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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 WF for Pre-MG was approved [1]. In this paper, we continue to discuss the open issues in the following sub-topics.
· Using scenarios
· Activation/Deactivation procedures
· RRM requirements
· Reply to RAN2 LS
2 [bookmark: _Ref54117246]Using scenarios
Open issues captured in [1] are duplicated below:
	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.



RAN4 already agreed 2 mechanisms for the activation and de-activation of pre-MG. One is based on the network-controlled per-BWP RRC indication, and the other is based on UE autonomous rule. In our view, both mechanisms can be straightforwardly extended to CA case (with BWP switching on only one single CC).
· Mechanism #1 (network-controlled per-BWP RRC indication): In this mechanism, we think the FFS points in Issue#2-1a of [1] should be agreeable, i.e., 
· When configured with per-UE gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one or more of the CCs is ON, and assume the gap is OFF only if the pre-MG status of active DL BWPs in all CCs are OFF. 
· When configured with per-FR gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one or more of the CCs in the same FR is ON, and assume the gap is OFF only if the pre-MG status of active DL active DL BWP in all CCs in the same FR are OFF. 
For an example, UE is configured with 2 CCs. Each has 2 BWPs. Network indicates pre-MG status ON in the BWP#1 of both CCs and pre-MG status OFF in the BWP#2 of both CCs. Although the indication is per-BWP (as a result, per-CC), but the gap status should still be per-UE (or per-FR). Therefore, both network and UE need to implement some logic calculation. Table 1 gives a simple illustration on how to determine the per-UE pre-MG status based on the status of BWPs in 2 CCs. 
[bookmark: _Ref78620139]Table 1 Per-UE pre-MG status based on the status of BWPs in 2 CCs
	CC#1
	CC#2
	Per-UE pre-MG status

	BWP#1 --> ON
	BWP#1 --> ON
	ON

	BWP#1 --> ON
	BWP#2 --> OFF
	ON

	BWP#2 --> OFF
	BWP#1 --> ON
	ON

	BWP#2 --> OFF
	BWP#2 --> OFF
	OFF


· Mechanism #2 (UE autonomous rule): In our understanding, the agreement in Issue #2-2 of [1] can already be applicable to multiple CC case. Below, we take pre-UE MG as an example, while the extension to per-FR MG is straightforward.
· If a pre-UE MG is not required by any of the configured measurements, the MG is OFF, e.g., when
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWPs. 
· If a pre-UE MG is required by one or more of the configured measurements, the MG is ON, 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.
[bookmark: _Ref91538456]Proposal 1: For network-controlled per-BWP RRC indication mechanism under CA case:
· When configured with per-UE gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, and assume the gap is OFF only if the pre-MG status of active DL BWPs in all CCs are OFF. 
· When configured with per-FR gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs in the same FR is ON, and assume the gap is OFF only if the pre-MG status of active DL active DL BWP in all CCs in the same FR are OFF
[bookmark: _Ref91580630][bookmark: _Ref91538626]Proposal 2: For UE autonomous mechanism under CA case:
· If a per-UE MG is not required by any of the configured measurements, the MG is OFF, e.g., when
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWPs.
· If a per-UE MG is required by one or more of the configured measurements, the MG is ON, 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.
3 Pre-MG configuration
Open issues captured in [1] are duplicated below:
	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 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



In our understanding, there is no need to specify any additional rule for the initial status of a pre-MG. For network-controlled per-BWP RRC indication mechanism, UE will check the single bit indication of its current active BWP. For UE autonomous rule, UE will also check the rule in Proposal 2. After checking, the gap status can be directly determined. Any additional indication of the initial status seems redundant. 
[bookmark: _Ref91581995]Proposal 3: There is no need to specify any additional rules for initial status indication of pre-MG. Existing network-controlled per-BWP RRC indication and UE autonomous rules are already sufficient.

