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1. Introduction

In RAN4#92bis, requirements for early measurement were discussed but no agreement was reached due to time limit. Some open issues for further study were captured in the WF [1].

In this paper we will provide further analysis on the RRM requirements for early measurement.
2. Discussion
2.1. Early measurement in NR
Following open issues are listed in [1] regarding early measurement in NR.

	· For Idle measurements for early Measurement reporting companies are encouraged to provide input and views on following:
· For NR, 
· Should RAN4 use the concept of UE idle mode measurement capability (total number of carrier) for defining requirements for early measurement reporting?
· Should RAN4 adopt the concept of overlapping and non-overlapping carriers for defining requirements for early measurement reporting?

· For NR, the number of carriers the UE should be able to report early measurements:

· NR inter-frequency carriers

· Use of measurement thresholds to decide when measurements for early reporting should be performed by the UE.

· Impact on mobility measurement performance from measurements for early reporting.


In RAN4#92, it is agreed that supporting IDLE/INACTIVE mode CA measurement should not extend the measurement capability defined in Rel-15. Given this agreement, there is no need to define specific number of carriers for early measurement as UE measurement capability, but the concept of overlapping and non-overlapping carriers is still needed because non-overlapping carrier will increase the total number of carriers UE monitors while overlapping carrier will not.

Observation 1: non-overlapping carrier will increase the total number of carriers UE monitors while overlapping carrier will not.

It was also discussed if and how serving cell condition would impact the number of carriers UE should monitor for early measurement. In our view, the benefit of CA (or DC) is equally important for UE at cell centre and at cell edge. In this sense there seems to be no motivation to define different UE capabilities depending on serving cell condition. 

On the other hand, UE does monitor less number of carriers for reselection when serving cell is in good condition, i.e. when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ UE only monitors inter-frequency layers of higher priority. UE can then monitor more carriers for early measurement when in good condition. 
Observation 2: UE may monitor less number of carriers for reselection when serving cell is in good condition.

Based on Observation 1 and 2, we propose to update the definition of overlapping and non-overlapping carrier based on whether the carrier is monitored by UE for reselection (instead of configured to be measured for reselection):
· An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and UE monitors for inter-frequency mobility measurements. 
· A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not monitored for inter-frequency mobility measurements.
Then the number of carriers for early measurement UE should be able to measure can be defined as:
· For overlapping carriers, UE shall be able to measure any number of overlapping carriers, provided that the total number of carriers UE measures for reselection does not exceed the UE capability defined in Rel-15.
· For example, if UE measures 7 NR carriers for reselection, all reselection carriers can be configured by network for early measurement. We see no reason why UE cannot report the measurement results for those carriers to enable fast CA/DC setup.

· For non-overlapping carriers, UE shall be able to measure any number of non-overlapping carriers, provided that the total number of carriers UE measures for reselection and the non-overlapping carriers does not exceed the UE capability defined in Rel-15. 

· For example, if UE measures 4 NR carriers for reselection, UE shall be able to measure 3 NR carriers as non-overlapping carriers. Here the reselection carrier should take priority, e.g. if UE already measures 7 carriers for reselection, it should not be required to measure any non-overlapping carrier. For specification, it means UE should anyway meet the measurement capability requirement for reselection. 
Proposal 1: The definition of overlapping and non-overlapping carriers are updated as

· An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and UE monitors for inter-frequency mobility measurements. 

· A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not monitored for inter-frequency mobility measurements.

Proposal 2: UE shall be able to measure any number of overlapping carriers, provided that the number of overlapping carriers does not exceed the UE capability defined in Rel-15.
Proposal 3: UE shall be able to measure any number of non-overlapping carriers, provided that the total number of non-overlapping carriers and the carriers UE measures for reselection does not exceed the UE capability defined in Rel-15.

In RAN4#92bis, some companies proposed that the performance of reselection measurement should not be impacted by the early measurement. We think this should depend on the measurement requirements for early measurement. For example, if UE performs only single measurement (i.e. no periodic measurement) for non-overlapping carriers as in LTE euCA, the impact on reselection measurement may be minor, but if UE is required to perform periodic measurement, the measurement time for both reselection and early measurement should be scaled with the total number of carriers UE needs to monitor. 
Proposal 4: The impact of early measurement on reselection measurement depends on whether UE performs single or periodic measurement for non-overlapping carriers.
2.2. Early measurement in LTE
Following open issues are listed in [1] regarding early measurement in LTE.

