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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]. After that, we also provide discussion on the LS from RAN2 [2].
2. Discussion
2.1 Open issues in RAN4#101e
We will discuss the open issues following the order in the approved WF [1]
1) Using of pre-configured MG for CA
· In this meeting, RAN4 continue focus on the single carrier case and evaluate the additional working efforts to support the CA case with pre-configured MG activation/deactivation based on BWP switching on a single CC
· The companies are encouraged to bring the analysis and concrete solutions of pre-MG under CA case with activation/deactivation based on BWP switching on a single CC in R4#101e-b.
· By the end of R4#102e (Feb, 2022), if the problems on pre-MG under CA case with activation/deactivation based on BWP switching on a single CC can’t be resolved in RAN4, by default they will be deferred to further release.
Since CA has been widely used in the field, Pre-MG would become less attractive if it cannot be used when CA is configured. Therefore, we propose to consider CA in this release.
Regarding how to determine the status of Pre-MG in CA, there are several candidate options, such as:
· Case 1: for network-controlled Pre-MG activation/deactivation
· For UE support per-FR gap: Pre-MG in each frequency range shall be activated if the Pre-MG indication in the active BWP of any active serving cell in the same frequency range indicates Pre-MG is ON. Otherwise, Pre-MG shall be deactivated. 
· For UE only support pre-UE gap: Pre-MG shall be activated if the Pre-MG indication in the active BWP of any active serving cell indicates Pre-MG is ON. Otherwise, Pre-MG shall be deactivated.
· Note: there is no active BWP for deactivated SCell. It doesn’t need to be considered (effectively saying the Pre-MG indication is OFF). The reason is according to current spec, gap is not needed for measurement on deactivated SCC. Instead, the measurement is interruption-based according to TS38.133 clause 8.2. 
· Case 2: for UE autonomous activation/deactivation
· For UE support per-FR gap: Pre-MG in each frequency range shall be activated if any of the MO configured in the same frequency range requires measurement gap. Otherwise, Pre-MG shall be deactivated. 
· For UE only support pre-UE gap: Pre-MG shall be activated if any of the configured MO requires measurement gap. Otherwise, Pre-MG shall be deactivated. 
· Note: for each MO, gap is deemed not required if any of the following conditions is met. Otherwise, gap is deemed required.
· conditions in intra-frequency SSB based measurements without measurement gaps (section 9.2.1) are met.
· conditions in inter-frequency SSB based measurements without measurement gaps (section 9.3.1) are met.
· conditions in CSI-RS based intra-frequency measurement are met.
[bookmark: _Ref91839118]Proposal 1: Pre-MG in CA shall be considered in R17.
[bookmark: _Ref91844732]Proposal 2: to determine the status of Pre-MG:
· Case 1: for network-controlled Pre-MG activation/deactivation
· For UE support per-FR gap: Pre-MG in each frequency range shall be activated if the Pre-MG indication in the active BWP of any active serving cell in the same frequency range indicates Pre-MG is ON. Otherwise, Pre-MG shall be deactivated. 
· For UE only support pre-UE gap: Pre-MG shall be activated if the Pre-MG indication in the active BWP of any active serving cell indicates Pre-MG is ON. Otherwise, Pre-MG shall be deactivated.
· Note: there is no active BWP for deactivated SCell. It doesn’t need to be considered (effectively saying the Pre-MG indication is OFF). The reason is according to current spec, gap is not needed for measurement on deactivated SCC. Instead, the measurement is interruption-based according to TS38.133 clause 8.2. 
· Case 2: for UE autonomous activation/deactivation
· For UE support per-FR gap: Pre-MG in each frequency range shall be activated if any of the MO configured in the same frequency range requires measurement gap. Otherwise, Pre-MG shall be deactivated. 
· For UE only support pre-UE gap: Pre-MG shall be activated if any of the configured MO requires measurement gap. Otherwise, Pre-MG shall be deactivated. 
· Note: for each MO, gap is deemed not required if any of the following conditions is met. Otherwise, gap is deemed required.
· conditions in intra-frequency SSB based measurements without measurement gaps (section 9.2.1) are met.
· conditions in inter-frequency SSB based measurements without measurement gaps (section 9.3.1) are met.
· conditions in CSI-RS based intra-frequency measurement are met.

