic latencies.
· FFS on measurement period for the measurements with the pre-configured MGs
· FFS on transitions between gapless and gap-based measurement procedures during ongoing measurements 
· Option 1:
· RAN4 is to investigate the maximum number of transitions (N1,max) allowed for switching from gapless measurement procedure to gap-based measurement procedure during the ongoing measurement. 
· RAN4 is to investigate the maximum number of transitions (N2,max) allowed for switching from gap-based measurement procedure to gapless measurement procedure during the ongoing measurement
· FFS on scheduling restriction during pre-configured MGs when not used 
· Option 1: If the UE is measuring without pre-configured gaps and no other frequency layer which needs gaps is configured then the UE can be scheduled during the pre-configured gaps while meeting existing scheduling restriction requirements defined in TS 38.133
· FFS on Number of pre-configured MG patterns:  
· Option 1: The existing gap patterns (0~23) in Rel16 can be reused for the pre-configured MG.
· Option 2: The existing gap patterns (0~25) in Rel16 can be reused for the pre-configured MG.
· FFS on Per-UE/Per-FR pre-configured MG pattern applicability 
· Option 1: If the gap patterns which can be used as the pre-configured gap are reused from Rel16, the same applicability(per-UE/per-FR) shall follow the rules defined in Rel16 also. 
· Option 2: 
· If per UE MG is configured, the BWP of PCell is referenced to activate its MG pattern which applies to all the serving carriers including PSCell and SCells.
· If per FR MG is configured, BWPs of PCell and PSCell are referenced respectively to decide the pre-configured MGs for applying to the SCells of respective FR.
· Option 3: The applicability of current per FR gap pattern should also apply for per BWP MG configuration.


In this paper, we will continue to discuss the detail for pre-configured MG pattern(s). 
2 [bookmark: _Ref54117246]Basic Procedure
MG ON/OFF procedure 
In last meeting, some companies thought the pre-configured MG may be a kind of BWP gap which is configured per BWP. Owing to multiple carriers have different BWP configurations, it means the activated MGs can be different for different carriers and/or BWPs. Firstly, It’s not realistic for both UE and NW to manage so many MG patterns on different CCs. Secondly, when NW configures and activates a gap, it shall not consider only the BWP status on one CC. It shall also consider all serving cells and all MO configurations to decide the MGL, MGRP etc. Thus, BWP switching on a CC is just a necessary condition for MG ON/OFF other than a sufficient condition. Furthermore, RAN4 has agreed to not introduce per-CC gap in this WI. Naturally, per-BWP gap which is an extension of per-CC gap shall also be precluded in WI.
MG is used to perform a L3 measurements which is a slowly changing procedure. Dynamically changing for MG’s configuration is unnecessary and undesirable for L3 measurements. From our understanding, pre-configured MG is the traditional RRC configured MG and it may be ON/OFF after BWP switch when UE supports this capability. The BWP switch can be triggered by DCI or Timer. For DCI based BWP switch, the NW knows whether target BWP contains SSB or not. For Timer based BWP switch, the NW knows the timer and also whether the default BWP contains SSB or not. Thus, the MG ON/OFF mechanism can be triggered by NW with the BWP switch DCI command or Timer. It should be note that whether the MG can be OFF still depends on whether NW configures other MOs which need MG.  
[image: ]
Figure 1. Example on pre-configured MG ON and OFF 
[bookmark: _Ref61107955][bookmark: _Ref67236504]Proposal 1: The pre-configured MGs is the legacy RRC configured MG which is a per-UE or per-FR gap and may be ON/OFF after BWP switch.
3 Activation procedure
The WI clearly indicates that RAN4 shall study the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch. When MG is ON, both NW and UE shall assume that the pre-configured MG will be used for measurements. After MG OFF, both NW and UE shall assume that the pre-configured MG will not be used for measurements and UE should be able to receive scheduled data. Naturally, both NW and UE shall have the same understanding on MG ON/OFF in each gap occasion.
[bookmark: _Ref67236575]Observation 1: Both NW and UE shall have the same understanding on MG ON/OFF in each gap occasion.
Preconfigured MG ON-OFF is linked to a BWP switch which is a DCI or Timer based procedure. From our understanding, no additional MAC/DCI activation is needed after RRC configuration because whether the MG is ON/OFF can be fully determined by the relation between SSB and BWP BW. Any additional MAC/DCI trigger is redundant and will introduce additional complexity which lower the target benefit. And also, as mentioned by other companies, RAN4 has to further evaluate the robustness for the possible new activation mechanism. Due to the limited time budgets, it’s impossible to fully evaluate the robustness for the new activation in this WI. 
