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Introduction
RRM requirements for pre-MG were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· User scenario 
· Configuration of pre-MG
· Activation and deactivation of pre-MG
· RRM requirements related to pre-MG
· MGPs for pre-MG
In this paper we will provide our views on the above open issues for pre-MG.
Discussion
User scenario 
	· FFS on Whether is the pre-configured MG needed for PRS measurement:
· Option 1. Yes
· Option 2. No
· Option 3. Pre-configured MG falls back to the legacy MG
· FFS on Whether is the pre-configured MG needed for CSI-RS L3 measurement:
· Option 1. Yes
· Option 2. No
· Option 3. Pre-configured MG falls back to the legacy MG


In our view, before picking up an option, RAN4 should first discuss what is exactly meant by each option, or what the standard impact of each option is. In our understanding, for PRS measurement:
· With option 1, the MG is still pre-MG, but it will be kept activated 
· With option 2, if the current MG is pre-MG, then it needs to be reconfigured to legacy MG
· With option 3, if the current MG is pre-MG, then it needs to be reconfigured to legacy MG
It can be seen that option 2 and option 3 are technically identical, both requiring NW to transform the pre-MG to legacy MG via RRC reconfiguration. Option 1, on the other hand, requires NW to keep the pre-MG activated. One benefit with option 1 is that the MG is still pre-MG, and it can be deactivated after PRS measurement is finished, if other measurements do not require MG. On the contrary, with option 2 and 3, NW needs to reconfigure the MG to pre-MG after PRS measurement if it still wants to use pre-MG for the other measurements. 
In our view, both approaches, i.e. to transform the pre-MG to legacy MG and to keep the pre-MG activated, are valid, as both can enable UE to do the PRS measurement. It should be left to NW implementation which approach to use, and we do not see the need to specify the NW behaviour in the spec. 
For CSI-RS, 
· Intra-frequency measurement is always performed without MG, conditioned on that the CSI-RS BW is contained in the active BWP. This means intra-frequency CSI-RS measurement does not needs to be considered in the activation and deactivation of pre-MG, so we do not see the logic for option 2 or 3. 
· Inter-frequency measurement is always performed with MG, so it is same as PRS, i.e. it is up to NW to transform the pre-MG to legacy MG or to keep the pre-MG activated, and all 3 options are valid.
Based on above analysis, for both PRS and CSI-RS measurement, whether and how to use pre-MG can be left to NW implementation, and we do not think RAN4 needs to define any restriction in the spec.
Proposal 1: RAN4 does not define any restriction on use of pre-MG for PRS or CSI-RS measurement. 
As serving cells needs to either transform the pre-MG to legacy MG or to keep the pre-MG activated when UE is performing PRS measurement, it needs to be aware when UE is doing so. In Rel-16 the procedure of Location measurement indication was introduced (clause 5.5.6 of 38.331) for UE to indicate the MG request to the serving cell. 
	[bookmark: _Toc60776906][bookmark: _Toc68014846]5.5.6.2	Initiation
The UE shall:
1>	if and only if upper layers indicate to start performing location measurements towards E-UTRA or NR or start subframe and slot timing detection towards E-UTRA, and the UE requires measurement gaps for these operations while measurement gaps are either not configured or not sufficient:
2>	initiate the procedure to indicate start;
NOTE 1:	The UE verifies the measurement gap situation only upon receiving the indication from upper layers. If at this point in time sufficient gaps are available, the UE does not initiate the procedure. Unless it receives a new indication from upper layers, the UE is only allowed to further repeat the procedure in the same PCell once per frequency of the target RAT if the provided measurement gaps are insufficient.


