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1. Introduction
In RAN4#100-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
We will discuss the open issues following the order in the approved WF [1]
1) Whether can the pre-MG be used for PRS measurement?
· It is feasible to config Pre-MG for PRS measurements. 
· The exact configuration of Pre-MG used for PRS measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated 
· FFS if UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG.
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement
In our view it is necessary for UE to indicate serving cell about PRS measurement when it is configured with pre-MG, Note that it is important for UE to indicate serving cell when PRS measurement is finished. Otherwise, NW may still assume the pre-MG is ON even when UE is not performing PRS measurement anymore.
[bookmark: _Ref85446883]Proposal 1: UE shall always indicate serving cell about the PRS measurement when it is configured with pre-MG. 
[bookmark: _Ref85446886]Proposal 2: UE shall also indicate serving cell when PRS measurement is finished.

2) Whether can the pre-MG be used for CSI-RS L3 measurement?
· It is feasible to configure a Pre-MG for CSI-RS L3 inter-frequency measurement. 
· The exact configuration of Pre-MG used for CSI-RS L3 inter-frequency measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated 
It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for CSI-RS L3 inter-frequency
Similar with PRS measurement, CSI-RS L3 inter-frequency measurement is always with gap according to R16 CSI-RS L3 measurement design. However, the difference from PRS measurement is that CSI-RS L3 measurement can only be configured by the serving cell, such that NW shall always know whether there is CSI-RS L3 measurement in MO configuration. The outcome of assuming pre-MG is always same as configuring legacy gap. Since MO and MG are both configured and de-configured via RRC, we don’t see any benefit for NW to configure pre-MG for CSI-RS L3 inter-frequency measurement. In other word, if there is CSI-RS L3 inter-frequency measurement in MO configuration, NW can configure legacy MG in the same RRC signaling.
[bookmark: _Ref85446927]Observation 1: outcome of assuming pre-MG is always ON is same configuring legacy gap. If there is CSI-RS L3 inter-frequency measurement in MO configuration, NW can configure legacy MG in the same RRC signaling.
[bookmark: _Ref85446889]Proposal 3: no need to develop new mechanism for using pre-MG to perform CSI-RS L3 inter-frequency measurement.

3) Parameter to indicate the status (activation/deactivation) of Pre-MG at or during configuration  
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used.  
For the first FFS on signaling design, a simple way for single carrier case is to add a flay in BWP configuration to indicate the status (ON or OFF) of the Pre-MG. Detailed design can be up to RAN2. Note that for forward compatibility RAN2 may consider hybrid operation among pre-MG, concurrent gap and NCSG in RRC signaling design, even though RAN4 may not have enough time to finalize requirements.
[bookmark: _Ref85446892]Proposal 4: details of RRC signaling design for Pre-MG can be up to RAN2.
In case of CA, since there is an active BWP for every active serving cell and the flag indicating status of Pre-MG in each active BWP may be different. RAN4 should also discuss how to determine the status of pre-MG. Here are some possible solutions:
· Solution 1: as long as MG shall be activated according to any active BWP, then UE shall activate the MG.
· Solution 2: determine according to SpCell (i.e. PCell in CA or PSCell in DC)
[bookmark: _Ref85446897]Proposal 5: RAN4 should discuss how to determine the status of pre-MG. Here are some possible solutions:
· Solution 1: as long as MG shall be activated according to any active BWP, then UE shall activate the MG.
· Solution 2: determine according to SpCell (i.e. PCell in CA or PSCell in DC)
One thing we would like to highlight is about pre-MG in DC operation. So far the information exchange between MN and SN is RRC level. However, status change of pre-MG is in DCI or MAC-CE level, which is much faster than RRC level. Specifically, MN may have no idea whether the pre-MG in SN is ON or OFF, and vice versa. To resolve this problem, some enhancement on Xn interface may be needed, which may require a lot of standardization. It is unrealistic to finalize such enhancement in this work item considering the core part completion time is March 2022. A simple solution in this work item is to treat pre-MG as legacy gap in another node. For instance, as long as pre-MG is configured in MN, both SN and UE shall assume per-MG is always ON regardless the actual status of it in MN.
[bookmark: _Ref85446901]Proposal 6: in DC operation, if pre-MG is configured in node, UE and the other node shall assume per-MG is always ON regardless of the actual status.
The second FFS is whether MAC CE based activation/deactivation is needed. On possible use case is for PRS measurement. This is related to the first issue, i.e. how to use pre-MG for PRS measurement. PRS measurement can be triggered by LMF. In other word, it is somehow out of control of serving cell. Once UE needs to perform PRS measurement, UE shall indicate the serving cell. Then the serving cell may use MAC CE to activate the Pre-MG without changing any active BWP.
In our view, the concept of MAC-CE based pre-MG activation/deactivation is more or less the same as “transformation between pre-MG and legacy”, which was discussed in previous RAN4 meeting without any agreement. For instance, NW would simply configure pre-MG for UE to conduct gap-based RRM measurement on neighbor cell. Once UE needs to perform PRS measurement (as requested by LMF), UE shall indicate the serving cell. Then serving cell can transform the pre-MG into legacy gap via MAC-CE (or even DCI). Since RAN4 already agreed that all existing MG patterns #0~25 in Rel-16 are applicable for the pre-configured MG, no extra work is needed to study the mapping between legacy gap and pre-MG.
[bookmark: _Ref85446905]Proposal 7: MAC-CE based pre-MG activation/deactivation can be used for PRS measurement.
[bookmark: _Ref85446930]Observation 2: MAC-CE based pre-MG activation/deactivation is similar with transformation between pre-MG and legacy gap. RAN4 can consider introducing only one of these two approaches.