[bookmark: _Ref67236519]Proposal 2: After the MG RRC configuration, no additional specific MAC/DCI procedure for activation is needed.
For DCI case, when UE receives the BWP switch command from NW, the UE will switch the BWP to the new one. After that, UE will transmit HARQ on the new BWP. Both UE and NW will understand whether UE has successfully finished the BWP switch. For timer case, since both UE and network will maintain a timer, we also do not see any issue for both UE to network keep the same understanding on the BWP status anytime. Thus, the pre-configured MG ON/OFF can be implicitly triggered by DCI/Timer based on BWP switch. 
[bookmark: _Ref67236523]Proposal 3: Pre-configured MG can be implicit ON/OFF because both NW and UE should have the same understanding on BWP switch and MO configurations. FFS explicit method if the benefit is identified.
4 Scenarios
The main benefits of pre-configured MG ON/OFF mechanism is that NW can schedule data when no MG is needed after active serving cells’ BWP switch. However, if inter-frequency with gap or inter-RAT measurement objects are configured, the pre-configured MG should always be ON even if an intra-frequency measurement won’t need gap after the BWP switch. 
Single Carrier
When there is only one active serving cell and NW only configures one intra-frequency MO, the pre-configured MG can be ON/OFF according to the BWP switch and the benefit to data scheduling can be achieved in this case. As we mentioned before, if the NW also configures the inter-frequency or inter-RAT MOs, the MG cannot be OFF. The application scenario and benefits for pre-configured MG in single carrier is very clear. Thus, RAN4 can focus on single carrier to define the basic procedure and requirement for pre-configured MG.
[bookmark: _Ref61107999]Proposal 4: RAN4 to focus on single carrier to define the basic procedure and requirement for pre-configured MG.
NR CA
In NR CA, considering the BWP switch in each carrier is independent, when NW configures simultaneous BWP switch for multiple CCs, whether the pre-configured MG is ON/OFF from the overall system will depends on BWP status of all CCs. If RAN4 agrees to use explicit configuration for pre-configured MG, how to indicate the ON/OFF after BWP switch per CC is not clear to us, since the indication on a single CC needs to consider the status of other CCs. 
[bookmark: _Ref67236581]Observation 2: When multiple BWP switch, it’s too complex to decide the MG ON/OFF and how to indicate the signalling to UE if RAN4 agrees to use explicit configuration.
At the same time, the condition for MG OFF is too restricted for multiple carriers. When only intra-frequency MOs are configured and all intra-frequency measurements do not need MG, the pre-configured MG can be OFF. Once any of the intra-frequency still needs MG after BWP switching, it implies the MG cannot be OFF.
[bookmark: _Ref67236584]Observation 3: Too limited application scenarios for pre-configured MG in multiple carriers.
In addition, when we only consider BWP switch on single CC, the ON/OFF scenario is still too complex. For example, if 2 BWP switches happen in one meas. period, the MG ON-OFF shall also be switched accordingly. In this case, the requirement change will impact not only the intra-frequency (f0) MO but also other intra-frequency MOs. For intra-frequency f0, the measurement shall be executed from outside gap to within gap and back to outside gap. For other intra-frequencies’ scheduling, both Kp and CSSF shall be updated due to the overall MO number changing and MG ON/OFF, e.g., one MO could be changed from CSSF outside gap to CSSF within gap because its SMTC occasions are fully overlapped with the active gap pattern.
[bookmark: _Ref67236588]Observation 4: When MG ON/OFF is dynamically switch, both Kp and CSSF will be updated for measurement requirements.
From UE’s perspective, these dynamically changing will result in multiple measurement re-scheduling. Unlike L1 procedures, UE needs additional time to apply the new scheduling parameters for L3 measurements after BWP switch. At the same time, frequent MG ON/OFF will introduce additional difficulty in RSRP/RSRQ measurement. To guarantee the same accuracy as the legacy measurement, UE needs to adjust its AGC/filter coefficients to accommodate the changing distances between 2 measurement occasions.
[bookmark: _Ref67236591]Observation 5: From UE’s perspective, MG ON/OFF dynamically switching will bring more challenges to UE scheduling and algorithm design. 
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[bookmark: _Ref67236532]Proposal 5: When considering multiple BWP switch, the overall procedure for pre-configured MG is too complex. RAN4 to deprioritize the multiple CC scenarios and focus on single carrier in the 1st stage. 
MR-DC
Due to no dynamic coordination between MN and SN, MN has no idea about the status of all active BWPs in SN to know whether the pre-configured MG should be ON or OFF. Thus, the pre-configured MG mechanism may not be applied in NE-DC and NR-DC.
[bookmark: _Ref61108005]Proposal 6: Due to no dynamic coordination between MN and SN, the pre-configured MG mechanism is not applied in DC scenario.