As shown by the highlighted texts, UE shall initiate the procedure when the provided MG is insufficient. The question is that when UE should consider the provided MG as insufficient. With legacy MG, the MG should be sufficient if PRS resources can be covered by the MG occasions. With pre-MG, however, this is still insufficient because the pre-MG can be deactivated if not needed by RRM measurements. In other words, UE should always inform the serving cell about the PRS measurement when it is configured with pre-MG. 
We suggest to inform this to RAN2, and whether it needs to be clarified in the description of the procedure or the current description is enough can be determined by RAN2. 
Proposal 2: Inform RAN2 that UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG. 
A draft LS is attached in section 5.
Configuration of pre-MG
Configuration parameters and status after configuration
	· FFS on the specific RRC configuration parameters for the new aspects of pre-configured MG to be introduced 
· Option1: The parameters used to differentiate with the legacy MG
· Option 2a: The parameters used to indicate the pre-configured MG (de)activation status per BWP, which can be also served as the flag to differentiate with the legacy MG
· Option 2b: The parameters used to indicate the pre-configured MG (de)activation status per UE/FR, which can be also served as the flag to differentiate with the legacy MG


First of all, to avoid any possible misalignment between NW and UE, we think the use of pre-MG should be controlled by the NW, i.e. the NW should explicitly indicate to the UE whether the configured MG
· is used as legacy MG, which means it is always active after configuration, or
· is used as pre-MG, which means it can be activated and deactivated 
Therefore, an indication (e.g. a flag) to differentiate with the legacy MG (as in option 1) is clearly needed.
Proposal 3: The RRC configuration of pre-MG should include the indication to differentiate with the legacy MG.
Regarding whether to include the status (activated/deactivated) of the pre-MG in the configuration (as in option 2), we understand it actually relates to another discussion about the status of pre-MG after configuration completed.
	· Pre-configured MG status (activated/deactivated) after configuration completed
· Status of pre-configured MG is not fixed at RRC configuration
· NW can know the pre-configured status when/after the pre-MG being configured by itself
· FFS NW can fully control whether the pre-configured MG will be activated/deactivated
· FFS on how UE can know pre-configured MG’s activation status (activated/deactivated) after the pre-MG being configured
· Option 1: signaling
· Option 2: pre-defined rules


NW will determine the status of the pre-MG based on the relation between the configured measurements and the active BWPs. For the UE side, 
· option 1 (signalling) means the status of pre-MG would be included in the configuration signaling, and UE just follows the configuration;
· option 2 (pre-defined rules) means UE will also determine the status of the pre-MG in the same way as NW does, i.e. based on the relation between the configured measurements and the active BWPs, and as a result, there is no need to include the status of pre-MG in the configuration signaling
In our view, both options can work and there is no clear advantage of one over another. We slightly prefer option 2. The reason is that besides the configuration of pre-MG, there could be other RRC or MAC procedures that also impact the status of pre-MG (as discussed in section 2.3.X), and it would be an extra and unnecessary burden for the NW to reconfigure the pre-MG status for every occurrence of these procedures, when UE can also determine the status by itself. It is noted that UE anyway has to determine the pre-MG status following BWP switch, so it is not an additional functionality for the UE. 
Proposal 4: There is no need to include the status (activated/deactivated) of pre-MG in the RRC configuration of pre-MG.
Proposal 5: After RRC configuration of pre-MG, UE determines the status (activated/deactivated) of pre-MG in the same way as it does following a BWP switch. 
As RAN2 will start the work on MG enhancement WI from November meeting, we suggest to send the conclusions regarding pre-MG configuration to RAN2. A draft LS is attached in section 5.
Relation between pre-MG and legacy MG
	· FFS on relation of pre-configured MG pattern and with the current RRC configured MG 
· Option 1. (CATT, xiaomi): 
· The pre-configured MG is the same as RRC configured MG after it is activated.
· Whether the deactivated pre-configured MG and the RRC configured MG can be configured simultaneously needs to be studied
· Option 2a (Ericsson, ZTE) 
· 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
· Deconfigure P-MG and reconfigure legacy pattern if P-MG is not suitable for MO configuration e.g. inter-RAT, PRS etc.
· Option 2b (Huawei, MTK, vivo, Apple):
· Network can transform a pre-configured MG into legacy MG or vice versa with same MG configuration.
· Option 3 (Intel, Qualcomm, Nokia)
· NW can configure the pre-configured MG and legacy MG independently. The transformation between the pre-MG and legacy MG has not any benefits in both singnaling and latency reduction.


