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Introduction
In last meeting RAN4 some progress was made related to MR-DC and UE requirements concerning measurements for early measurement reporting. The agreed WF [1] list some open items which we address in this paper. Additionally, we also address a few other open aspects in this paper.  
In this paper we propose a compromise solution which aims at addressing the concerns raised by companies, while defining reasonable UE requirements which can provide usable measurements for configuration of CA or DC in connected mode.
Discussion
For a number of meetings, RAN4 has been discussing MR-DC and UE requirements for early measurement reporting. Although the Core requirements has been declared closed, there are still several open issues that needs to be closed.
Before discussing the remaining open details, we first go through the purpose and goal of the feature and the reasoning and gains from having UE performing and reporting measurements performed in idle/inactive mode to the network at connection setup. Additionally, we provide our view on how we see this feature used in practical deployments in the field.

Early Measurement Reporting
Initially we take a short look at the actual early measurement reporting feature and the potential benefits from both system and UE point of view.

Basic procedure of Early Measurement Procedure
The very basic purpose of the feature is to enable faster configuration of CA or DC during connection setup. By configuring the UE to perform measurements for early measurement reporting during connection setup, the UE would be able to provide measurement results from measurements performed in idle mode, on certain carriers/cells, during the connection setup, when requested by the network. The principle is illustrated in figure 1.
[image: ]
Figure 1 Illustration of the procedure for early measurements and reporting.
During the connection release, the network would configure the UE to perform early measurements on one or more carriers. During idle mode, while T331 is running, the UE will perform measurements for early reporting (EMR) on the configured carriers. 
Once connection establishment is initiated, the UE indicates to the network, during the connection setup, if it has idle mode measurement results for reporting available. If so, the measurement results may be requested by the network.
If the measurements are requested by the network, the UE will report the measurements to the network, who would then be able to use the reported results to configure the UE with CA or DC immediately after entering connected mode. This way, the network can configure UE with CA or DC without waiting for UE measurement results performed after entering connected mode based on a connected measurement configuration and UE measurement report triggering.
As the reported early measurement results are used by the network in connected mode for enabling earlier setup of CA or DC, it is important that the reported results are representative of current UE and cell conditions. Otherwise, the CA/DC setup may fail.

Potential benefits from Early Measurement procedure
When the feature was originally introduced in Rel-15, the benefits from the feature were discussed in RAN2 and RAN4. Two aspects were addressed:
· System benefits from enabling faster configuration of CA/DC when entering Connected mode. 
· Potential UE power consumption impact from performing idle mode measurements for early reporting.
As illustrated in [2], it was shown that there are clear UE and system benefits from the feature in terms of user experience and UE power consumption. By enabling early measurements in idle/inactive in general improves fast offloading of the traffic, which additionally helps reducing the UE power consumption. This is illustrated in figure 2 and 3 (further details can be found from [2])
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[bookmark: _Ref465592942]Figure 2 Mean user throughput, for offered load 10 Mbps 
	
[image: ]
[bookmark: _Ref465592944]Figure 3 Percentage of data received through small cells, for offered load 10 Mbps



To shortly recap the earlier discussions:
Figure 2 shows the mean user perceived throughput for different CA setup delays and for different FTP file sizes and Figure 3 shows the percentage of the user data served through the SCells - Both figures are for the case of low offered load. From these results, we can observe the following:
· In case of small file size and large CA delay (e.g. 1000ms), the usage of SCell layer is very low (in many cases the SCell layer is not used at all due to large delay in setting up the CA)
· Decreasing the SCell layer set-up delay, there is higher probability getting the SCell in use before the file transfer is fully completed and therefore on average better user throughput is experienced
· With larger file sizes, the usage of SCell starts to clearly increase
· However, even in case of larger file sizes 5MB), there is a substantial gain from decreasing the SCell layer when the set-up latency is small enough.
Low latency in the initial CA setup is important in improving the user throughput and UE power consumption.
There are clear benefits on both UE and network side when the SCell setup delay is shortened using early measurements from EMR (in idle/inactive). The overall positive impact is two-fold: 1) UE can use the SCell resources enabling faster offloaded of the traffic, leading to reduced power consumption compared to when EMR is not in use. And 2) as UE offloads faster, the network can more efficiently use the resources towards UEs which can then benefit form CA/DC service. 
Of interest is when UE is in good coverage and can and should offload traffic to SCell layer. This is the most common case when it is beneficial to enable CA/DC, and both UE and network will benefit. In general, the feature is also of interest in cell edge conditions. 
If we firstly address the issue of potential UE power consumption impact. The discussion of course depends on the assumed UE measurement assumptions and therefore the UE measurement burden from performing the measurements for EMR. Here we can split the measurements into:
1) Early measurements performed on a carrier which is also configured idle mode mobility.
2) Early measurements performed on a carrier which is not configured idle mode mobility.
Looking at 1) there would be no additional measurement effort on the UE side assuming that the measurements requirements for EMR NR carriers/cells are the same as the existing idle mode measurement requirements of inter-frequency NR cells in 38.133 section 4.2.2.4. UE would, irrespectively of any configured EMR measurements, be required to measure NR inter-frequency carriers/cells according to section 4.2.2.4 when no search thresholds are configured. Making the measurements available for reporting would not increase UE measurements.
The same can be argued for overlapping LTE inter-RAT carriers/cells for 1).
For 2) and measurements on NR inter-frequency carriers which are not configured for mobility would potentially increase the UE measurements burden compared to if not performing measurements for EMR.
The same can be argued for non-overlapping LTE inter-RAT carriers/cells for 2).
If we secondly address the aspect of system benefits (UE and network) from having the UE to report early measurement enabling faster setup of CA or DC in connected mode, we would need to consider the overall time the UE would spend in connected mode transmitting the data before being released to idle mode. We see from the Rel-15 results that overall, there is a power saving gain on the UE side [2].
Early measurement reporting can enable UE power saving.
Additionally, there is also the user experience aspect to consider which is equally important. Hence, by enabling faster CA/DC setup the user will experience the faster setup as a shorter setup and response latency to any applications and hence a feeling of a faster and more agile UE.
Hence from a single UE point of view, there is overall a gain in performing timely, accurate and representative idle mode measurements for early reporting to aid early CA/DC setup. In general, the gain is both in UE power consumption and latency.
There is UE and network gain in UE performing timely, accurate and representative idle mode measurements for early reporting to aid early CA/DC setup.

