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1. Introduction

For measurement coordination in LTE/NR tight interworking, some initial agreements were made during RAN2#98 meeting, and for the LS sent from RAN2 to RAN4 about “UE measurement capability across LTE and NR”, following agreements were provided after RAN4 discussion in RAN2#AH02 Qingdao meeting. 

RAN2 #98

Agreements 

1:
At least, the total number of measured carriers across LTE and NR needs to be coordinated between MN and SN so that it does not go beyond the UE capability.

FFS if there are any other UE capabilities related to measurements for which coordination is required across LTE and NR.

2: 
If MN and SN both configure a measurement object on the same carrier frequency then the measurement objects need to be configured consistently.

FFS which parts of the object need to be configured the same and which can be allowed to differ.

3
For MCG and SCG, measurements (objects/ID/reportConfigs) can be configured independently by LTE RRC (inter-RAT measurement on NR) and NR RRC (intra-NR measurements on serving and non serving frequencies). (noting that for the objects will be configured consistently as described by agreement 2)
=>
Ask RAN4 which parts of the objects (we can provide details for the object parameters) from MN and SN should be the same. If RAN4 response indicates further problems then we can reconsider these agreements.
 RAN4 #AH02

	Question#1
	Will RAN4 specify UE requirements on;
a)
the total number of measurable objects across LTE and NR? 
b)
the total number of configurable measurement events across LTE and NR?

	Agreement
	Reply to Q1-a: 
· RAN4 specifies the minmum requirements with the total number of frequency layers. 
· RAN4 will further discuss how the total number of frequency layers should be specified, i.e., per RAT, across LTE and NR, and/or across all the supported RAT-s.
· The terminology of measurable objects will be not used in RAN4 minimum requirements.
Reply to Q1-b:
· RAN4 specifies the minmum requirements with the total number of reporting criteria. 
· RAN4 will further discuss how the total number of reporting criteria should be specified, i.e., per RAT, across LTE and NR, and/or across all the supported RAT-s.


In this contribution, we share more views on the configuration and coordination of RRM measurement between the MN and SN in LTE-NR tight interworking.
2. Consideration on measurement object consistence
Based on RAN4’s reply on Q1 of LS, measurement object related requirements will not be captured in RAN4, instead the total number of frequency layers will be defined in RAN4 requirements. In LTE, since we have the principle that “E-UTRAN only configures a single measurement object for a given frequency”, the number of configured measurement objects is equal to the number of configured measured frequencies. However, in LTE/NR tight interworking, this principle will not exist due to the independent measurement configuration framework and duplicated measObjects, as discussed in our paper[1]. Considering that the total number of measured frequencies is mainly correlated with UE’s RF capability and physical operations (i.e. identification of detected cells, measurement sampling, L1 filtering...etc), in order to reduce the impact on the total number of measured frequencies, the study of measurement objects consistence should mainly focus on the operation of UE physical layer. 

Observation1: The total number of measured frequency is correlated with UE RF capability and UE physical layer operations.

Proposal1: The study of measurement objects consistence should focus on reducing the impact on measurement operations in UE physical layer.

Taking EN-DC as an example, since we haven’t discussed yet the detailed parameters of measObject on NR frequencies in both intra-NR scenario (i.e. measObject-NR in TS38.331) and inter-RAT scenario (i.e. measObject-NR in TS36.331),  the elements of measObjectEUTRA in TS36.331 are taken as a reference to identify the parameters correlated with UE physical layer, as shown in the following table.

	Parameters
	Refers to UE L1 or RRC
	Comments on elements

	carrierFreq
	L1
	The measured target frequency.

	allowedMeasBandwidth
	L1
	Used by L1 to determine not to exceed the maximum measure bandwidth.

	presenceAntennaPort1
	L1
	Used by L1 to decide whether antenna port1 can be used to measure target frequency.

	neighCellConfig
	L1
	Used by L1 to skip the MBSFN during measurement.

	offsetFreq
	L3
	Used by RRC layer for event formula evaluation.

	Cell list->PCI
	L1
	Used by L1 to identify listed cells and detected cells.

	Celllist-> cellIndividualOffset
	L3
	Used by RRC layer for event formula evaluation.

	Black list
	L1
	Used by L1 to decide whether to measure a specific cell except ReportCGI. 

	cellForWhichToReportCGI
	L1
	Used by L1 to search and read the system information of target cell. 

	measCycleSCell
	L1
	Used by L1 to determine the measurement periodicity of SCells.

	measSubframePatternConfigNeigh
	L1
	Used by L1 to determine the measured subframe in eICIC scenario.

	widebandRSRQ-Meas
	L1
	Used by L1 upon RSRQ measurement.

	Cells to apply alternative TTT
	L3
	Used by RRC layer for event reporting evaluation.