As discussed in section 2.2.1, we think NW should explicitly indicate to the UE whether the configured MG is used as legacy MG or as pre-MG. As such we support option 2b, i.e. NW can transform a pre-MG to legacy MG or vice versa, and this can be done by e.g. reconfiguring the flag in the configuration signalling.
On option 1 and option 3, we understand in the 1st phase of the WI, we are not considering joint work of pre-MG and concurrent MG, so UE can be only configured with one MG (or one MG per FR if UE supports per-FR MG), which is either pre-MG or legacy MG. 
On option 2a, we are mainly concerned with the 1st bullet which means the transform between pre-MG and legacy MG is done implicitly. This is possible because NW and UE have common understanding about the need of MG from the configured measurements, but this is to some extent mixing “activate the pre-MG” and “transform the pre-MG to legacy MG”, i.e. besides maintaining the activation/deactivation status of the pre-MG, NW and UE have also to maintain whether the MG is legacy MG or pre-MG. Also, it will lead to discrepancy between the RRC configuration (see Proposal 3) and the actual understanding of NW/UE about whether the MG is used as legacy MG or pre-MG.
Proposal 6: It is up to NW to transform a pre-MG into legacy MG or vice versa with same MG configuration. 
Activation and deactivation of pre-MG
Criteria 
	· Criteria of activation/deactivation pre-configured MG 
· Option 1 (Huawei, MTK, vivo, ZTE) :
· If MG is not required by any of the configured measurements, the MG is deactivated.
· If MG is required by one or more of the configured measurements, the MG is activated.
· Option 2 (Ericsson, vivo, OPPO, ZTE):
· The UE needs gaps to measure SSBs when the measured SSB is not fully within the BW of the active BWP. Otherwise, the UE can measure the SSBs without gaps. This change between gap based and gapless measurement is triggered by active BWP switching.
·  Option 3(Intel, Apple, Qualcomm, Nokia): No need to define such criteria in the spec if the NW indication was included in pre-configured MG configuration. 


Activation and deactivation of the pre-MG should be based on the need for MG. As the need for MG actually comes from the measurements, to determine whether the pre-MG should be activated and deactivated, NW and UE should go through all the configured measurements and check if MG is required by any of them. If the MG is not required by any of the configured measurements, it means the MG is not needed so it can be deactivated, otherwise the MG is needed and it should be activated. 
Therefore, we support option 1, and the need for MG for a particular measurement should be already clear based on requirements defined for each measurements (SSB, CSI-RS and PRS) in Rel-15/16. 
Option 2 is also technically correct, but it is more a criterion for switching between MG based and MG-less measurement, but does not address activation and deactivation of pre-MG. In fact, option 2 is same as existing rules defined in Rel-15/16 for SSB measurements.
Option 3 is based on explicit activation and deactivation mechanism. We agree with option 3 itself, but since we do not support explicit activation and deactivation (as discussed in section 2.3.3), we do not support option 3 either.
Proposal 7: Adopt the following criteria for activation and deactivation of pre-MG:
· If MG is not required by any of the configured measurements, the MG is deactivated.
· If MG is required by one or more of the configured measurements, the MG is activated.
Trigger 
	· Option 3 (Huawei, MTK, Nokia) : Besides BWP switching, there could be also other RRC and MAC procedures that could trigger a change in need for MG and thus activation and deactivation of pre-configured MG, e.g.
· RRC (re)configuration of MO
· RRC (re)configuration of serving cells
· SCell activation and deactivation 