Status in RAN4
Following WFs have been agreed during the meetings related to MR-DC:
· R4-1915842, 
· R4-2002234, 
· R4-2005847, 
· R4-2009263, and
· R4-2012301
Additionally, some agreements are captured in the chair minutes and in TS 36.133 and TS 38.133. 
During the discussions in RAN4 several agreements have been reached. Many of those are already captured in 38.133 and 36.133. However, not all.
Following we list some high-level summary of some of the agreement related to defining the open aspects (depending on UE capability). This is not a comprehensive list covering all agreements but merely a summary for use in this paper:
· There is no change in UE measurement capability due to EMR. Hence, the number of carriers and total number of carriers the UE at least should be able to measure stay unchanged:
· Number of carriers to measure when configured with EMR:
· NR inter-frequency: ≤ 7 carriers
· LTE inter-RAT carriers: ≤ 7 carriers
· NR inter-RAT carriers: ≤ 8 carriers
· Total number of carriers the UE at least shall be able to measure:
· 10 effective frequency layers (36.133)
· 14 effective frequency layers (38.133)
· The number of carriers the UE at least should be able to measure for EMR are:
· Overlapping carriers:
· NR inter-frequency: ≤ 7 carriers
· LTE inter-RAT: ≤ 7 carrier
· NR inter-RAT: ≤ 8 carrier
· Non-overlapping carriers:
· NR inter-frequency: ≤ 7 carriers (RAN4#96)
· LTE inter-RAT: ≤ 1 carrier
· NR inter-RAT: ≤ 2 carriers
· RAN4 has agreed on the number of SSBs the UE at least shall be capable of measuring:
· FR1: 7 SSBs with different SSB index and/or PCI per carrier (for both NR inter-frequency and NR inter-RAT)
· FR2: 7 SSBs with different SSB index and/or PCI per carrier (for both NR inter-frequency and NR inter-RAT)
· RAN4 has agreed, that under defined conditions, the cell detected status for a cell is kept during connection transition.
· RAN4 has agreed to allow UE additional time period in measurement requirement for UE who supports the beam level EMR reporting.
Related to the UE measurement Requirements:
· LTE inter-RAT measurement requirements for overlapping carrier follows existing LTE inter-frequency requirements for CA Idle mode measurements for overlapping carrier
· Sub-topic#2-4: Measurement requirements for non-overlapping NR inter-RAT EMR carrier:
· Measurement requirements for non-overlapping NR inter-RAT carriers are defined same as overlapping NR inter-RAT carriers.
Some agreements are still not captured because of open discussions. 
Measurement requirements overlapping:
· NR inter-frequency: NR inter-frequency EMR measurement requirements on an overlapping NR EMR carrier follow existing NR inter-frequency measurements (principle in R4-2005847) – in 38.133
· LTE inter-RAT: measurement requirements in section 4.2.2.5 apply – in 38.133
Measurement requirements non-overlapping:
· Non-overlapping NR inter-RAT: Measurement requirements for non-overlapping NR inter-RAT carriers are defined same as overlapping NR inter-RAT carriers (R4-2012301)

Measurement accuracies:
· RAN4 agreed that for overlapping EMR carriers, the UE measurement accuracy requirements for carriers configured for EMR:
· RAN4 to define relaxed NR measurement requirements for overlapping carrier compared to existing NR inter-frequency requirements in terms of SNR and accuracy
· Sub-topic#2-5: Measurement accuracy requirements for NR Inter-RAT EMR carrier:
· For Measurement accuracy requirements for NR Inter-RAT EMR carrier same principles as in Issue 1-2-5-2 will be applied.
Next, we discuss the open aspects including among other: Definition of overlapping and non-overlapping carriers, How to capture the UE measurement requirements etc. Basically, we list our compromise proposal for finalization of the core requirements.

Finalization of MR-DC EMR Core requirements
Several core aspects are still left open in RAN4 concerning UE requirements. One of the higher-level open aspects open is the definition of the carriers configured for early measurement reporting. Hence, we start with discussing how to define the carriers configured for early measurements as either overlapping or non-overlapping EMR carriers. When discussing the matter of overlapping and non-overlapping carriers, RAN4 also need to discuss the aspect of search thresholds, which is done after the definition discussion. We see that the definitions of overlapping and non-overlapping carrier definition should be decoupled from the search threshold discussion.