	· For Idle measurements for introducing Inter-RAT early measurements in 36.133 companies are encouraged to provide input and views on following:
· For LTE, 
· Principle of introducing NR inter-RAT measurements for early reporting in LTE.
· Number of NR carriers supported for early measurement reporting.
· Detected cell status upon transitioning from connected to:
· Idle mode, or 
· inactive mode


When UE is camped in LTE, it may be configured by network to measure inter-RAT NR carriers to enable fast EN-DC setup. Different from early measurement in NR, requirements early measurement in LTE should be defined based on LTE euCA framework. 
Measurement capability

The measurement capability for LTE inter-frequency carriers are 

	A UE which supports ca-IdleModeMeasurements shall support the idle mode CA measurements of at least [1, 2 or 3] inter-frequency carriers of which zero or one inter-frequency carrier may be a non-overlapping carrier. 


We think the same of carrier number for LTE inter-frequency measurement can be re-used for NR inter-RAT measurement. One difference here is that an LTE inter-frequency carrier for early measurement may be an overlapping or a non-overlapping carrier, but inter-RAT NR carrier can only be a non-overlapping carrier. We think the number of inter-RAT NR carriers should not be further limited.
Proposal 5: When camped in LTE, UE should be able to measure for early measurement the same number of NR inter-RAT carriers as LTE inter-frequency carriers, which is FFS among 1, 2 or 3.
Measurement performance
The measurement performance for LTE inter-frequency carriers are

	For overlapping carriers, the inter-frequency measurement requirements in section 4.2.2.4 apply.

For non-overlapping 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.


As mentioned above, NR inter-RAT carriers are always non-overlapping carriers for UE in LTE. If UE only performs single measurement on detected cells as specified for non-overlapping inter-frequency carrier in euCA, it will limit the potential for the network and more importantly for the UE, to benefit from fast EN-DC setup. Therefore, we think UE should perform periodic measurement on the inter-RAT NR carriers for early measurement.

Proposal 6: When camped in LTE, UE should perform periodic measurement on inter-RAT NR carriers configured for early measurement.
2.3. Early measurement at cell change
Following open issues are listed in [1] regarding early measurement at cell change.

	· At cell change, what is the UE behaviour related to reporting of EMR
· RAN4 needs to define UE behaviour and the applicable requirements for EMR when a cell change occurs while the timer T331 is running
· Option1: UE always stops
· Option 2: UE always continues
· Option 3: UE is either stops/restarts or continues the early measurement, e.g., based on the T331 timer and the time point of the cell change relative to the timer, measurement type (inter-frequency, inter-RAT, or intra-frequency), and/or the type of the change or no change in the cell/carrier relation caused by the cell change
· For example, the UE could restart the measurement if the carrier relation or measurement type changes, say from overlapping carriers to non-overlapping carriers or from intra-frequency to inter-frequency, while the UE could continue if the carrier relation or measurement type do not change
· If the stops the early measurements, will they be reported?
· FFS: The stopped early measurement based on old samples (before the cell change) may still be reported to the network, at least when the remaining time to the expiry of the T331 timer is short or not sufficient for the new measurement (after the cell change)
· If the UE continued, which requirement applies?
· The early measurement, which was continued over a time period with one or more cell changes and was performed on a carrier which was a non-overlapping carrier with the serving carrier before and/or after the cell change, shall meet the requirement corresponding to that for the non-overlapping carrier
· FFS for other scenarios


UE measurement requirements for early measurement at cell change should depend on which measurement configuration applies after the cell reselection, which has been discussed in RAN2. 
Observation 3: UE measurement requirements for early measurement at cell change depends on which measurement configuration applies after the cell reselection, which has been discussed in RAN2.

Our understanding of the UE measurement behaviour based on RAN2 agreements so far is:
Case 1: If UE receives the frequency list by dedicated message (RRC release), it will follow the same configuration after cell reselection, i.e. UE will measure the same carriers even after cell reselection. One exception is that if the SSB measurement configuration for a carrier broadcasted by the new cell is different from the one UE received by dedicated message, UE may stop the measurement for the carrier.

Case 2: If UE receives the frequency list by broadcast message (SI), UE will follow the configuration broadcasted by the SI of the new cell, i.e. 
a) Stop measurement for a carrier, if the carrier is on the frequency list broadcasted by the SI of the old cell, but not on the frequency list broadcasted by the SI of the new cell

b) Continue measurement for a carrier, if the carrier is on the frequency list broadcasted by the SI of the old cell, and also on the frequency list broadcasted by the SI of the new cell

c) Start measurement for a carrier, if the carrier is not on the frequency list broadcasted by the SI of the old cell, but on the frequency list broadcasted by the SI of the new cell

Proposal 7: UE measurement behaviour at cell change is

· Case 1: If UE receives the frequency list by dedicated message (RRC release), it will measure the same carriers even after cell reselection. One exception is that if the SSB measurement configuration for a carrier broadcasted by the new cell is different from the one UE received by dedicated message, UE may stop the measurement for the carrier.