2) How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration  
· Besides the per BWP indication, no additional explicit signalling is needed to indicate the initial pre-MG activation/deactivation status at or during pre-MG being configured.  
· FFS on initial status (activation/deactivation) of Pre-MG is determined based on the same rules used for autonomous activation/deactivation of Pre-MG.
The FFS part shall be confirmed. It applies when network doesn’t provide the activation/deactivation indication to the UE which supports autonomous activation/deactivation of Pre-MG. This is somehow related to when UE shall check the activation/deactivation criteria. In our understanding, RRC configuration of Pre-MG is just one of the events when UE shall check the activation/deactivation criteria. Therefore, the initial status (activation/deactivation) of Pre-MG shall be determined based on the same rules used for autonomous activation/deactivation of Pre-MG.
[bookmark: _Ref91844744]Proposal 3: when network provides the activation/deactivation indication to the UE which supports network-controlled activation/deactivation of Pre-MG, the initial status (activation/deactivation) of Pre-MG shall be determined based on Pre-MG status indication of the active BWP.
[bookmark: _Ref91844755]Proposal 4: when network doesn’t provide the activation/deactivation indication to the UE which supports autonomous activation/deactivation of Pre-MG, the initial status (activation/deactivation) of Pre-MG shall be determined based on the same rules used for autonomous activation/deactivation of Pre-MG.

3) The exact configuration of Pre-MG used for PRS measurement in Rel16
· Pre-MG shall be always activated, if PRS measurement in Rel16 is configured with it. 
· FFS on whether and how should UE indicate serving cell about the PRS measurement when pre-MG is used for Rel16 PRS measurement
As we all know, existing RRC procedure design already allows UE to inform serving gNB when it starts or completes the location procedure, i.e. in Location measurement indication procedure. However, according to current spec TS38.305, UE is also allowed NOT to trigger this procedure:
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As yellowed highlighted above, UE may not trigger this if the gap has already been configured, e.g. for inter-frequency measurement, before UE receiving the LPP message. The problem is if the configured gap is Pre-MG, the gap may be deactivated from time to time. Note that the activation/deactivation of Pre-MG is much faster than RRC procedure. Therefore, we suggest adding some clarification on TS38.305 that UE shall trigger location measurement indication procedure when starting or completing location measurement if Pre-MG is being used. Since TS38.305 is maintained by RAN2, we propose to inform RAN2.
Observation 1: according to existing TS38.305, UE is allowed not to trigger location measurement indication procedure after receiving LPP message from an LMF requesting location measurement. 
[bookmark: _Ref91844760]Proposal 5: inform RAN2 that UE shall trigger location measurement indication procedure when starting or completing location measurement if Pre-MG is being used. 

4) Rules of for UE autonomous Pre-MG activation/deactivation 
“Rules of for UE autonomous Pre-MG activation/deactivation shall be: 
· The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· adding/removing any measurement object(s): FFS
· adding/releasing/changing SCell(s): FFS
· activating/de-activating any Scell(s):FFS
· LPP positioning request: FFS
· And the general applicability rules for measurement gap for SSB, CSI-RS L3, Rel16 PRS in TS38.133
· If MG is not required by any of the configured measurements, the MG is deactivated e.g. when.
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWP.
· If MG is required by one or more of the configured measurements, the MG is activated e.g. when:
· the UE is configured with at least CSI-RS measurements or,
· the UE is configured with at least PRS measurements or ,
· the UE is configured with only SSB measurements, and one of the measured SSBs is not fully within the BW of the active BWPs or.
· the UE is configured with at least inter-RAT measurements.
Notes: Exact way to capture the rules for UE autonomous Pre-MG activation/deactivation can be discussed based on the CR

We are fine to discuss the rules on the CR. However, it is also important for companies to reach consensus first, such as on the trigger events. BWP switching is the main target of this objective. Thus, it is straightforward that UE shall check the rules once BWP switching occurs. Besides, other functionalities which may result in change of need of gap also need to be considered for completion, even though they are not the main target originally. 
[bookmark: _Ref91844767]Proposal 6: Rules of for UE autonomous Pre-MG activation/deactivation shall be: 
· The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· adding/removing any measurement object(s)
· adding/releasing/changing SCell(s)
· activating/de-activating any Scell(s)
· LPP positioning request

5) The additional transition time for Activation/Deactivation Delay 
	Can be FFS and decided in the next meeting:
· Option 1: 5ms 
· Option 2 :T=10ms – BWP switch delay