Definition of carrier types configured for MR-DC Early Measurement Reporting
RAN4 has discussed the definition of carriers configured for early measurement reporting already earlier, and are basically 3 different carrier types, when the UE is configured with measurements for early reporting:
1) Type 1: Carriers configured only for mobility purposes (pure mobility carriers)
2) Type 2: Carriers configured for mobility and early measurement reporting (mixed carriers)
3) Type 3: Carriers configured only for early measurement reporting (pure EMR carriers)
In LTE Rel-15, RAN4 already defined the carrier types 2 and 3:
· Type 2: An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements.
· Type 3: A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.
Additionally, RAN4 has already agreed on the following conditions concerning overlapping and non-overlapping carriers [R4-2002234]:
· RAN4 use ‘actively measured’ in the definition of overlapping and non-overlapping carriers is agreeable conditioned that RAN4 also defines the conditions for ‘actively measured’ (R4-2002234).
· RAN4 will define the conditions for ‘actively measured’ carrier (R4-2002234)
Additionally, RAN4 made agreements related to the conditions for actively measured [R4-2005847]:
· At least following conditions apply for an actively measured EMR carrier (R4-2005847):
· T331 timer is running.
· Serving cell is in the validity area.
· Serving cell support EMR.
Based on these agreements, RAN4 then in [R4-2005847] agreed concerning overlapping and non-overlapping carriers:
· Definition of overlapping and non-overlapping (sub-topic 1-2) (R4-2005847)
· An overlapping carrier is a carrier which the UE is actively measuring for EMR and mobility.
· A non-overlapping carrier is a carrier which the UE is actively measuring for EMR.
· Note: overlapping and overlapping carrier relates to a carrier configured for EMR.
Hence, based on these agreements, we suggest defining the conditions for an overlapping carrier configured for early measurement reporting, as follows:
· An overlapping carrier is a carrier configured for mobility and early measurement reporting, and which is actively measuring by the UE for mobility and early measurement reporting. A carrier configured for early measurement reporting is actively measured when following conditions are fulfilled: 
· T331 is running, and
· Serving cell is supporting early measurement reporting, and
· Serving cell is in the validity area.
This proposed definition is based on agreements already made by RAN4 in earlier meetings. Based on these earlier agreements we propose to capture the definitions for overlapping and non-overlapping EMR carriers as:
An overlapping carrier is an actively measured carrier configured by higher layer for mobility and early measurement reporting. A non-overlapping carrier is defined as an actively measured carrier configured by higher layer for early measurement reporting while not configured for mobility. A carrier configured for early measurement reporting is actively measured provided T331 has not expired, the serving cell is supporting early measurement reporting and the serving cell is in the validity area.
We propose to capture the proposal in 38.133 as in the following TP:
4.4.2	Measurement Requirements
[bookmark: _Hlk53323474]For a UE which supports IdleInactiveMeasurements-r16 or idleInactiveEUTRA-MeasReport-r16 the UE shall support the idle mode CA measurements on the serving cell, overlapping and non-overlapping carriers. An overlapping carrier is an actively measured carrier configured by higher layer for mobility and early measurement reporting. A non-overlapping carrier is defined as an actively measured carrier configured by higher layer for early measurement reporting while not configured for mobility. A carrier configured for early measurement reporting is actively measured provided T331 has not expired, the serving cell is supporting early measurement reporting and the serving cell is in the validity area.
If this proposal 1 is not agreeable, we suggest to follow the Rel-15 definitions of overlapping and non-overlapping carriers as listed above.
If Proposal 1 is not agreeable, the definitions of overlapping and non-overlapping carriers follow Rel-15 definition directly:
a. An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements. 
b. A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.
With agreement on proposal 1 or proposal 2 RAN4 can close this part of the MR-DC EMR discussion.

Question of carrier types and s-NonIntraSearch thresholds
How to apply s-NonIntraSearch when performing measurements for EMR is still open in RAN4. To progress look at how to simplify the discussion. 
There a several beneficial reasons for decoupling the s-NonIntraSearch threshold discussion from the definitions of overlapping and non-overlapping carriers:
a. Search thresholds (s-NonIntraSearch) are evaluated and applied on UE side.
b. It is optional for the UE to apply s-NonIntraSearch, when configured in the cell.
c. Exactly how the UE applies the s-NonIntraSearch, when configured in the cell, is a UE implementation choice.
d. Network is not aware when s-NonIntraSearch conditions are fulfilled on UE side.
e. Network configures the s-NonIntraSearch but is not aware if UE applies s-NonIntraSearch.
Hence, if the s-NonIntraSearch search thresholds are included in the definitions of overlapping and non-overlapping carriers, these definitions would change based on the UE conditions. Such changes in the carrier types would not be visible to the network. This means that the network will not be able to know how the UE measures configured EMR carriers for early measurement reporting: as overlapping carriers or non-overlapping carriers. 
Additionally, this means that the network will not be able to configure the UE correctly and according to the limitation on number of non-overlapping carriers. This will lead to unpredictable UE behaviour which cannot be controlled by network.
We suggest decoupling of the s-NonIntraSearch threshold from the definitions of overlapping and non-overlapping carriers. 
[bookmark: _Hlk54296254]Decouple the definitions of overlapping and non-overlapping carriers from s-NonIntraSearch thresholds.

UE measurement requirements and s-NonIntraSearch
RAN4 has been discussing the applicability of the s-NonIntraSearch when considering early measurements. Open aspect is basically whether UE shall apply s-NonIntraSearch to EMR carriers similar to non-EMR carriers or not.
One concern which has been raised by some companies related to measurements for early reporting is, if the requirements would mean that the UE should be able to perform measurements on different carriers with different measurement periodicities. 
This could happen e.g. if the cell is broadcasting that use of s-NonIntraSearch is allowed in the cell.
Our understanding is that measuring e.g. 2 different inter-frequency carriers with different measurement periodicities should not increase the UE complexity significantly.
Measuring 2 different inter-frequency carriers with different measurement periodicities would not increase UE complexity significantly.
The UE is already required to be able to perform measurements on different carriers with different periodicities. For example, the UE is required to perform intra-frequency measurements on e.g. one serving and two inter-frequency carriers, which leads to that each inter-frequency carrier is measured using a scaling of 2. In a similar manner, in connected mode, if the UE has a deactivated SCell as a serving cell, this serving cell is measured with different measurement requirements based on measCycleScell, than the activated serving cell (e.g. PCell), which is based on the DRX cycle. 
Secondly, the use of the s-NonIntraSearch thresholds is optional for the UE. I.e. the UE may use the s-NonIntraSearch thresholds or not to reduce it measurement burden. Exactly how this is done and how use the search thresholds is left for UE implementation optimized. E.g. one UE may prioritize the reduced measurement burden and power savings high and stop all inter-frequency and inter-RAT measurements completely, while other UEs may continue to perform some inter-frequency/RAT measurements perhaps with reduced effort. And yet some UEs may ignore any configured s-NonIntraSearch thresholds and continue measurements as if no s-NonIntraSearch thresholds were configured.
Use of s-NonIntraSearch thresholds is optional for the UE.
Our preferred solution is still to follow the understanding from Rel-15 that the UE measurement requirements for carriers configured for early reporting, follow the requirements in section 4.2.2.4 without applying s-NonIntraSearch thresholds.
However, to progress the work, and address the concern about UEs potentially being required to measure inter-frequency or RAT carriers with different measurement periodicities, we next discuss how to address this concern.