	T312
	L3
	Used by RRC layer for RLF trigger upon measurement reporting.

	reducedMeasPerformance
	L1
	Used by L1 to determine the measurement periodicity.

	measDS-Config
	L1
	Used by L1 to determine the measured resources.

	White cells
	L3
	Used by RRC layer to determine whether a specific cell can trigger measurement report. 

	RMTC configuration
	L1
	Used by L1 layer to determine the measurement periodicity of RSSI.


In detail, the neighCellConfig refers to MBMS feature which is not supported in NR R15, while measSubframePatternConfigNeigh refers to eICIC. For PCI included in Celllist and the Black list, considering these are mainly used to determine the property of target cell (i.e. listed cell/detected cell…), and can be easily merged at the UE side without performance impacts. In addition, for the parameters which are used by UE RRC layer, since separate RRC entities are supported in LTE/NR interworking, we propose that:
Proposal2: For measurement objects on the same frequency configured by both MN and SN, at least the following parameters can be configured differently, if included in both measObjectNR (i.e. measObjectNR in TS38.331 and measObjectNR in TS36.331):

· offsetFreq

· PCI list

· cellIndividualOffset

· Black list

· Cells to apply alternative TTT

· T312

· White cells

For cellForWhichToReportCGI, in LTE, UE can proceed at most one reportCGI procedure at a given time, for MR-DC, since we haven’t discussed yet whether MN and SN can support ANR simultaneously, if both MN and SN can trigger reportCGI measurement, for example, in EN-DC, LTE node can trigger reportCGI of LTE unknown cells or NR unknown cells, NR node can trigger reportCGI of NR unknown cells, but UE can proceed only one reportCGI measurement at a given time, then coordination is needed between MN and SN to ensure the measurement of reportCGI not go beyond UE capability. Otherwise, coordination may be not needed while UE can support more than one reportCGI procedures simultaneously, so we propose the following:

Proposal3: Ask RAN4 whether more than one parallel ANR procedures(i.e. reportCGI) can be supported at UE side in standalone NR and MR-DC. 
3. Measurement IDs and capability in MR-DC
Based on RAN4’s agreement, RAN4 will specify the minimum requirements with the total number of frequency layers and the total number of reporting criteria. For LTE, similar requirements are defined in TS36.133 and the separate maximum numbers of MeasObjectID, MeasConfigID and MeasID are defined in TS36.331 to ensure the configured measurements will not go beyond UE capability. 

For NR, we think RAN2 should also define the maximum number of MeasObjectID, MeasConfigID and MeasID, so the primary issue in MR-DC is whether the maximum numbers are defined separately in MN and SN, or combined for both MN and SN. For the combined solution, measurement coordination will become frequent because each measurement addition/modification/deletion within one node should be reported to the other node o determine the remaining ID resources. And once  the maximum number is reached, optimization mechanism should be discussed to facilitate subsequent measurement negotiation if one node wants to add higher priority measurement. So irrespective of whether combined capability will be introduced in RAN4, from RAN2’s perspective, to reduce the complexity of measurement coordination, we suggest to introduce separate restrictions on the maximum number of MeasObjectID, MeasConfigID and MeasID in MN and SN. 

Proposal4: For MR-DC, RAN2 should specify separate requirements for the maximum numbers of MeasObjectID, MeasConfigID and MeasID in MN and SN.

Regarding the actual resource IDs in MN and SN, considering that  measurements configured by MN and SN are transferred via different RRC PDUs, no ambiguity will be caused on UE side if the same resource IDs are used in MN and SN, so we propose:

Proposal5: For MR-DC, MeasObjectID, MeasConfigID and MeasID can be assigned independently for one UE in MN and SN.

For LTE, RAN4 specified the minimum requirements for measurements (i.e. minimum measured frequencies of each RAT), but actually the network is not aware of the exact measurement capability of a specific UE. For example, for a given RAT, if the number of configured frequencies is higher than the maximum number of UE measurable frequencies for that RAT, but not exceeding the maximum number of MeasObjectID, MeasConfigID and MeasID, the UE will determine the final measured frequencies based on UE’s implementation (i.e. based on the order of MeasID or MeasObjectID). 

Observation 2: In LTE, only minimum requirements for measurements are defined in specifications, and the network is unaware of the exact capability of a given UE.

Observation 3: In LTE, for a given RAT, UE determines the final measured frequencies based on implementation when the number of configured measurement frequencies is higher than the maximum number of UE measurable frequencies.

Based on the agreement “At least, the total number of measured carriers across LTE and NR needs to be coordinated between MN and SN so that it does not go beyond the UE capability” in RAN2#98 meeting, in our view the mentioned ‘UE capability’ refers to UE’s specific capability other than the minimum requirements defined in RAN4, so there are two alternatives to follow this principle:

· Option 1: Similarly as in LTE, the exact measurement capabilities will not be reported to network. The network is allowed to configure measurements beyond the minimum requirements specified in RAN4 and the UE will determine the final measurement frequencies and report categories based on UE’s implementation.

