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Introduction
At RAN4 #98-e, the technical discussion on pre-configured measurement gap patterns as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements [1] was started. Agreements and open issues were captured in the WF [2]. 
Following agreements were reached and following items for further study were identified.

	Agreements
General procedures of pre-configured MG
Further study the following:
1. (Re)Configuration of the pre-configured MG
	FFS if specific procedure for activation after RRC configuration is needed
2. Activation of the pre-configured MG following a DCI or timer-based BWP switch
3. Deactivation of 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.
Others
· Pre-configured MGs are applicable in MR-DC scenario but are deprioritized. 
· Pre-configured MGs shall be considered as a part of multiple concurrent gap patterns framework in the 2nd stage (i.e. in later core specification phase after RAN4 #100).
· No new interruption requirements are introduced by pre-configured MGs.



	Items for further study
Configuration procedure 
1) 	Configuration of pre-defined MGs: 
· option 1: per BWP 
· option 2: per-UE/per-FR
2) 	Relation of pre-configured MG pattern with current RRC configured 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
· option 2: Pre-configured MG is the RRC configured MG in Rel-15, and it may be ON/OFF after BWP switch.
Activation/Deactivation procedures 
· 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 

Using scenarios 
· 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.

RRM requirements with Pre-configured MGs
· FFS on activation/deactivation delay
· Option 1: No separated activation delay for the pre-configured MG activation/deactivation
· Option 2: some transition time (DT) 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

Gap patterns for pre-configured MGs
· 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