s-NonIntraSearch and applying different inter-frequency measurement periodicities
One aspect raised in the discussions in RAN4 has been the additional UE complexity from being ‘required’ to support measurements in idle mode using two different measurement periodicities. This has been discussed for a number of meetings without agreement. Next, we suggest a compromise proposal how to address the concern in a practical way to close the topic. 
We suggest that for Rel-16 early measurements and reporting, UE requirements follow those of Rel-15. Rel-15 RAN4 requirements do not state specifically state how to apply s-NonIntraSearch thresholds but rely on the RAN2 note:
The fields s-NonIntraSearch in SystemInformationBlockType3 do not affect the UE measurement procedures in IDLE mode. How the UE performs measurements in IDLE mode is up to UE implementation as long as the requirements in TS 36.133 [16] are met for measurement reporting.
Rel-16 UE measurement requirements for EMR follow Rel-15 baseline and RAN4 requirements allow flexibility in applying the s-NonIntraSearch thresholds to prevent inter-frequency/RAT measurements with different periodicities.
This means that a UE would be allowed to measure according to its preference, accounting any UE specific complexity of measuring inter-frequency/RAT measurements with different measurement periodicities. Additionally, it would also allow UEs to measure inter-frequency/RAT measurement with different periodicities and thereby such more advanced UEs could get the benefit of reporting more representative and accurate measurements.
Allow UEs to measure, and perform EMR measurements, according to its preference, accounting any UE specific complexity related to measuring inter-frequency/RAT measurements with different measurement periods.
However, we believe that the RAN4 requirements should not be developed in such a way that a more advanced UE performing more advanced measurements for early reporting, would not be able to get the gain from such advanced functionality.
RAN4 requirements shall not restrict implementation of UEs performing better than minimum requirements.
Better performing UEs should not be restricted by RAN4 requirements in getting benefits frm performing better than minimum.
Enable more advanced UEs to benefit from performing more advanced measurements for EMR.
Not being accurate in the RAN4 specification by not having clear UE requirements leads to a significant uncertainty on network side related to the UE behaviour and the reported measurement results and accuracy. Reason is that the network will not be able to know:
1) If a given UE applies a configured s-NonIntraSearch thresholds or not, or
2) If the UE applied the s-NonIntraSearch thresholds, as the UE conditions are unknown to the network.
This means that the network will not be aware if the reported EMR results have been measured by the UE according to normal inter-frequency measurement requirements (section 4.2.2.4 without applying search thresholds) or according to when s-NonIntraSearch thresholds are applied (section 4.2.2.7). 
One can expect that under normal deployment and realistic deployment conditions, if the UE is moving, the reported measurement results can differ significantly, depending on whether the measurements are performed applying s-NonIntraSearch thresholds (section 4.2.2.7) or not (section 4.2.2.7). For example:
1) UE1 applies a broadcasted s-NonIntraSearch thresholds also to EMR carriers: In this case, if the UE conditions fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE may only have measured a reported EMR carrier (60 * Nlayers) seconds ago (where Nlayers is defined in 4.2.2.7). 
2) UE2 does not apply a broadcasted s-NonIntraSearch thresholds to EMR carriers: In this case, if the UE conditions fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE would have measured a reported EMR carrier (Kcarrier * Tmeasure,NR_Inter) seconds ago (where Tmeasure,NR_Inter is in Table 4.2.2.4-1).
This means that for UE1 which applies implementation 1, the reported result for early measurements may be 1 minute old. While for a UE2 which applies implementation 2, the reported results for early measurements may be less than 2 seconds old. For both examples it is assumed that 1 carrier is configured for early measurement reporting. As the number of carriers increase the measurement periodicity per carrier increase.
UE measurement procedures differ significant depending on the UE applicability of the s-NonIntraSearch thresholds and this may lead to uncertainty on network side concerning the report measurement result and accuracy.
In realistic field deployments, the reported results may differ significantly depending on whether the UE performs EMR measurements in idle mode according to section 4.2.2.4 or 4.2.2.7.
One simple way for the network to circumvent this uncertainty would be not to configure s-NonIntraSearch thresholds in the cells where MR-DC EMR is used. This will ensure that the UE measurements will be performed according to section 4.2.2.4. However, this comes with a significant cost and drawbacks for all UEs and on system level:
· s-NonIntraSearch threshold are broadcasted and impact all devices in the cell including:
· All legacy devices, and 
· All devices not supporting EMR.
· All devices supporting EMR with EMR configured.
· UE power saving options in idle mode are reduced for all UEs in the cell, including UEs with T331 timer running.
Hence, limiting the use of s-NonIntraSearch thresholds in cells where EMR is used removes potential UE power saving gain. By having to sacrifice the use of s-NonIntraSearch, to ensure sufficient EMR measurement while T331 is running, impacts all UEs in the cell negatively.
Not being able to configure s-NonIntraSearch in cells where MR-DC EMR is used will have negative impact on the power consumption for all UEs in the cell.
Finally, when discussing measurements for early measurement reporting, the discussion should focus on service-based measurement. Hence, measurements for providing CA or DC service once in connected mode, with low latency. Discussion should not be about coverage-based measurements. Hence, measurement which are meant to handle coverage related aspect. 
Early measurements and EMR is targeted at service-based measurements.
For providing service-based measurements and measurement results to the network, to provide a service like CA, there is a need to have UE to measure more frequently. EMR is exactly about enabling early measurement results to network during connection setup to enabling early provision of CA or DC service. 
To provide service-based measurements and results to the network, to provide a service like CA, there is a need to have UE to perform measurements more frequently.
Additionally, service-based measurements should provide measurement results representing up to date conditions.
Service-based measurements should provide measurement results representing up to date conditions.