The activation and deactivation of pre-MG depends on the need for MG from the configured measurements, so any procedure that can impact the need for MG should be considered as a trigger of pre-MG activation and deactivation.
From the WID, it is clear that BWP switch should be a trigger of pre-MG activation and deactivation. For intra-frequency measurement and also some inter-frequency measurement, UE would not need MG if the SSB is confined within the active BWP of a serving cell, otherwise MG is needed.  
Besides BWP switching, there could be also other RRC and MAC procedures that could trigger a change in need for MG and thus activation and deactivation of pre-MG, e.g.
· RRC (re)configuration of MO
· When an MO is added or released, the need for MG may change. For example, all existing measurements do not require MG, but a newly added MO requires MG. In this case, the pre-MG should be activated.
· RRC (re)configuration of serving cells
· When a serving cell is added or released, the need for MG may change. For example, an inter-frequency measurement may become intra-frequency measurement when a serving cell is added. In this case, the pre-MG should be deactivated.
· SCell activation and deactivation
· When an SCell is activated or deactivated, the need for MG may change. For example, intra-frequency measurement on deactivated SCC does not require MG, but if the SCell is activated and the active BWP does not contain the SSB, MG would be required. In this case, the pre-MG should be activated.
The criterion in Proposal 7 can be applied for all the cases no matter which RRC or MAC procedure triggered the activation and deactivation.
Proposal 8: Besides BWP switch, the following procedures are considered as trigger for activation and deactivation of pre-MG: RRC (re)configuration of MO, RRC (re)configuration of serving cells, and SCell activation and deactivation.
Mechanism
	· FFS on how pre-configured MGs can be activated/deactivated:
· Option 1 (CATT, Ericsson, Intel, xiaomi, CMCC, NEC, OPPO, Huawei, ZTE) Autonomously/implicitly triggered by BWP switching  DCI/Timer.
· Option 2 (Intel, Apple, Qualcomm, vivo, CMCC, Nokia) the pre-configured MG activation/deactivation is triggered by the BWP switch and pre-configured under the control by the NW via its RRC configuration message.  
· Option 2a (CMCC): If the use case of MG pattern change following BWP switch is considered, to activate/deactivate the pre-configured MG by the network indication


There are basically two mechanisms for activation and deactivation of pre-MG:
· Implicit 
· In this way, when the triggering events, e.g. BWP switching, occurs, NW and UE will separately determine the status of the pre-MG based on the need for MG from configured measurements. There is no explicit signaling for activation and deactivation of pre-MG.
· The benefit of implicit activation and deactivation is that it can be done fast without additional signaling delay, and it can also avoid the signaling overhead of explicit activation and deactivation indication. 
· The drawback is that NW and UE may have misalignment regarding the triggering event, e.g. whether BWP switching happened or not, and robustness may be an issue. 
· Explicit 
· In this way, NW will indicate UE the status of the pre-MG, e.g. NW could determine whether pre-MG should be activated or deactivated when the triggering event happens, and explicitly indicate UE to activate or deactivate. 
· The benefit of explicit activation and deactivation is that NW will fully control the status so there would be no misalignment. The process can be similar as SCell activation and deactivation.
· The drawback is that the explicit signaling will incur additional delay and overhead.  
Considering the main trigger for activation and deactivation of pre-MG is BWP switch, which can be rather dynamic, we slightly prefer the implicit approach. 
Proposal 9: Pre-MG is implicitly activated and deactivated when the triggering event occurs.
RRM requirements related to pre-MG
Activation and deactivation delay
	· FFS on additional transition time for pre-configure MG (de)activation can be taken count into the total pre-configured MG activation/deactivation delay beside the BWP switching delay. 
· If agreed the exact value of such transition time can be FFS.