Regarding pre-MG for PRS measurement, the problem is that gNB is not aware of when the PRS measurement will be started, which makes it difficult to use pre-MG for PRS measurement. In our view, the issue could be resolved by existing mechanism. The UE will send the LocationMeasurementIndication message to indicate what gap pattern it needs, and this message can be re-used as the indication from UE about the start of PRS measurement.
[bookmark: _Ref91581997]Proposal 4: Re-using LocationMeasurementIndication message for UE to indicate when to start PRS measurement to gNB.
4 Activation/Deactivation procedures
Open issues captured in [1] are duplicated below:
	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.
How can the activation/deactivation status of pre-configured MGs be indicated in case of CA
· FFS on the following principles: 
· When configured with per-UE gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, and assume the gap is OFF only if the pre-MG status of active DL BWP in all CCs are OFF. 
· When configured with per-FR gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs in the same FR is ON, and assume the gap is OFF only if the pre-MG status of active DL active DL BWP in all CCs in the same FR are OFF. 
FFS   on the pre-MG activation/deactivation status indication in case of pre-MG activation / deactivation triggered by RRC signalling in case of CA.



Regarding to trigger event for pre-MG status re-checking, we believe that all the FFS points should be confirmed, because all of them have potential change to the pre-MG status, e.g., due to a new MO or a new DL active BWP. On modification is that the SCell addition should be changed to direct SCell addition. If the SCell is only added into a de-activated state, it has no DL active BWP essentially. 
[bookmark: _Ref91581998]Proposal 5: The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· Direct adding/removing any measurement object(s)
· Adding/releasing/changing SCell(s)
· Activating/de-activating any Scell(s)
· LPP positioning request
The CA issue is already discussed in previous section. Therefore, we skip it here.
5 RRM requirements
Open issues captured in [1] are duplicated below:
	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
Start point of Activation/Deactivation Delay 
· The pre-MG activation/deactivation delay starts from the time when received BWP switch request if the pre-MG activation/deactivation is triggered by BWP switching. 
· FFS when the pre-MG activation/deactivation takes effect on measurement after the activation/deactivation delay.
The start point of measurement report period 
· FFS the start option of measurement report period
· FFS whether UE shall continue the ongoing measurement when pre-MG status changed
The components included in measurement report period
Can be FFS on in the next meeting:
· Intra-frequency measurement requirement in 38.133 per sample 
· Inter-frequency measurement requirement in 38.133 per sample 
· Transition time between the activated pre-MG and deactivated MG
· BWP switching
· Others



So far, the gap status change can be triggered by DCI (e.g., BWP switch), MAC CE (SCell activation) and RRC (Direct SCell addition or MO re-configuration). Regarding starting time of the gap status changing delay, it is desirable to have a simple and consistent rule to accommodate all different trigger events. To achieve this, we prefer to align the starting time for all cases. In short, the starting time is the slot that UE receives the network command which leads to gap status change, i.e.,
· If it is triggered by DCI, the starting time is the slot UE receives the DCI triggering command. 
· If it is triggered by MAC-CE, the starting time is the slot UE receives the MAC-CE triggering command.  
· If it is triggered by RRC, the starting time is the slot UE receives the RRC triggering command.
[bookmark: _Ref91584454]Proposal 6: The starting time of the gap status changing delay is the slot that UE receives the network command which leads to gap status change.

With a unified starting time, the gap status change delay could also be simplified. The default value can be 10ms. But we noticed that some RRC processing delay could already be longer than 10ms, e.g., 
· 16ms for RRC reconfiguration with SCell addition/release according to Section 12 of TS38.331, or 
· 16ms for RRC-based BWP switch. Therefore, some modifications are needed. 
A simple way is to separate the RRC-based triggering event from the other 2 (DCI and MAC CE). In other words: 
· If the gap status change is triggered by DCI or MAC CE, the gap status change delay is 10ms. 
· If the gap status change is triggered by RRC, the gap status change delay is max(10ms, RRC processing delay).
[bookmark: _Ref91584456]Proposal 7: The gap status change delay is 10ms if the gap status change is triggered by DCI or MAC CE. The delay is max(10ms, RRC processing delay) if triggered by RRC. 
6 Discussion on reply LS to RAN2
In [3], RAN2 provided their LS reply to RAN4 regarding the issues for pre-configured gap. The contents are captured below:
	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