To address these observed drawbacks, and the need for having up-to-date measurement results to enable use of MR-DC EMR and configuration of s-NonIntraSearch in the same cell, we suggest following:
[bookmark: _Hlk53350973]A UE which is configured to perform MR-DC measurements for early measurement reporting will, for overlapping carriers, follow the current UE measurement requirements (as already agreed by RAN4). The UE may apply measurement requirements with or without applying search thresholds, when a high priority carrier is configured, according to UE implementation preference. 
The UE requirements are as follows for overlapping EMR carriers:
· [bookmark: _Hlk53425828]When s-NonIntraSearch threshold are not configured (hence, s-NonIntraSearch is infinite and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ conditions are always fulfilled) the UE shall measure all configured overlapping EMR carriers according to 4.2.2.4 (and not 4.2.2.7).
· [bookmark: _Hlk53425851]When s-NonIntraSearch threshold are configured (hence, s-NonIntraSearch is not infinite) Srxlev > SnonIntraSearchP or Squal > SnonIntraSearchQ conditions may be fulfilled or not. In this case, the UE measurement requirements are as follows:
1) If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ: UE shall follow measurement requirements according to 4.2.2.4 (not 4.2.2.7) for overlapping EMR carriers.
2) If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is not configured with any high priority carriers: UE shall follow measurement requirement according to 4.2.2.4 (and not 4.2.2.7) for EMR carriers.
3) If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers: UE shall at least measure at least high priority carriers according to 4.2.2.7 and shall at least measure at least measure configured, overlapping EMR carriers according 4.2.2.7.
4) If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ: and UE is configured with one or more high priority carriers: UE may measure configured carriers according to 4.2.2.4. 
Such UE measurement requirement would address the concern in RAN4 related to increased UE measurement complexity by potentially being in need to measure inter-frequency/RAT measurements with different periodicities. Defining the measurement in this way will enable simultaneous use of MR-DC EMR and use of s-NonIntraSearch in a cell. Additionally, it will make the UE requirements clear.
Following table illustrates the proposal:
	SnonIntraSearchP/Q configured
	SnonIntraSearchP/Q not configured

	Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
	[bookmark: _Hlk53432813]Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
	N/A 

	High Priority carrier not configured
	High Priority carrier configured
	High Priority carrier not configured
	High Priority carrier configured
	 N/A

	4.2.2.4 or 4.2.2.5note 2
	4.2.2.4 or 4.2.2.5note 2
	4.2.2.4 or 4.2.2.5note 2
	4.2.2.4 or 4.2.2.5 or 4.2.2.7note 3
	4.2.2.4 or 4.2.2.5note 1

		note 1: if search thresholds (SnonIntraSearchP or SnonIntraSearchQ) are not configured by network they are by default set to infinite
note 2: section 4.2.2.7 does not apply
note 3: UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2.7. For a UE configured with early measurement reporting the UE shall measure overlapping carriers at least every Thigher_priority_search, where Thigher_priority_search is described in clause 4.2.2.7. UE may measure overlapping carriers according to 4.2.2.4 






These requirements would need to be captured clearly in 36.133 and 38.133.
 When s-NonIntraSearch thresholds are not configured (hence, s-NonIntraSearch is infinite and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ conditions are always fulfilled) the UE shall measure all configured overlapping EMR carriers according to 4.2.2.4 (and not 4.2.2.7).
When s-NonIntraSearch threshold are configured (hence, s-NonIntraSearch is not infinite) Srxlev > SnonIntraSearchP or Squal > SnonIntraSearchQ conditions may be fulfilled or not. In this case, the UE measurement requirements are as follows:
c. [bookmark: _Hlk53519229]If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ: UE shall follow measurement requirements according to 4.2.2.4 (not 4.2.2.7) for overlapping EMR carriers.
d. If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is not configured with any high priority carriers: UE shall follow measurement requirement according to 4.2.2.4 without applying s-NonIntraSearch threshold for EMR carriers.
e. If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers: UE shall at least measure at least high priority carriers according to 4.2.2.7 and 7 and shall at least measure at least measure configured, overlapping EMR carriers according 4.2.2.7.
f. If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ: and UE is configured with one or more high priority carriers: UE may measure configured carriers according to 4.2.2.4. 
Agree on proposal 7 and proposal 8 as a package.
Following is one text proposal for 38.133 section 4.4:
For overlapping carriers, the inter-frequency measurement requirements in section 4.2.2.4 apply. For overlapping carriers, the inter-RAT measurement requirements in section 4.2.2.5 apply. 

[bookmark: _Hlk53677193]For overlapping carriers, if search thresholds (SnonIntraSearchP/Q) are not configured the inter-frequency measurement requirements in section 4.2.2.4 and the inter-RAT measurement requirements in section 4.2.2.5 shall apply (note: if search thresholds (SnonIntraSearchP/Q) are not configured by network they are by default set to infinite).

[bookmark: _Hlk53677351]For overlapping carriers, if search thresholds (SnonIntraSearchP/Q) are configured and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ: UE shall follow measurement requirements according to 4.2.2.4 (not 4.2.2.7) for overlapping EMR carriers.

[bookmark: _Hlk53677411]For overlapping carriers, if search thresholds (SnonIntraSearchP/Q) are configured and UE is not configured any higher priority carriers, the UE shall follow the measurement requirements according to 4.2.2.4 and the inter-RAT measurement requirements according to 4.2.2.5 (not 4.2.2.7).

[bookmark: _Hlk53677522]For overlapping carriers, if search thresholds (SnonIntraSearchP/Q) are configured and UE is configured with one or more higher priority carriers, the UE shall at least measure at least measure configured, overlapping EMR carriers according 4.2.2.7 provided Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ: UE shall follow measurement requirements according to 4.2.2.4 (not 4.2.2.7) for overlapping EMR carriers

[bookmark: _Hlk53677763]For overlapping carriers, if search thresholds (SnonIntraSearchP/Q) are configured and Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers: UE may measure configured carriers according to 4.2.2.4

For overlapping inter-frequency carriers, the UE shall be capable of performing SS-RSRP and SS-RSRQ measurements….
4.2.2.7 General requirements 
[bookmark: _Hlk53678419]The UE shall search every layer of higher priority at least every Thigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information. For a UE configured with early measurement reporting Nlayers is the combined total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information and overlapping carriers.
note: combined total number means that if a carrier is a high priority carrier and overlapping carrier it only counts as one carrier.
We see that similar TP can be used also for 36.133.