5 Requirement
Additional validation time for Pre-configured gap
Compared with BWP switch which is a L1 procedure, intra-frequency/inter-frequency measurements is a L3 procedure which is not expected to be changed frequently. UE needs additional reprogramming time after each BWP switch and UE is not guaranteed to perform the measurement right after BWP switching. From UE’s practical design, the additional validation time is 20ms.
[image: ]
[bookmark: _Ref67236539]Proposal 7: The pre-configured delay includes BWP switch delay with additional validation time. The validation time is 20ms.
Multiple transitions in a measurement period
As we discussed before, if the number of transitions is larger than one in a measurement period, the UE needs to perform the re-scheduling multiple times in a measurement period. In legacy Rel-15, a transition requirement covers only single transition during a measurement period. 
	TS38.133 9.1.6
…
Subsequent to this measurement period, the cell identification and measurement period requirements on each measurement object are corresponding to the second mode after transition. 


Multiple re-scheduling AGC and filter coefficients in a measurement period will bring more challenges to UE’s algorithm and scheduling design. In addition, multiple transitions will also increase the data scheduling complexity for NW. Thus, we propose to follow the same transition requirement in Rel-15: RAN4 defines minimum requirement with at most one transition during one measurement period. When transition number is larger than 1 time per measurement period, no requirement will be defined.  
[bookmark: _Ref67236546]Proposal 8: RAN4 defines requirement with at most one transition during one measurement period. No requirements for more than one transition in one measurement period. 
Measurement period
Pre-configured MG mainly focuses on the intra-frequency measurement switching between with gap and without gap. All the related requirement had defined in intra-frequency measurements (section 9.2) and minimum requirement at transitions (section 9.1.6). Thus, the intra-frequency measurement period and minimum transition requirement in Rel-15 can be reused.
[bookmark: _Ref67236556]Proposal 9: No new measurement delay and accuracy requirement for pre-configured MG needed to be defined. The intra-frequency measurement period and minimum transition requirement in Rel-15 can be reused. 
Scheduling restriction
The main benefits for pre-configured MG is the MG can be dynamically OFF and NW can schedule data during these OFF gaps, but the existing scheduling restriction shall still be followed.   
[bookmark: _Ref67236564]Proposal 10: If the UE supports Rel-17 pre-configured gap capability and OFF the gap after BWP switch when no other frequency layer which needs gap is configured, then the UE can be scheduled during the gaps while meeting existing scheduling restriction requirements defined in TS 38.133.
6 Conclusion
In the contribution, we discuss the possible scenarios for applying the Pre-configured MG pattern(s) per configured BWP. We have the following proposals: 
Observation 1: Both NW and UE shall have the same understanding on MG ON/OFF in each gap occasion.
Observation 2: When multiple BWP switch, it’s too complex to decide the MG ON/OFF and how to indicate the signalling to UE if RAN4 agrees to use explicit configuration.
Observation 3: Too limited application scenarios for pre-configured MG in multiple carriers.
Observation 4: When MG ON/OFF is dynamically switch, both Kp and CSSF will be updated for measurement requirements.
Observation 5: From UE’s perspective, MG ON/OFF dynamically switching will bring more challenges to UE scheduling and algorithm design.
Proposal 1: The pre-configured MGs is the legacy RRC configured MG which is a per-UE or per-FR gap and may be ON/OFF after BWP switch
Proposal 2: After the MG RRC configuration, no additional specific MAC/DCI procedure for activation is needed.
Proposal 3: Pre-configured MG can be implicit ON/OFF because both NW and UE should have the same understanding on BWP switch and MO configurations.
Proposal 4: RAN4 to focus on single carrier to define the basic procedure and requirement for pre-configured MG.
Proposal 5: When considering multiple BWP switch, the overall procedure for pre-configured MG is too complex. RAN4 to deprioritize the multiple CC scenarios and focus on single carrier in the 1st stage.
Proposal 6: Due to no dynamic coordination between MN and SN, the pre-configured MG mechanism is not applied in DC scenario.
Proposal 7: The pre-configured delay includes BWP switch delay with additional validation time. The validation time is 20ms.
Proposal 8: RAN4 defines requirement with at most one transition during one measurement period. No requirements for more than one transition in one measurement period.
Proposal 9: No new measurement delay and accuracy requirement for pre-configured MG needed to be defined. The intra-frequency measurement period and minimum transition requirement in Rel-15 can be reused.
Proposal 10: If the UE supports Rel-17 pre-configured gap capability and OFF the gap after BWP switch when no other frequency layer which needs gap is configured, then the UE can be scheduled during the gaps while meeting existing scheduling restriction requirements defined in TS 38.133.
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