This contribution provides our view on some of the above open issues. 
Discussion
Design of general procedures for use of pre-configured MG 
Regarding the general procedures for use of pre-configured MG, we prefer a flexible approach is taken, that is the procedures can support single MGP or multiple concurrent MGPs as well as implicit NCSG. Although this has been agreed to be investigated within a framework with multiple concurrent MGPs only in stage 2, this should be already taken into account in stage 1. 
The design of general procedures for use of pre-configured MG should take into account single MGP and multiple concurrent MGPs as well as implicit NCSG.
Aside flexibility, a key aspect is the signalling robustness of the procedures as stated in [3]. 
In legacy, all measurement gap configurations (including gap activations) are done using RRC signalling. Measurement gaps are configured by network based on the need from network side to have the UE to perform e.g. inter-frequency measurements for the purpose of mobility or setting up CA/DC. The need for such measurements and results has been more semi-static and therefore RRC control was good enough. Additional aspect is that the RRC signalling is seen as being very robust. Robustness is an important factor when configuring (or removing) measurements gaps as failures in gap configurations can have severe system impact.
In NR Rel-15, RRC signalling for configuring and activating measurement gaps has been used due to signalling robustness.
If the measurement gap configurations in legacy case were not robust, it could lead to the situation where the network has configured the UE with a MGP and assumes that the UE has activated the MGP. Using a typical example of using GP#0, the UE has a gap every 40 ms with MGL of 6 ms. When a GP has been configured to a UE this would be accounted in the network scheduler and the UE would not be scheduled during the measurement gap (plus accounting the scheduling restrictions before and after the gap). If the gap configuration failed due to e.g. signalling error, the UE would then not apply gaps. In this case the UE will still not be scheduled (as network assumes UE has gaps active) and UE will suffer in terms of inefficient data scheduling and unnecessary power consumption.
Same can of course happen if the network de-configures measurement gaps. In this case the network will observe ‘strange’ behaviour from UE in terms of unreliable link and lot of lost scheduling, since the UE still employs measurement gaps. 
Errors in measurement gap configuration can have significant negative UE and system impact.
Hence, it is important that changes in the measurement gaps applied by the UE are signalled in a robust way.
It is important that changes in the measurement gaps are signalled in a robust way.
Based on these important system observations, our view is that RAN4 need to account for robustness of the gap changes when evaluating and agreeing on activation/deactivation of MG pattern(s) without using RRC signalling.
[bookmark: _Hlk61638681]RAN4 need to account for robustness of the measurement gap changes when evaluating and agreeing on activation/deactivation of MG pattern(s) without using RRC signalling.
Configuration Procedure 
Regarding configuration of pre-configured MG patterns, we assume that the basic gap configuration is still performed using RRC signalling as currently done. Hence the legacy approach is followed reusing per-UE and per-FR gap support. For NR Rel-15, only one MG pattern (per-UE or per-FR gap) is configured and applied to UE, i.e. it is setup or released, without consideration on active BWP or not. For pre-configured MG patterns in Rel-17, supporting fast (de-) activation of MGPs following BWP switch, it is desirable to support different measurement configurations with one or more MGPs per BWP depending on the active BWP, for instance for different measurement purposes, e.g. one MGP is designated for SSB monitoring while another one is used for positioning measurements. Hence both options, as depicted in section 1 are applicable. The configuration of pre-configured MGPs should be done by RRC signalling with appropriate message extensions, as outlined below. 
Current RRC signalling message for configuring pre-configured MG pattern (i.e. RRC reconfiguration command) shall be used and is extended to include one or more MGPs per BWP used for per-UE or per-FR gap support. 
Hence this could be realized with only little impact to MG configuration in the RRC signalling (e.g. in RRCReconfiguration and RRCResume messages) due to the message extension (pending RAN2 design). When pre-configured MG patterns are configured via RRC signalling, they are not activated at the same time of configuration as in the legacy. It rather means that each pre-configured MGP included in the MG configuration information is inactive at the time of configuration and requires subsequent activation.
When pre-configured MG patterns are configured via RRC signalling, they are not activated at the same time of configuration.
Activation and Deactivation of MG pattern
For activating or deactivating a measurement gap pattern, there are basically two options:
· MAC signalling (e.g. MAC CE)
· DCI (including DCI timer)
Both options ensure fast signalling compared against RRC signalling. However as discussed above, one of the important aspects when discussing which method to use, would be the robustness of the particular method. 
RAN4 to consider the robustness of the mechanisms for activation and deactivation of MG pattern when recommending the method to be used.
Robustness will be a key for enabling success of the faster activation and deactivation in the field.
As a starting point we propose RAN4 to use consider following parameters:
· MGP change latency (how long time it takes the UE to account a MGP change), 
· MGP change robustness (compared to existing baseline),
· Impact on measurement latency (e.g. possible impact on the UE measurement period for ongoing measurements),
· Impact on cell detection latency (e.g. possible impact on the UE cell detection delay for ongoing cell detection).
Other evaluation parameters can be included as needed. Based on analysing each of the above mechanism RAN4 would be able to decide which mechanism.
MGP change delay
When evaluating the MGP change delay this would be done by evaluating and agreeing on the minimum UE minimum delay we can agree on in RAN4. Hence, the evaluation should be based on the on agreed latency values for setting up a new MG, change of MG and removing a MG. 
MGP change delay shall be evaluated based on realistic latencies.
We would expect that such delays would be similar to already defined delays defined for applying MAC settings if MAC message is used, or delays already defined for applying DCI based changes (e.g. BWP change)
No additional separate delay is needed for activating a preconfigured MGP.
No separate additional delay is needed for deactivating a preconfigured MGP.
MGP change robustness
Evaluating the robustness of the MGP change method it should be feasible to re-use the existing signalling robustness assumptions. Hence, MAC based MG change mechanism there is the signalling loss probability as well as the HARQ protection. For DCI based change mechanism the robustness would be the existing estimated DCI loss probability. 
Robustness shall be evaluated including the final signal loss probability.
Impact on latency