In this paper we will focus on the activation and deactivation of pre-MG triggered by BWP switch. For other triggers as discussed in section 2.3.2, we will address them when more solid conclusion are reached regarding the triggers and mechanisms.
Ideally, NW and UE would complete activation and deactivation of pre-MG at the same time when UE completes BWP switching. In the real world, however, both NW and UE may need some extra time to adapt parameters for data and measurement scheduling due to the change of the status of pre-MG, so it is reasonable to allow an extra time Delta on top of BWP switching delay, as shown in Figure 1. The value of Delta can be FFS.
Proposal 10: The delay of activation and deactivation of pre-MG is defined as BWP switching delay plus Delta. The value of Delta can be FFS.
[image: ]
Figure 1: Illustration of delay of activation and deactivation of pre-MG
In Figure 1, the MG occasion starts right after the activation and deactivation delay, so it is clear that the MG is deactivated from this MG occasion. However, there could be cases where an MG occasion overlaps with the activation and deactivation delay, as in Figure 2. 
[image: ]
Figure 2: MG occasion overlapping with delay of activation and deactivation 
In our view, it is difficult for NW and UE to change the status of the pre-MG from somewhere in the middle of an MG occasion because NW and UE may have already schedule data or measurement before based on the old status. Therefore, we propose that the activation and deactivation of pre-MG takes effect from the first MG occasion after the activation and deactivation delay.
Proposal 11: Activation and deactivation of pre-MG takes effect from the first MG occasion after the activation and deactivation delay.
Measurement period 
	· FFS on measurement period for the measurements with the pre-MGs


Following a BWP switch, a measurement may transition from MG based to MG-less or vice versa, so its measurement period may be impacted. The measurement period for other measurements may also be impacted, e.g. due to change in CSSF. It is noted that the scenario is not new and already exists in Rel-15, e.g. an intra-frequency SSB based measurement can change between MG based and MG less measurement. In Rel-15 a transition requirement is defined in 9.1.6 of 38.133.
	9.1.6	Minimum requirement at transitions
When the measurement on one intra-frequency measurement object transitions from measurements performed outside gaps to measurements performed within gaps or vice versa during one measurement period, the cell identification and measurement period requirements with the longer delay apply.
The carrier-specific scaling factor specified in clause 9.1.5 that applies to the other impacted measurement objects will also apply based on the longer measurement or cell identification delay before or after the transition.
When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, the cell identification and measurement period requirements apply based on the longer delay before or after the transition.
Subsequent to this measurement period, the cell identification and measurement period requirements on each measurement object are corresponding to the second mode after transition.


The new aspect is that in Rel-15 the MG is always ON once configured, while the pre-MG can be activated and deactivated. This mainly impacts the availability of resources for data scheduling, but from measurement perspective there is no difference compared to Rel-15, so we see no reason why the transition requirements defined in Rel-15 could not apply, or why different requirements are needed. 
Proposal 12: The transition requirements defined in clause 9.1.6 apply also with pre-configured MG.
UE behaviour after deactivation of pre-MG 
	· FFS on UE behavior after deactivation of pre-configured MG


In our view, when the pre-MG is deactivated, the UE behaviours should be same as that when a legacy MG is de-configured. More specifically, 
· UE should Tx/Rx data also in the MGL of the pre-MG
· All the measurements are performed outside MG
In our view, option 1 and option 1a are rather similar, so we can support both them. We slightly prefer to use the wording in option 1a for more precise and accurate wording.
Proposal 13: UE behaviour after deactivation of pre-MG is same as that when a legacy MG is de-configured.
MGPs for pre-MG
	· FFS on MG patterns used for the pre-MG mechanism 
· Option 1: The existing gap patterns (0~23) in Rel16 can be reused for the pre-MG.
· Option 2: The existing gap patterns (0~25) in Rel16 can be reused for the pre-MG.