The issue highly depends on UE implementation. In our rough estimation 3~5ms is enough and we supported option 1 in the previous meeting. For the sake of progress, we are also fine with option 2, especially for type 2 UE the difference between two options is not that significant.
[bookmark: _Ref91844775]Proposal 7: regarding the additional transition time for Activation/Deactivation Delay, we prefer option 1 but can also compromise to option 2:
· Option 1: 5ms 
· Option 2 :T=10ms – BWP switch delay


2.2 RAN2 incoming LS
RAN2 approved an LS [2] in RAN2#116e on Pre-MG:
	RAN2 thanks RAN4 for the LS on pre-configured MG. Following discussion RAN2 has made the following agreements:
At least case 5 is supported for pre-configured gap. FFS for case 4.
Case 4: NW signals the pre-configured gap (A+B in Q1) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching
Case 5: NW signals the pre-configured gap (A in Q1) via RRC, then UE determines whether the pre-configured gap should be activated or not upon BWP switching.  For example, if it is overlapped with SSB, then pre-configured gap is deactivated, otherwise it is activated.
RAN2 hasn't seen any usefulness of MAC-CE based activation/deactivation and prefers to not support it.

Reference to A and B are as follow:
-	A) measurement gap configuration parameters such as MGRP, MGL etc
-	B) MG status (active/de-active) per BWP
In addition, RAN2 would like to ask RAN4 for some clarifications on supporting of pre-configured MG.
Questions to RAN4:
· Q1: Can FR1 gap and FR2 gap be configured simultaneously for pre-configured gap? Is the following operation supported?
· pre-configured FR1 gap + pre-configured FR2 gap
· Q2: Can legacy gap and pre-configured gap be configured simultaneously? For example, without considering concurrent gap, are the following operations supported?
· legacy FR1 gap + pre-configured FR2 gap
· legacy FR2 gap + pre-configured FR1 gap
· One legacy per-UE gap + One pre-configured per-UE gap
· One legacy per-UE gap + pre-configured FR1 gap and/or pre-configured FR2 gap


Regarding RAN2 conclusion on case 4 (FFS), we would like to highlight that case 4 has already been agreed in RAN4 and corresponding RRM requirements will be defined in RAN4. RAN4 shall suggest RAN2 to consider case 4. 
As for RAN2 question 1, pre-configured FR1 gap + pre-configured FR2 gap is supported according to RAN4 design. As for RAN2 question 2, RAN4 requirements can cover the first two bullets. However, RAN4 may not define requirements for all above combos. Nevertheless, RAN2 is encouraged to consider them in RRC design considering forward compatibility. 
[bookmark: _Ref91844798]Proposal 8: RAN4 shall suggest RAN2 to consider case 4:
· Case 4: NW signals the pre-configured gap (A+B in Q1) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching
[bookmark: _Ref91844817]Proposal 9: RAN4 answers to questions from RAN2:
· Q1: Can FR1 gap and FR2 gap be configured simultaneously for pre-configured gap? Is the following operation supported?
· pre-configured FR1 gap + pre-configured FR2 gap
[RAN4 response]: pre-configured FR1 gap + pre-configured FR2 gap is supported.
· Q2: Can legacy gap and pre-configured gap be configured simultaneously? For example, without considering concurrent gap, are the following operations supported?
· legacy FR1 gap + pre-configured FR2 gap
· legacy FR2 gap + pre-configured FR1 gap
· One legacy per-UE gap + One pre-configured per-UE gap
· One legacy per-UE gap + pre-configured FR1 gap and/or pre-configured FR2 gap
[RAN4 response]: RAN4 requirements can cover the first two bullets. However, RAN4 may not define requirements for all above combos. Nevertheless, RAN2 is encouraged to consider them in RRC design considering forward compatibility.