Above proposal, will address the raised concern and allow the UE to account in the implementation any concerns related performing measurements with different measurement periodicities, if such exist. E.g. based on whether the UE can or cannot perform measurements on different inter-frequency or RAT carriers with different periodicities, the UE may or may not measure overlapping carriers configured for EMR and high priority carriers with different or same measurement periodicities. 
It would be up to UE implementation whether the UE follows the measurement requirements on all carriers according to 4.2.2.4 or 4.2.2.7 when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ if any high priority carriers are configured, according to the listed rules above. 
Hence, this proposal allows implementation differentiation and allows better performing devices to benefit from such advanced implementation.
However, this approach leads to one situation where there is uncertainty related to the measurements reported by the UE as the UE measurement requirements based on 4.2.2.4 and 4.2.2.7 differ significantly.
Allowing UE to follow the measurement requirements on overlapping carriers according to 4.2.2.4 or 4.2.2.7 when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, leads to uncertainty on network side related to the measurement accuracy of the EMR measurements reported by the UE.
As the network has no knowledge about the UE implementation, the network does not have other choice than expect worst case scenario according to configuration. Hence, the network would need to assume that all UEs will measure according to 4.2.2.7 and that the reported results are measured accordingly. This may in fact penalize all UEs configured with EMR – both UEs which measure overlapping EMR carriers according to 4.2.2.4 and UEs which measure overlapping EMR carriers when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, according to 4.2.2.4. 
Uncertainty on network side related to the measurement accuracy of the EMR measurements reported by the UE will negatively impact all UEs configured with EMR.
[bookmark: _Hlk53351362]To address any uncertainty related to how the UE EMR measurements are performed by the UE (according to section 4.2.24 or 4.2.2.7), we see that this can be done either by 1) leaving it for network assumption that all UEs will measure worst case or 2) having a UE indication such that network will have visibility to the UE behaviour and how the UE performed the measurements. As 1) has drawbacks for all EMR UEs we suggest 2).
The UE indicates to the network if the reported EMR results are performed while applying s-NonIntraSearch thresholds to the EMR carriers or not.

It may or may not be possible to introduce new signalling for MR-DC EMR in Rel-16 (up to RAN2 decision). However, introducing the proposed indication can also be done for Rel-17 to provide a proper solution for EMR by removing any uncertainty concerning the UE requirements and behaviour. To close this topic in Rel-16 we propose following:
For Rel-16 the requirements in proposal 7 and proposal 8 applies.
RAN4 to send LS to RAN2 to introduce means for UE to indicate whether the UE applied search thresholds when measuring the reported early measurement or not. Indication should be defined in Rel-16, if possible, otherwise in Rel-17
If RAN2 cannot introduce the solution in Rel-16 we suggest:
If RAN2 cannot introduce the indication in Rel-16, we propose that for Rel-16, if s-NonIntraSearch thresholds are configured, and Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers, the UE may measure overlapping EMR according to section 4.2.2.7 or 4.2.2.4.
If RAN2 cannot introduce the indication in Rel-16, for Rel-16 the network will not be aware of UE which UE requirements the UE applies if s-NonIntraSearch thresholds are configured, and Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers
Finally:
Agree Proposals 11 - 14 as a package.
In Appendix A we have provided a draft LS proposal.

Measurement requirements on EMR carriers
Agreements related to measurement requirements for the following cases are open:
· Non-overlapping NR inter-frequency
· Non-overlapping LTE inter-RAT
· NR inter-RAT

Measurement requirements on non-overlapping NR FR2 inter-frequency carrier
Due to core requirements already being closed we suggest to follow Rel-15 approach for non-overlapping carriers for Rel-16.
For non-overlapping NR FR2 carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.

Measurement requirements on non-overlapping LTE inter-RAT carrier
Due to core requirements already being closed we suggest following Rel-15 approach for non-overlapping carriers for Rel-16.
For non-overlapping LTE inter-RAT carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.

Measurement requirements on overlapping NR inter-RAT carrier
For an overlapping carrier: We suggest that measurement requirements for an overlapping NR inter-RAT EMR carrier follow existing NR inter-RAT measurement.
Measurement requirements for an overlapping NR inter-RAT EMR carrier follow the principles of proposal 15.
For a non-overlapping carrier: We suggest following the proposal in 2.4.1.
For non-overlapping NR inter-RAT carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.

Measurement requirement for UE who supports the beam level EMR reporting
In last meeting there was agreement captured: Add in idle mode requirements section 4.4:
· additional time period in measurement requirement for UE who supports the beam level EMR reporting:
· TtimeIndex,NR_Interf = [X]* Tmeasure,NR_Interf, 
· where X is [3, 5].
This time is needed by the UE to acquire the SSB Index (if not known from connected mode). The measurement time for one round of measurements would be unchanged. Hence, the requirement would need to be split into:
TtimeIndex,NR_Interf: it is the time period used to acquire the index of the SSB being measured.
TSSB_measure,NR_Inter: equal to a measurement period of SSB based measurement. This would be the same as the already defined measurement period for inter-frequency carriers: Tmeasure,NR_Inter.
Based on this we propose following TP for 38.133 concerning the time period used to acquire the index of the SSB being measured:
[bookmark: _Hlk53678856]The UE shall be able to identify a new detectable inter frequency SS block of an already detected cell within Kcarrier * TtimeIndex,NR_Inter  (see table 4.4-1)
Table 4.4-1: TtimeIndex,NR_Inter 
	DRX cycle length [s]
	Scaling Factor (N1)
	TtimeIndex,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	

	0.32
	1
	8
	[3, 5] x 1.28 x N1 x 1.5 (4 x N1 x 1.5)

	0.64
	
	5
	[3, 5] x 1.28 x N1 (2 x N1)

	1.28
	
	4
	[3, 5] x 1.28 x N1 (1 x N1)

	2.56
	
	3
	[3, 5] x 2.56 x N1 (1 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.