In our view, Case 4 is the same as the network-controlled per-BWP RRC indication mechanism, and Case 5 is the UE autonomous mechanism. RAN4 can reply RAN2 that both Case 4 and Case 5 are in the current scope of RAN4 discussions.
[bookmark: _Ref91584457]Proposal 8: Reply to RAN2 that both Case 4 and Case 5 are in the current scope of RAN4 discussions.

Regarding Q1, we see no problem to implement pre-MG as pre-FR gaps. All mechanisms we discussed are applicable to both pre-UE gap and per-FR gap. 
[bookmark: _Ref91584460]Proposal 9: Reply to RAN2 that the answer to Q1 is YES.

Regarding Q2, in our view, 
· The first 2 cases should be applicable in both network aspect (RAN2) and UE requirement aspect (RAN4), if UE supports both per-FR gap and pre-MG. 
· The 3rd case involves the discussions of joint operation of pre-MG and concurrent gaps. According to the updated WID [5], joint requirements will not be discussed further in Rel-17 RAN4 time frame. Nevertheless, whether to support joint operation in RAN2 signaling is still up to RAN2 decision according to the agreed RAN4 LS [4].
· [bookmark: _Hlk91584758]The last case is more complicated. There is an ongoing discussion in concurrent gaps on whether to allow simultaneous configuration of per-UE and per-FR gaps. Currently, RAN4 did not reach consensus on whether to support this case. We can reply RAN2 with RAN4 conclusion in this meeting, if any.
[bookmark: _Ref91584461]Proposal 10: Reply to RAN2 with the answer to Q2: The first 2 cases are supported if UE supports both per-FR gap and pre-MG. Whether to support the last 2 cases is up to RAN2’s decision. For the last case, reply with RAN4 conclusion in this meeting, if any.
7 Conclusion
In the contribution, we discuss the open issues for pre-MG. We have the following proposals: 
Proposal 1: For network-controlled per-BWP RRC indication mechanism under CA case:
· When configured with per-UE gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, and assume the gap is OFF only if the pre-MG status of active DL BWPs in all CCs are OFF. 
· When configured with per-FR gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs in the same FR is ON, and assume the gap is OFF only if the pre-MG status of active DL active DL BWP in all CCs in the same FR are OFF.
Proposal 2: For UE autonomous mechanism under CA case:
· If a per-UE MG is not required by any of the configured measurements, the MG is OFF, e.g., when
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWPs.
· If a per-UE MG is required by one or more of the configured measurements, the MG is ON, 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.
Proposal 3: There is no need to specify any additional rules for initial status indication of pre-MG. Existing network-controlled per-BWP RRC indication and UE autonomous rules are already sufficient.
Proposal 4: Re-using LocationMeasurementIndication message for UE to indicate when to start PRS measurement to gNB.
Proposal 5: The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· Direct adding/removing any measurement object(s)
· Adding/releasing/changing SCell(s)
· Activating/de-activating any Scell(s)
· LPP positioning request
Proposal 6: The starting time of the gap status changing delay is the slot that UE receives the network command which leads to gap status change.
Proposal 7: The gap status change delay is 10ms if the gap status change is triggered by DCI or MAC CE. The delay is max(10ms, RRC processing delay) if triggered by RRC.
Proposal 8: Reply to RAN2 that both Case 4 and Case 5 are in the current scope of RAN4 discussions.
Proposal 9: Reply to RAN2 that the answer to Q1 is YES.
Proposal 10: Reply to RAN2 with the answer to Q2: The first 2 cases are supported if UE supports both per-FR gap and pre-MG. Whether to support the last 2 cases is up to RAN2’s decision. For the last case, reply with RAN4 conclusion in this meeting, if any.
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