3. Conclusion
In this contribution, we further discuss the Pre-MG design. After discussion, the following conclusions are provided:
Proposal 1: Pre-MG in CA shall be considered in R17.
Proposal 2: to determine the status of Pre-MG:
· Case 1: for network-controlled Pre-MG activation/deactivation
· For UE support per-FR gap: Pre-MG in each frequency range shall be activated if the Pre-MG indication in the active BWP of any active serving cell in the same frequency range indicates Pre-MG is ON. Otherwise, Pre-MG shall be deactivated. 
· For UE only support pre-UE gap: Pre-MG shall be activated if the Pre-MG indication in the active BWP of any active serving cell indicates Pre-MG is ON. Otherwise, Pre-MG shall be deactivated.
· Note: there is no active BWP for deactivated SCell. It doesn’t need to be considered (effectively saying the Pre-MG indication is OFF). The reason is according to current spec, gap is not needed for measurement on deactivated SCC. Instead, the measurement is interruption-based according to TS38.133 clause 8.2. 
· Case 2: for UE autonomous activation/deactivation
· For UE support per-FR gap: Pre-MG in each frequency range shall be activated if any of the MO configured in the same frequency range requires measurement gap. Otherwise, Pre-MG shall be deactivated. 
· For UE only support pre-UE gap: Pre-MG shall be activated if any of the configured MO requires measurement gap. Otherwise, Pre-MG shall be deactivated. 
· Note: for each MO, gap is deemed not required if any of the following conditions is met. Otherwise, gap is deemed required.
· conditions in intra-frequency SSB based measurements without measurement gaps (section 9.2.1) are met.
· conditions in inter-frequency SSB based measurements without measurement gaps (section 9.3.1) are met.
· conditions in CSI-RS based intra-frequency measurement are met.
Proposal 3: when network provides the activation/deactivation indication to the UE which supports network-controlled activation/deactivation of Pre-MG, the initial status (activation/deactivation) of Pre-MG shall be determined based on Pre-MG status indication of the active BWP.
Proposal 4: when network doesn’t provide the activation/deactivation indication to the UE which supports autonomous activation/deactivation of Pre-MG, the initial status (activation/deactivation) of Pre-MG shall be determined based on the same rules used for autonomous activation/deactivation of Pre-MG.
Proposal 5: inform RAN2 that UE shall trigger location measurement indication procedure when starting or completing location measurement if Pre-MG is being used.
Proposal 6: Rules of for UE autonomous Pre-MG activation/deactivation shall be:
· The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· adding/removing any measurement object(s)
· adding/releasing/changing SCell(s)
· activating/de-activating any Scell(s)
· LPP positioning request
Proposal 7: regarding the additional transition time for Activation/Deactivation Delay, we prefer option 1 but can also compromise to option 2:
· Option 1: 5ms 
· Option 2 :T=10ms – BWP switch delay
Proposal 8: RAN4 shall suggest RAN2 to consider case 4:
· Case 4: NW signals the pre-configured gap (A+B in Q1) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching
Proposal 9: RAN4 answers to questions from RAN2:
· Q1: Can FR1 gap and FR2 gap be configured simultaneously for pre-configured gap? Is the following operation supported?
· pre-configured FR1 gap + pre-configured FR2 gap
[RAN4 response]: pre-configured FR1 gap + pre-configured FR2 gap is supported.
· Q2: Can legacy gap and pre-configured gap be configured simultaneously? For example, without considering concurrent gap, are the following operations supported?
· legacy FR1 gap + pre-configured FR2 gap
· legacy FR2 gap + pre-configured FR1 gap
· One legacy per-UE gap + One pre-configured per-UE gap
· One legacy per-UE gap + pre-configured FR1 gap and/or pre-configured FR2 gap
[RAN4 response]: RAN4 requirements can cover the first two bullets. However, RAN4 may not define requirements for all above combos. Nevertheless, RAN2 is encouraged to consider them in RRC design considering forward compatibility.
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7411 Location Measurement Indication

The location measurement indication procedure is used by the UE to request measurement gaps for OTDOA RSTD
measurements, for subframe and slot timing detection for inter-RAT E-UTRA RSTD measurements, or for NR DL-PRS
measurements.

UE aNB

1. RRC Location Measurement Indication
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2. RRC Location Measurement Indication
(stop)

Figure 7.4.1.1-1: Location measurement indication procedure

Precondition: The UE served by a gNB has received a LPP message from an LMF requesting inter-RAT RSTD
measurements for OTDOA positioning or NR DL-PRS measurements.

1. If the UE requires measurement gaps for performing the requested location measurements while measurement
ﬁ or if the UE needs gaps to acquire the subframe and slot timing
of the target E-UTRA system before requesting measurement gaps for the inter-RAT RSTD measurements (see
TS 38.133 [32], the UE sends an RRC Location Measurement Indication message to the serving gNB. The
message indicates that the UE is going to start location measurements, or that the UE is going to acquire
subframe and slot timing of the target E-UTRA system, and includes information required for the gNB to
configure the appropriate measurement gaps. When the gNB has configured the required measurement gaps the
UE performs the location measurements or timing acquisition procedures.

2. When the UE has completed the location procedures which required measurement gaps, the UE sends another
RRC Location Measurement Indication message to the serving gNB. The message indicates that the UE has
completed the location measurements or timing acquisition procedures.




