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1. Introduction
In RAN4#98-bis-e Pre-MG design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the Pre-MG design with focus on the open issues listed in [1].
2. Discussion
The first issue we would like to discuss is the on the using scenario:
· Pre-configured MG for SSB measurements shall be configured.
· FFS whether the pre-configured MG shall be configured for PRS measurement:
· Option 1. Yes
· Option 2. No
· FFS whether the pre-configured MG shall be configured for CSI-RS L3 measurement:
· Option 1. Yes
· Option 2. No
Regarding the 2nd bullet, i.e. whether the pre-configured MG shall be configured for PRS measurement, we mentioned in the last RAN4#98-bis-e that PRS measurement can be done within Pre-MG. The condition is that if the Pre-MG is active, then UE can use it for PRS measurement. However, if Pre-MG becomes deactivated due to BWP switch, UE shall be expected to measure PRS without gap even if the PRS can be covered by UE active BWP. Such that the assumption in R16 that PRS is assumed to be measured within MG won’t be challenged.
[bookmark: _Ref71542600]Proposal 1: the assumption in R16 that PRS shall be measured within MG shall not be changed in this WI. 
[bookmark: _Ref71542603]Proposal 2: as long as the Pre-MG is active, it can be used for PRS measurement. If the Pre-MG becomes deactivated due to BWP switch, UE is not required to meet PRS measurement requirements. 
Regarding CSI-RS L3 measurement, RAN4 has clear definitions for CSI-RS based L3 intra and inter-frequency measurement. Note that in R16 intra-frequency L3 CSI-RS measurement is always without gap while inter-frequency measurement is always with gap.
A measurement is defined as a CSI-RS based intra-frequency measurement provided that:
-	the SCS of the CSI-RS resource of the neighbour cell configured for measurement is the same as the SCS of the CSI-RS resource on the serving cell indicated for measurement, and
-	the CP type of the CSI-RS resource of neighbour cell configured for measurement is the same as the CP type of the CSI-RS resource of the serving cell indicated for measurement, and
-	It is applied for SCS = 60KHz
-	the centre frequency of the CSI-RS resource of the neighbour cell configured for measurement is the same as the centre frequency of the CSI-RS resource of the serving cell indicated for measurement
A measurement is defined as a CSI-RS based inter-frequency measurement provided it is not defined as an intra-frequency measurement according to clause 9.10.2.
In DCI or timer-based BWP switching, due to the condition highlighted in yellow it is unlikely that after BWP switch the CSI-RS measurement would become inter-frequency measurement from intra-frequency measurement (vice versa). Because UE is still expected to measure CSI-RS resource from serving cell, which means the CSI-RS resource from serving cell shall still be covered by active BWP even after BWP switching. Since CSI-RS from neighbor cell has the same centre frequency as that from serving cell, UE shall also be able to measure neighbor CSI-RS without MG. In RRC based BWP switch this is possible, if network not only change the BWP, but also change the CSI-RS resource for measurement. In this case, UE needs to restart the measurement according to the new configuration and existing requirements can apply.
[bookmark: _Ref71542648]Observation 1: as long as the Pre-MG is active, it can be used for inter-frequency CSI-RS measurement. However, under R16 CSI-RS L3 measurement structure it is unlikely that CSI-RS measurement would become inter-frequency measurement from intra-frequency measurement (vice versa) after DCI or timer-based BWP switching.
The second issue is about the per-BWP configuration MG:
· Pre-configured MG(s) are configured per UE or per FR
· FFS if pre-configured MGs can be additionally configured per BWP
According to RAN4#98-bis-e discussion, majority prefer to reuse existing per-UE and per-FR MG design. We are fine with this. However, we would like to point out that we may also benefit from per-BWP configured MG pattern. For instance, as we know one of the main motivations of BWP switching is to allow power saving. When there is no huge data demand, UE can fall back to the “casual” BWP with e.g. less MIMO layers for power saving. When huge data packages come, NW would switch the UE back to the “busy” BWP. It would be beneficial to give NW flexibility to configure MGP with small MG overhead on “busy” BWP to focus on throughput but configure MGP with larger MG overhead to focus on mobility on “casual” BWP. 