Here RAN4 need to analyse and evaluate, under realistic assumption, the possible impact on cell detection and measurement latencies, when UE is requested to setup a GP, change between GP and teardown a GP. The aspect to analyse and identify here would be if a change in MGP would have a negative impact on the existing ongoing cell detection and/or measurements possibly already ongoing (already performed). E.g. would assigning a new GP to a UE lead to existing detected cells would need to be re-verified, would it lead to a reset in UE measurements or measurements etc.
These aspects are clearly important as any additional delay can impact how the feature can be used and would be used in the field. If for example a change in MGP would lead to that the UE would need to re-detect already detected cells or lead to resetting of the measurement period, this would clearly limit the how often a MGP realistically can be changed.
Analyse and evaluate, under realistic assumption, the possible impact on ongoing cell detection from a change in MGP.
Analyse and evaluate, under realistic assumption, the possible impact on the latency of ongoing measurements from a change in MGP.
Network controlled usage of MG patterns
In NR Rel-15, up to 4 BWPs can be configured for UE by one RRC Reconfiguration message, where the MG configuration is common and applies to all BWPs. As pre-configured MG patterns are suited to address different measurement purposes, such as intra-frequency, inter-frequency and inter-RAT measurements, including positioning measurements, it is preferable from network perspective to configure one or more MG patterns per BWP suited for these measurements and to ensure network controlled operation of the MG patterns through explicit activation/deactivation. 
There against autonomous/implicit activation / deactivation of the MG pattern following a BWP switch, e.g. based on the knowledge whether the active BWP covers SSB or not for intra-frequency measurements, is an inferior solution, as it does not offer any flexibility than using the common MG pattern and does not provide full network control of the MG pattern usage. For instance, in case the network determines to change the MG pattern in the active BWP for another measurement purpose, then it has to use RRC signalling in order to provide the new MG pattern configuration to the UE. The lack of flexibility in MG configuration and activation as well as the lack of full network control of the MG pattern usage should be avoided when defining the procedures for pre-configured MG pattern support. 
RAN 4 to define procedures for pre-configured MG pattern support, which provide flexibility and full network control related to MG pattern usage.
Pre-configured MG patterns for CA and DC
Regarding use of pre-configured MG patterns for CA with BWP switch, single CC should be in the focus, i.e. we prefer option 2 in section 1. Discussions related to CA with multiple CCs as well as to DC can follow. 
RAN4 to focus on single CC for the work on pre-defined MG patterns.
Number of Pre-configured MG patterns
Regarding the reuse of existing MG patterns for use as pre-configured MG pattern, all MGPs defined up to Rel-16 should be considered, i.e. we prefer option 2 in section 1. 
RAN4 to consider MG patterns #0-#25 for use as pre-configured MG pattern. 
Per-UE / Per-FR pre-configured MG pattern applicability
Regarding the applicability of per-UE and per-FR measurement gaps, the same distinction should apply for preconfigured MG patterns as for legacy MG patterns in Rel-16, i.e. we prefer option 1 in section 1. 
RAN4 to specify the same per-UE / Per-FR applicability for pre-configured MG patterns as for legacy MG patterns in Rel-16. 
Transitions between gapless and gap-based measurement 	procedures
Regarding transitions between gapless and gap-based measurement procedures during measurement period for ongoing measurements, we cannot agree to option 1, i.e. to limit the number of transitions during ongoing measurements. In our view, how the network is operated, i.e. how often it changes BWP, cannot be restricted, and it is not part of the RAN4 work. However, it can be discussed if UE requirements for certain scenarios need to be defined.
RAN4 not to specify maximum number of transitions between gapless and gap-based measurement procedures for ongoing measurements. 
Scheduling restrictions
Regarding scheduling restrictions for pre-configured MG patterns, when MG is not needed, i.e. it is deactivated, and no other MG is required, usual scheduling restrictions as defined in TS 38.133 apply. Thus, we support option 1 in section 1. 
Current scheduling restrictions in TS 38.133 apply in case the UE does not require pre-configured or legacy measurement gaps. 
Conclusion
In last RAN4 meeting, the technical discussion on pre-configured measurement gap patterns as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements [1] was started. Agreements and open issues were captured in the WF [2]. In this paper, we discuss the various open issues, make observations and list a number of proposals.  
We observed:
1. 	In NR Rel-15, RRC signalling for configuring and activating measurement gaps has been used due to signalling robustness.
1. 	Errors in measurement gap configuration can have significant negative UE and system impact.
1. 	It is important that changes in the measurement gaps are signalled in a robust way.
Following proposals are made, which we see necessary to be considered in the discussion to ensure that a practically usable feature will be developed:
1. The design of general procedures for use of pre-configured MG should take into account single MGP and multiple concurrent MGPs as well as implicit NCSG.
RAN4 need to account for robustness of the measurement gap changes when evaluating and agreeing on activation/deactivation of MG pattern(s) without using RRC signalling.
Current RRC signalling message for configuring pre-configured MG pattern (i.e. RRC reconfiguration command) shall be used and is extended to include one or more MGPs per BWP used for per-UE or per-FR gap support. 
When pre-configured MG patterns are configured via RRC signalling, they are not activated at the same time of configuration.
RAN4 to consider the robustness of the mechanisms for activation and deactivation of MG pattern when recommending the method to be used.
MGP change delay shall be evaluated based on realistic latencies.
No additional separate delay is needed for activating a preconfigured MGP.
No separate additional delay is needed for deactivating a preconfigured MGP.
Robustness shall be evaluated including the final signal loss probability.
Analyse and evaluate, under realistic assumption, the possible impact on ongoing cell detection from a change in MGP.
Analyse and evaluate, under realistic assumption, the possible impact on the latency of ongoing measurements from a change in MGP.
RAN 4 to define procedures for pre-configured MG pattern support, which provide flexibility and full network control related to MG pattern usage.
RAN4 to focus on single CC for the work on pre-defined MG patterns.
RAN4 to consider MG patterns #0-#25 for use as pre-configured MG pattern. 
RAN4 to specify the same per-UE / Per-FR applicability for pre-configured MG patterns as for legacy MG patterns in Rel-16. 
RAN4 not to specify maximum number of transitions between gapless and gap-based measurement procedures for ongoing measurements.
Current scheduling restrictions in TS 38.133 apply in case the UE does not require pre-configured or legacy measurement gaps. 
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