· Case 2: If UE receives the frequency list by broadcast message (SI), UE will

a) Stop measurement for a carrier, if the carrier is on the frequency list broadcasted by the SI of the old cell, but not on the frequency list broadcasted by the SI of the new cell

b) Continue measurement for a carrier, if the carrier is on the frequency list broadcasted by the SI of the old cell, and also on the frequency list broadcasted by the SI of the new cell

c) Start measurement for a carrier, if the carrier is not on the frequency list broadcasted by the SI of the old cell, but on the frequency list broadcasted by the SI of the new cell
UE measurement requirements can be defined accordingly. 
· For Case 1 and Case 2b, UE continues measurement for a carrier after cell reselection. As mentioned in [1] the carrier relation may change, e.g. the measured carrier may change from an overlapping carrier to a non-overlapping carrier or vice versa. Since measurement requirements may be different for overlapping and non-overlapping carriers, the applicability of requirements for the transition may need to be defined.
· For Case 2a, UE stops measurement for a carrier, and clearly no measurement requirement should apply for the carrier anymore.

· For Case 2c, UE starts measurement for a carrier, and it is very straightforward that the relevant requirements, for overlapping or for non-overlapping carrier, should apply. 
2.4. Detected cell and cell detection
Following open issues are listed in [1] regarding known and unknown cell.

	· The concept of unknown cells considering early measurement reporting.
· The UE shall not report or indicate the availability of measurements for EMR for unknown cells

· If a cell measured for EMR purpose gets unknown while the T331 timer is running, the UE has to perform the cell identification prior to measuring that cell


In our view, the issue is more relevant to the question whether UE should perform cell/SSB detection for early measurement, or just measurement on detected cell/SSBs. In LTE euCA, UE is not required to do cell detection on non-overlapping carriers or when serving cell is in good condition, instead UE is only required to measure RSRP/RSRQ on detected cells. If we follow the same principle in NR, it means UE is only required to measure detected SSB on the detected cells. UE may not be able to identify and report a better SSB/beam of the target cells, and in worst case, UE may consider the cell as not detectable based on detected SSBs while some of the other SSBs from the cell are still in good condition. We think RAN4 should discuss if UE is only required to measure detected SSBs or to identify new SSBs on the detected cells.

Proposal 8: For non-overlapping carrier, RAN4 should discuss if UE is only required to measure detected SSBs or to identify new SSBs on the detected cells.

3. Conclusions

In this paper we provided our views on RRM requirements for early measurement.
On early measurement in NR

Observation 1: non-overlapping carrier will increase the total number of carriers UE monitors while overlapping carrier will not.

Observation 2: UE may monitor less number of carriers for reselection when serving cell is in good condition.

Proposal 1: The definition of overlapping and non-overlapping carriers are updated as

· An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and UE monitors for inter-frequency mobility measurements. 

· A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not monitored for inter-frequency mobility measurements.

Proposal 2: UE shall be able to measure any number of overlapping carriers, provided that the number of overlapping carriers does not exceed the UE capability defined in Rel-15.
Proposal 3: UE shall be able to measure any number of non-overlapping carriers, provided that the total number of non-overlapping carriers and the carriers UE measures for reselection does not exceed the UE capability defined in Rel-15.

Proposal 4: The impact of early measurement on reselection measurement depends on whether UE performs single or periodic measurement for non-overlapping carriers.
On early measurement in LTE
Proposal 5: When camped in LTE, UE should be able to measure for early measurement the same number of NR inter-RAT carriers as LTE inter-frequency carriers, which is FFS among 1, 2 or 3.
Proposal 6: When camped in LTE, UE should perform periodic measurement on inter-RAT NR carriers configured for early measurement.
On early measurement at cell change
Observation 3: UE measurement requirements for early measurement at cell change depends on which measurement configuration applies after the cell reselection, which has been discussed in RAN2.
Proposal 7: UE measurement behaviour at cell change is

· Case 1: If UE receives the frequency list by dedicated message (RRC release), it will measure the same carriers even after cell reselection. One exception is that if the SSB measurement configuration for a carrier broadcasted by the new cell is different from the one UE received by dedicated message, UE may stop the measurement for the carrier.

· Case 2: If UE receives the frequency list by broadcast message (SI), UE will

a) Stop measurement for a carrier, if the carrier is on the frequency list broadcasted by the SI of the old cell, but not on the frequency list broadcasted by the SI of the new cell

b) Continue measurement for a carrier, if the carrier is on the frequency list broadcasted by the SI of the old cell, and also on the frequency list broadcasted by the SI of the new cell
c) Start measurement for a carrier, if the carrier is not on the frequency list broadcasted by the SI of the old cell, but on the frequency list broadcasted by the SI of the new cell

On detected cell and cell detection
Proposal 8: For non-overlapping carrier, RAN4 should discuss if UE is only required to measure detected SSBs or to identify new SSBs on the detected cells.
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