[bookmark: _Ref71542606]Proposal 3: RAN4 can consider per-BWP MG configuration in the 2nd phase.
Another issue is how to configure the Pre-MG status:
· How pre-configured MGs can be configured:
· The common configuration parameters of pre-configured MG (e.g. MGRP, MGL, etc) which are same as these of Rel16 legacy MG can be configured by the similar way as the Rel16 legacy MGs
· FFS on the specific configuration parameters for the new aspects of pre-configured MG to be introduced, 
· One single bit (or flag) per BWP to indicate whether the pre-configured MG is ON or OFF when that BWP becomes active
·  Others are not precluded.
· FFS whether the pre-configured MG is activated or not after configuration completed
· Option 1: Activated by default
· Option 2: Not activated by default until being activated. 
· Option 3   Status of pre-configured MG is not fixed (no default status):
· Option 3a: Whether pre-configured MG activated or not depends on whether reference signal to measure is within the active BWP or not. 
· Option 3b: Network signals the status (activated or deactivated) when pre-configured MG is configured
· FFS on whether MG configuration can be changed after BWP switching 
· Option 1: Yes
· Option 2: No
· FFS on relation of pre-configured MG pattern and with the current RRC configured MG 
· Opiton 1. 
· The already configured P-MGP is transformed into legacy MGP (with same MGL/MGRP) if the UE is configured to measure on any carrier (e.g. inter-RAT) which always need gaps for performing the measurement.
· Network can transform an already configured P-MGP into legacy MGP with same MGL/MGRP or vice versa without deconfiguring the P-MGP
· Others
To increase readability of our specification, we prefer to introduce a flag to whether the pre-configured MG is ON or OFF when that BWP becomes active. Such that we don’t need to explicitly define complicated criteria in our specification. Even if we explicitly define criteria for this feature after spending a lot effort, it may need to be revisited in future as more and more measurement without MG may become possible, such as CSI-RS inter-frequency, PRS measurement and so on.
[bookmark: _Ref71542609]Proposal 4: introduce a flag to indicate whether the pre-configured MG is ON or OFF when that BWP becomes active.
Regarding whether the pre-configured MG is activated or not after configuration completed, if we agree to introduce the flag, then Pre-MG shall be considered as activated if the flag is ON. No extra delay is needed. This is similar with legacy MG configuration, i.e. after RRC configuration the MG is considered as activated without any addition activation delay.
[bookmark: _Ref71542613]Proposal 5: if the flag is ON, then the Pre-MG shall be considered as activated without additional activation delay after configuration. Otherwise, it is deactivated.
This also applies for the activation procedure during BWP switching:
· FFS on whether NW can fully control the pre-configured MG being activated/deactivated
· FFS on how pre-configured MGs can be activated/deactivated:
· Option 1 Autonomously/implicitly triggered by condition change
· Option1a Autonomously triggered by BWP switching DCI/timer but explicitly directed according to the pre-configured ON/OFF state/bit for the target BWP
· Option 2: If the use case of MG pattern change following BWP switch is considered, to activate/deactivate the pre-configured MG by the network indication
[bookmark: _Ref71542616]Proposal 6: NW can fully control the pre-configured MG being activated/deactivated. 
[bookmark: _Ref71542619]Proposal 7: pre-configured MGs can be activated/deactivated autonomously triggered by BWP switching DCI/timer but explicitly directed according to the pre-configured ON/OFF state/bit for the target BWP.
Regarding RRM related requirements:
· 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 2a 
· MG deactivation delay of [Y]ms is defined from the DCI of BWP switch is received to the earliest time instant when MG can be aborted.