MG pattern #24 and #25 can only be used when UE needs them to perform PRS measurement. Based on Rel-16 requirements, PRS measurement can only be performed within MG. We agree that in this case there is no point to consider MGP #24 and #25 for pre-MG because it will have to be always activated. 
On the other hand, it is noted that MG-less PRS measurement is being discussed in RAN1 for Rel-17 positioning. If it is introduced, PRS measurement may become similar as RRM measurement in that the need for MG may change following BWP switch, so supporting MGP #24 and #25 in pre-MG becomes meaningful.
As the RAN1 discussion is still ongoing, we suggest to defer this discussion until RAN1 has clear conclusion on the MG-less PRS measurement. Anyhow, this MGP discussion does not impact discussions on other important aspects of pre-MG.
Proposal 14: Wait for RAN1 conclusion about MG-less PRS measurement before deciding whether to include MGP #24 and #25 for pre-MG.
Conclusions
In this paper we provided our views on RRM requirements for pre-MG.
Proposal 1: RAN4 does not define any restriction on use of pre-MG for PRS or CSI-RS measurement. 
Proposal 2: Inform RAN2 that UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG. 
Proposal 3: The RRC configuration of pre-MG should include the indication to differentiate with the legacy MG.
Proposal 4: There is no need to include the status (activated/deactivated) of pre-MG in the RRC configuration of pre-MG.
Proposal 5: After RRC configuration of pre-MG, UE determines the status (activated/deactivated) of pre-MG in the same way as it does following a BWP switch. 
Proposal 6: It is up to NW to transform a pre-MG into legacy MG or vice versa with same MG configuration. 
Proposal 7: Adopt the following criteria for activation and deactivation of pre-MG:
· If MG is not required by any of the configured measurements, the MG is deactivated.
· If MG is required by one or more of the configured measurements, the MG is activated.
Proposal 8: Besides BWP switch, the following procedures are considered as trigger for activation and deactivation of pre-MG: RRC (re)configuration of MO, RRC (re)configuration of serving cells, and SCell activation and deactivation.
Proposal 9: Pre-MG is implicitly activated and deactivated when the triggering event occurs.
Proposal 10: The delay of activation and deactivation of pre-MG is defined as BWP switching delay plus Delta. The value of Delta can be FFS.
Proposal 11: Activation and deactivation of pre-MG takes effect from the first MG occasion after the activation and deactivation delay.
Proposal 12: The transition requirements defined in clause 9.1.6 apply also with pre-configured MG.
Proposal 13: UE behaviour after deactivation of pre-MG is same as that when a legacy MG is de-configured.
Proposal 14: Wait for RAN1 conclusion about MG-less PRS measurement before deciding whether to include MGP #24 and #25 for pre-MG.
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1. Overall Description:
For Rel-17 measurement gap (MG) enhancement WI, RAN4 has discussed support of pre-configured MG, and reached the following conclusions.

For configuration of pre-configured MG:
	· Pre-configured MG(s) are configured per UE or per FR.
· The common configuration parameters of pre-configured MG (e.g. MGRP, MGL, etc) which are same as these of Rel-16 legacy MG can be configured by the similar way as the Rel-16 legacy MGs
· Introduce one bit flag to indicate whether the concerned MG 
· is used as legacy MG, which means it is always active after configuration, or
· is used as pre-configured MG, which means it can be activated and deactivated 


RAN4 has also discussed whether to include the status (activated/deactivated) of pre-configured MG in the RRC configuration, and decided that this configuration is not needed. Instead, the status of the pre-configured MG after RRC configuration will be determined based on pre-defined rules in 38.133.

For pre-configured MG and PRS measurement:
	UE should always indicate serving cell about the PRS measurement when it is configured with pre-configured MG. It is up to RAN2 whether to clarify the description of the Location measurement indication procedure.


RAN4 notices that according to 38.331, UE only initiates the Location measurement indication procedure when MG are either not configured or not sufficient. On the other hand, RAN4 understands that serving cell needs to be aware of UE PRS measurement to either keep the pre-configured MG activated or transform the pre-configured MG to legacy MG.

RAN4 respectfully asks RAN2 to take the above information into account and define procedure and signalling support for configuration of pre-configured MG, and to evaluate whether the description of the Location measurement indication procedure needs to be clarified regarding pre-configured MG. 

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and define procedure and signalling support for configuration of pre-configured MG, and to evaluate whether the description of the Location measurement indication procedure needs to be clarified regarding pre-configured MG. 

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 Meeting #101-e		  	    01 – 12 November, 2021
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