4) Additional explicit rules 
· The pre-configured MG activation/deactivation is triggered by the DCI/Timer based BWP switch 
· FFS if additional conditions for pre-configured MG activation/deactivation shall be considered 
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· 
· Additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used
It was agreed that on top of NW controlled activation/deactivation RAN4 may also define additional explicit rules for pre-configured MG autonomous activation/deactivation. The consequence is UE needs to implement both approaches. To simplify UE design, we would like to introduce UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms. 
Regarding the explicit rules, we can follow the existing conditions according to which both UE and NW can determine whether the measurement is gap based or gap-less.
[bookmark: _Ref85446908]Proposal 8: introduce UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms.
[bookmark: _Ref85446912]Proposal 9: existing conditions for gap-less measurement (including intra and inter-frequency measurement without gap) can be used to determine whether pre-MG should be OFF.

5) Activation/Deactivation Delay
 Additional transition time (T = TBD) on top of the BWP switching delay shall be included in the pre-configured MG activation/deactivation time.
This depends on UE implementation. In our estimation 3~5ms should be enough. On the other hand, it should not be longer than RRC processing delay, which is 10ms, since in legacy UE shall be able to finish MGP update within this RRC processing delay.
[bookmark: _Ref85446932]Observation 3: BWP switching delay + T shall not be longer than RRC processing delay (10ms in minimum).
[bookmark: _Ref85446917]Proposal 10: T = 3~5ms. 

6) Measurement period 
  FFS in the future meetings for the general principle to define the measurement period e.g.: 
· Applicability 
· Main components which shall be included in the measurement report period 
Others
If Pre-MG is ON, RAN4 can reuse existing gap-based measurement requirements (intra/inter, SSB/CSI-RS, PRS). If Pre-MG is OFF, RAN4 reuse existing gap-less requirements.

3. Conclusion
In this contribution, we further discuss the Pre-MG design. After discussion, the following conclusions are provided:
Proposal 1: UE shall always indicate serving cell about the PRS measurement when it is configured with pre-MG.
Proposal 2: UE shall also indicate serving cell when PRS measurement is finished.
Observation 1: outcome of assuming pre-MG is always ON is same configuring legacy gap. If there is CSI-RS L3 inter-frequency measurement in MO configuration, NW can configure legacy MG in the same RRC signaling.
Proposal 3: no need to develop new mechanism for using pre-MG to perform CSI-RS L3 inter-frequency measurement.
Proposal 4: details of RRC signaling design for Pre-MG can be up to RAN2.
Proposal 5: RAN4 should discuss how to determine the status of pre-MG. Here are some possible solutions:
· Solution 1: as long as MG shall be activated according to any active BWP, then UE shall activate the MG.
· Solution 2: determine according to SpCell (i.e. PCell in CA or PSCell in DC)
Proposal 6: in DC operation, if pre-MG is configured in node, UE and the other node shall assume per-MG is always ON regardless of the actual status.
Proposal 7: MAC-CE based pre-MG activation/deactivation can be used for PRS measurement.
Observation 2: MAC-CE based pre-MG activation/deactivation is similar with transformation between pre-MG and legacy gap. RAN4 can consider introducing only one of these two approaches.
Proposal 8: introduce UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms.
Proposal 9: existing conditions for gap-less measurement (including intra and inter-frequency measurement without gap) can be used to determine whether pre-MG should be OFF.
Observation 3: BWP switching delay + T shall not be longer than RRC processing delay (10ms in minimum).
Proposal 10: T = 3~5ms.
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