· MG activation delay of [X]ms is defined from the completion of target BWP activation to the earliest time instant when a MG can be entered. 
· No requirements shall be defined for the measurements within the gaps during [Y] and/or [X]ms
· Option 2b The pre-configured delay includes BWP switch delay with additional validation time. The validation time is 20ms.
· Others
· 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
· Option2 : No need
· 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
· Option 1a: Existing scheduling restriction for RRM measurement without MG applies when pre-configured MG is deactivated
· FFS on UE behavior after deactivation of pre-configured MG
We believe some processing time is needed after BWP switching before we can apply MG for measurement. The processing time can be further discussed.
Regarding maximum number of transitions (N1,max) allowed for switching from gapless measurement procedure to gap-based measurement procedure during the ongoing measurement and maximum number of transitions (N2,max) allowed for switching from gap-based measurement procedure to gapless measurement procedure during the ongoing measurement, our view is if we can agree that the minimum requirement at transitions (e.g. take the longer one before and after BWP switching), then it may not be necessary to define N1,max and N2,max.
[bookmark: _Ref71542621]Proposal 8: if similar minimum requirement at transitions is agreed, i.e. measurement period follows the longer one before and after BWP switching, then it may not be necessary to define N1,max and N2,max.
As for MG patterns for Pre-MG patterns:
· FFS on MG patterns used for the pre-configured MG mechanism 
· 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.
We don’t have strong view on this. As mentioned in proposal 1 and 2, if the Pre-MG is activated then technically it can be used for PRS measurement. However, the purpose of configuring pattern #24 and #25 shall not be to enable gapless PRS measurement. The situation would become once UE needs to perform PRS measurement, NW shall switch the UE to the BWP configured with MG pattern #24 or #25. After PRS measurement is done, NW can switch the UE back to the BWP configured with no MG.
[bookmark: _Ref71542625]Proposal 9: it is feasible to consider MG pattern #24 and #25 for Pre-MG pattern. The use case can be once UE needs to perform PRS measurement, NW shall switch the UE to the BWP configured with MG pattern #24 or #25. After PRS measurement is done, NW can switch the UE back to the BWP configured with no MG.
3. Conclusion
In this contribution, we further discuss the Pre-MG design. After discussion, the following conclusions are provided:
Proposal 1: the assumption in R16 that PRS shall be measured within MG shall not be changed in this WI.
Proposal 2: as long as the Pre-MG is active, it can be used for PRS measurement. If the Pre-MG becomes deactivated due to BWP switch, UE is not required to meet PRS measurement requirements.
Observation 1: as long as the Pre-MG is active, it can be used for inter-frequency CSI-RS measurement. However, under R16 CSI-RS L3 measurement structure it is unlikely that CSI-RS measurement would become inter-frequency measurement from intra-frequency measurement (vice versa) after DCI or timer-based BWP switching.
Proposal 3: RAN4 can consider per-BWP MG configuration in the 2nd phase.	
Proposal 4: introduce a flag to indicate whether the pre-configured MG is ON or OFF when that BWP becomes active.
Proposal 5: if the flag is ON, then the Pre-MG shall be considered as activated without additional activation delay after configuration. Otherwise, it is deactivated.
Proposal 6: NW can fully control the pre-configured MG being activated/deactivated.
Proposal 7: pre-configured MGs can be activated/deactivated autonomously triggered by BWP switching DCI/timer but explicitly directed according to the pre-configured ON/OFF state/bit for the target BWP.
Proposal 8: if similar minimum requirement at transitions is agreed, i.e. measurement period follows the longer one before and after BWP switching, then it may not be necessary to define N1,max and N2,max.
Proposal 9: it is feasible to consider MG pattern #24 and #25 for Pre-MG pattern. The use case can be once UE needs to perform PRS measurement, NW shall switch the UE to the BWP configured with MG pattern #24 or #25. After PRS measurement is done, NW can switch the UE back to the BWP configured with no MG.
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