As the requirement for connected mode UE is 3 we expect that the under similar conditions the UE would be able to detect a new SS block in idle mode within 3 SSB receptions.
For an inter-frequency carrier, the UE is required to acquire the index of the SSB within 3 DRX cycles. Hence, X = 3.
As the measurement period is unchanged there would be no need for updates and the requirement is the same already defined in ‘Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter’.
Similar needs to be captured in 36.133 in section 4.9 as per agreement in RAN4#96e:
The UE shall be able to identify a new detectable inter frequency SS block of an already detected cell within Kcarrier * TtimeIndex,NR_InterRAT  (see table 4.9-1)
Table 4.9-1: TtimeIndex,NR_InterRAT
	DRX cycle length [s]
	Scaling Factor (N1)
	TtimeIndex,NR_InterRAT [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	

	0.32
	1
	8
	[3, 5] x 1.28 x 1.5 x N1
(4 x 1.5 x N1)

	0.64
	
	5
	[3, 5] x (2 x N1)

	1.28
	
	4
	[3, 5] x 1.28 x N1
(1 x N1)

	2.56
	
	3
	[3, 5] x 2.56 x N1
(1 x N1)

	NOTE 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.



Similar to inter-frequency Index reading we propose X = 3.
For an inter-RAT NR carrier, the UE is required to acquire the index of the SSB within 3 DRX cycles. Hence, X = 3.

Detected cell requirement during state transition
The current requirements related to cell detected state during the state transition from connected to idle mode are as follows (based on 38.133 but in principle the same for 36.133):
4.4.2.1	Detected cell requirement during state transition and Idle mode
This subclause defines the requirements for the detected cell status for the idle mode CA/DC measurement when UE transitions from RRC Connected mode to Idle mode and after UE has entered Idle mode. The requirements are applicable to an NE-DC and NR carrier aggregation capable UE which has been configured with one or more of following, one or more SCells, one E-UTRAN PSCell or one or more downlink E-UTRAN SCells during the Connected mode and which supports IdleInactiveMeasurements-r16  or idleInactiveEUTRA-MeasReport-r16. The requirements are applicable for SCell(s) and E-UTRAN FDD and TDD PSCell and SCells.
Upon releasing the connection and if the UE has been configured with idle mode CA measurement reporting, following requirements apply concerning the detected cells in Connected mode upon state transitioning to Idle mode and during Idle mode: 
-	A cell which is detected cell in Connected mode prior to connection release, shall remain detected after UE has entered Idle mode and during Idle mode, provided that the following conditions are met:
-	The UE has been provided with a list of cells and/or carrier frequencies for early measurement reporting by dedicated RRC signaling and
-	The detected cell is among the list of cells or on a carrier frequency provided for early measurement reporting, and
-	The UE is provided with a valid timer T331 by dedicated RRC signaling, and
-	The detected cell and SSBs remains detectable until UE reconnect to the network and transmits the early measurement report, and
-	The carrier frequency of the detected cell and the carrier frequency of the serving cell are among the supported band combination of the UE. 
An inter-RAT E-UTRAN cell is considered detectable according to RSRP, RSRP Ês/Iot, SCH_RP and SCH Ês/Iot defined in Annex B.1.1 and Annex B.1.2 in [36.133] for a corresponding Band. An inter-frequency cell is considered detectable according to the conditions in Annex B.1.2 and B.1.3 for a corresponding band.
Shortly discussed in last meeting was the condition highlighted in yellow. The issue with the condition is that it is a condition which depends on what may be the condition in the future – when the connection is once again established. However, such condition can of course not impact the cell detection state at the time of release.
The main point of the section is to give the conditions at the time of connection release and during the connection release stating when a detected cell in connected mode will remain detected when entering Idle mode. 
When a cell will remain detectable after entering idle mode after connection release should not be conditioned by a future condition which is unknown at the time of the connection release.
Hence, the condition needs to be updated to reflect the condition of the cell at the time of and during the actual connection release.
 The cell detected state conditions during transitioning to idle mode need to be conditioned by the cell conditions at the time of release and not on potential future cell conditions once the connection is established.
One way to such condition could be look like would be:
· The detected cell and SSBs remains detectable during the state transitioning to idle mode.
New condition would be: The detected cell and SSBs remains detectable during the state transitioning to idle mode.

Conclusion
In this paper we propose and discuss a compromise proposal for finalizing the core requirements for MR-DC EMR. From Release 15 investigations it was seen that
1. Low latency in the initial CA setup is important in improving the user throughput and UE power consumption.
1. Early measurement reporting can enable UE power saving.
1. There is UE and network gain in UE performing timely, accurate and representative idle mode measurements for early reporting to aid early CA/DC setup.

Missing for Rel-16 is the definition of overlapping and non-overlapping carriers. Based on earlier agreements in RAN4 we suggest defining the conditions for an overlapping carrier configured for early measurement reporting, as follows COMMENT: 
1. An overlapping carrier is an actively measured carrier configured by higher layer for mobility and early measurement reporting. A non-overlapping carrier is defined as an actively measured carrier configured by higher layer for early measurement reporting while not configured for mobility. A carrier configured for early measurement reporting is actively measured provided T331 has not expired, the serving cell is supporting early measurement reporting and the serving cell is in the validity area.
1. If Proposal 1 is not agreeable, the definitions of overlapping and non-overlapping carriers follow Rel-15 definition directly:
a.  An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements. 
b. A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.

There a several beneficial reasons for decoupling the s-NonIntraSearch threshold discussion from the definitions of overlapping and non-overlapping carriers:
a. Search thresholds (s-NonIntraSearch) are evaluated and applied on UE side.
b. It is optional for the UE to apply s-NonIntraSearch, when configured in the cell.
c. Exactly how the UE applies the s-NonIntraSearch, when configured in the cell, is a UE implementation choice.
d. Network is not aware when s-NonIntraSearch conditions are fulfilled on UE side.
e. Network configures the s-NonIntraSearch but is not aware if UE applies s-NonIntraSearch.
Proposal 4: Decouple the definitions of overlapping and non-overlapping carriers from s-NonIntraSearch thresholds.
Measuring 2 different inter-frequency carriers with different measurement periodicities would not increase UE complexity significantly.
Use of s-NonIntraSearch thresholds is optional for the UE.
Rel-16 UE measurement requirements for EMR follow Rel-15 baseline and RAN4 requirements allow flexibility in applying the s-NonIntraSearch thresholds to prevent inter-frequency/RAT measurements with different periodicities.
Allow UEs to measure, and perform EMR measurements, according to its preference, accounting any UE specific complexity related to measuring inter-frequency/RAT measurements with different measurement periods.