· Option 2: UE is required to report the exact measurement capabilities to network and the network cannot configure measurements beyond the received capabilities.                    

Since the above two options are strong related with the measurement coordination architecture in MR-DC, so in spite of which kind of requirements ( i.e., per RAT, across LTE and NR, and/or across all the supported RAT-s) will be captured in RAN4, and considering RAN4 only agreed to specify the minimum requirements, RAN2 should discuss the above two options before defining the detailed architecture of measurement coordination. 

Proposal 6: Discuss and decide between the following alternatives before defining the architecture of measurement coordination:

· Option1: Similarly as in LTE, the exact measurement capabilities (i.e. maximum number of measured frequency layers per RAT, maximum number of reporting criteria per category ) will not be reported to network. The network is allowed to configure measurements beyond the minimum requirements specified in RAN4 and the UE will determine the final measurement frequencies and report categories based on UE’s implementation.

· Option 2: UE is required to report the exact measurement capabilities to network and the network cannot configure measurements beyond the received capabilities. 

4. Consideration on s-Measure
In LTE, s-Measure is introduced to indicate the UE whether or not to perform the configured intra-frequency, inter-frequency and inter-RAT measurements, but the evaluation of s-Measure only refers to the cell quality of PCell even when the UE is configured with dual connectivity. In MR-DC, we support independent measurement configuration from both MN and SN, where SN configured measurements are mainly used to trigger SN change/release and SCG Scells management. Considering that the cell quality of NR cell may fluctuate rapidly due to the higher frequency, if we adopt the same s-Measure principle as in LTE, problems will arise according to the different characteristics between LTE and NR. For example, for EN-DC or NGEN-DC, the quality of PSCell (i.e. NR cell) may encounter instantaneous deterioration due to the high frequency, but the measurements related to SN change may not be executed timely while the quality of PCell (i.e. LTE cell) does not fulfill the requirement of s-measure, then data loss or radio link failure may happen in SN as a consequence. On the other hand, for NE-DC, if PCell (i.e. NR cell) encounters quick deterioration and satisfies the configured s-Measure, both measurements received from MN and SN will be executed, and since the measurements configured by SN used to trigger SN change (which might be of lower priority in this situation), the measurements configured by MN to trigger PCell handover may be impacted both due to lower measurement efficiency and delay of measurement report.

Hence, for MR-DC with independent measurement configuration framework, we propose that two separate s-Measures should be supported to solve the issues mentioned above.

Proposal7: In MR-DC, both MN and SN can configure independent s-Measures towards UE, with s-Measure configured by MN referring to PCell, and the s-Measure configured by SN referring to PSCell.

5. Conclusion

RAN2 is kindly asked to discuss and adopt the following observations and proposals:

Observation1: The total number of measured frequency is correlated with UE’s RF capability and physical layer operations .

Proposal1: The study of measurement objects consistence should focus on reducing the impact on measurement operations in UE physical layer.

Proposal2: For measurement objects on the same frequency configured by both MN and SN, at least the following parameters can be configured different if included in both measObjectNR(i.e. measObjectNR in TS38.331 and measObjectNR in TS36.331):

· offsetFreq

· PCI list

· cellIndividualOffset

· Black list

· Cells to apply alternative TTT

· T312

· White cells
Proposal3: Ask RAN4 whether more than one parallel ANR procedures(i.e. reportCGI) can be supported at UE side in standalone NR and MR-DC. 
Proposal4: For MR-DC, RAN2 should specify separate requirements for the maximum numbers of MeasObjectID, MeasConfigID and MeasID in MN and SN.

Proposal5: For MR-DC, MeasObjectID, MeasConfigID and MeasID can be assigned independently for one UE in MN and SN.

Observation 2: In LTE, only minimum requirements for measurements are defined in specifications, and the network is unaware of the exact capability of a given UE.

Observation 3: In LTE, for a given RAT, UE determines the final measured frequencies based on implementation when the number of configured measurement frequencies is higher than the maximum number of UE measurable frequencies.

Proposal 6: Discuss and decide between the following alternatives before defining the architecture of measurement coordination:

· Option1: Similarly as in LTE, the exact measurement capabilities (i.e. maximum number of measured frequency layers per RAT, maximum number of reporting criteria per category ) will not be reported to network. The network is allowed to configure measurements beyond the minimum requirements specified in RAN4 and the UE will determine the final measurement frequencies and report categories based on UE’s implementation.

· Option 2: UE is required to report the exact measurement capabilities to network and the network cannot configure measurements beyond the received capabilities. 

Proposal7: In MR-DC, both MN and SN can configure independent s-Measures towards UE, with s-Measure configured by MN referring to PCell, and the s-Measure configured by SN referring to PSCell.
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