RAN4 requirements shall not restrict implementation of UEs performing better than minimum requirements.
Better performing UEs should not be restricted by RAN4 requirements in getting benefits frm performing better than minimum.
Enable more advanced UEs to benefit from performing more advanced measurements for EMR.

UE measurement procedures differ significant depending on the UE applicability of the s-NonIntraSearch thresholds and this may lead to uncertainty on network side concerning the report measurement result and accuracy.
In realistic field deployments, the reported results may differ significantly depending on whether the UE performs EMR measurements in idle mode according to section 4.2.2.4 or 4.2.2.7.
Not being able to configure s-NonIntraSearch in cells where MR-DC EMR is used will have negative impact on the power consumption for all UEs in the cell.
Early measurements and EMR is targeted at service-based measurements.
To provide service-based measurements and results to the network, to provide a service like CA, there is a need to have UE to perform measurements more frequently.
Service-based measurements should provide measurement results representing up to date conditions.

When s-NonIntraSearch thresholds are not configured (hence, s-NonIntraSearch is infinite and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ conditions are always fulfilled) the UE shall measure all configured overlapping EMR carriers according to 4.2.2.4 (and not 4.2.2.7).
When s-NonIntraSearch threshold are configured (hence, s-NonIntraSearch is not infinite) Srxlev > SnonIntraSearchP or Squal > SnonIntraSearchQ conditions may be fulfilled or not. In this case, the UE measurement requirements are as follows:
a. If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ: UE shall follow measurement requirements according to 4.2.2.4 (not 4.2.2.7) for overlapping EMR carriers.
b. If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is not configured with any high priority carriers: UE shall follow measurement requirement according to 4.2.2.4 without applying s-NonIntraSearch threshold for EMR carriers.
c. If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers: UE shall at least measure at least high priority carriers according to 4.2.2.7 and 7 and shall at least measure at least measure configured, overlapping EMR carriers according 4.2.2.7.
d. If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ: and UE is configured with one or more high priority carriers: UE may measure configured carriers according to 4.2.2.4. 
Agree on proposal 7 and proposal 8 as a package.

Allowing UE to follow the measurement requirements on overlapping carriers according to 4.2.2.4 or 4.2.2.7 when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, leads to uncertainty on network side related to the measurement accuracy of the EMR measurements reported by the UE.
Uncertainty on network side related to the measurement accuracy of the EMR measurements reported by the UE will negatively impact all UEs configured with EMR.
The UE indicates to the network if the reported EMR results are performed while applying s-NonIntraSearch thresholds to the EMR carriers or not.
For Rel-16 the requirements in proposal 7 and proposal 8 applies.
To address any uncertainty related to how the UE EMR measurements are performed by the UE (according to section 4.2.24 or 4.2.2.7), we see a need for a UE indication such that network will have visibility to how the UE performed the reported measurements:
RAN4 to send LS to RAN2 to introduce means for UE to indicate whether the UE applied search thresholds when measuring the reported early measurement or not. Indication should be defined in Rel-16, if possible, otherwise in Rel-17
If RAN2 cannot introduce the solution in Rel-16, we propose that for Rel-16, if s-NonIntraSearch thresholds are configured, and Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers, the UE may measure overlapping EMR according to section 4.2.2.7 or 4.2.2.4.
If RAN2 cannot introduce the solution in Rel-16, we propose that or Rel-16 the network will not be aware of UE which UE requirements the UE applies if s-NonIntraSearch thresholds are configured, and Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and UE is configured with one or more high priority carriers
Agree Proposals 11 - 14 as a package.

Related to measurement requirements on EMR carriers a number of cases are missing. for those we suggest following:
For non-overlapping NR FR2 carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.
For non-overlapping LTE inter-RAT carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.
Measurement requirements for an overlapping NR inter-RAT EMR carrier follow the principles of of proposal 15.
For non-overlapping NR inter-RAT carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.

For measurement requirement for UE who supports the beam level EMR reporting, RAN4 left it open in last meeting whether X is 3 or 5:
For an inter-frequency carrier, the UE is required to acquire the index of the SSB within 3 DRX cycles. Hence, X = 3.
For an inter-RAT NR carrier, the UE is required to acquire the index of the SSB within 3 DRX cycles. Hence, X = 3.

When a cell will remain detectable after entering idle mode after connection release should not be conditioned by a future condition which is unknown at the time of the connection release.
The cell detected state conditions during transitioning to idle mode need to be conditioned by the cell conditions at the time of release and not on potential future cell conditions once the connection is established.
New condition would be: The detected cell and SSBs remains detectable during the state transitioning to idle mode.
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1. Overall Description:

RAN4 has discussed the MR-DC UE measurements for early measurement reporting and reached agreement on the related UE measurement requirements.
However, the agreement leads to ambiguity in the reported results if the network has configured s-NonIntraSearch thresholds in the cell and one or more high priority carriers. In this case the results reported by the UE could have been measured according to 1) high priority carrier measurement requirements (Thigher_priority_search = (60 * Nlayers) seconds) or 2) they could have been measured according to when no s-NonIntraSearch thresholds had been configured (Kcarrier * Tmeasure,NR_Inter).
RAN4 agreed that the network can benefit from knowing which measurement approach has been applied by the UE (e.g. in deployments where the UE may move) when the UE is requested to report any idle mode measurements.
From RAN4 point of view it would be beneficial to support such indication from Rel-16, but if not feasible then from Rel-17.

2. Actions:
To RAN2 groups:
ACTION: 	RAN4 kindly asks RAN2 to take the above information into account in their work on EMR and inform RAN4 if an indication is introduced in Rel-16 or Rel-17.


3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #97-e 	October, 2020
TSG-RAN WG4 Meeting #98 	March, 2021
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