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Introduction
In this contribution, we share an issue of unpredictable measurement sequence for inter-frequency measurement reporting, which we observed in the real network. And we kindly ask RAN2 to identify this issue and find a way to address it.
Issue description
In current specification, network can configure UE with MeasConfig IE, which contains a list of frequencies for the UE to measure as well as report criteria. When UE performs the measurement on the configured frequencies, the sequence of the measured frequencies is left to UE implementation.
However, such kind of UE implementation causes problems in our real network. We observed that different UEs have different implementation. For example, some UEs may follow the sequence of frequency in MeasConfig, while some UEs may prior to measure the frequency which UE latest comped on. 
Observation 1: The sequence for UE to perform inter-frequency measurement is based on UE implementation. And the sequence varies for different UEs.
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Figure 1. UE A performs measurement and reporting following the sequence of measID
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Figure 2. UE B performs measurement and reporting NOT following the sequence of measID
In real network, UE is configured with multiple frequencies for measurement and reporting. As the log in figure 1 and figure 2 shows the procedure of inter-RAT inter-frequency measurement reporting and UE handover from 5G to 4G for VoLTE fallback. In the configuration procedure, both UE A and UE B are configured with measObjectEUTRA of EARFCN 38950 (Band 40), EARFCN 1300 (Band 3) and EARFCN 38400 (Band 39). The UE behaviours are quite different:
· The UE A in the first log perform measurement in the frequency sequence in measObjectEUTRA. UE A measured Band 40 firstly and report the measurement results of Band 40. The network then handover the UE A to Band 40. 
· While the UE B in the second log didn’t follow the frequency sequence in measObjectEUTRA. UE B measured Band 3 firstly and report the measurement results of Band 3. The network then handover the UE to Band 3.
We observed that when the first measured frequency satisfies the trigger event for measurement reporting, UE will directly report the measurement of that frequency and not wait for the measurement of other frequencies. The reason for network side to send the frequency in the sequence of Band 40, Band 3, Band 39 is that, Band 40 has best coverage and dedicated optimized for voice call. So Band 40 is the best frequency for VoLTE fallback. Therefore, the network side send Band 40 in the first of the sequence of frequency expecting the UE to measure Band 40 firstly.
Some may argue why network wouldn’t wait until UE B report more measurement for other frequencies. From network point of view, network can neither foresee when UE B will report the measurement of Band 40, nor foresee if Band 40 failed to meet the measurement event. So these is no timer at the network side to wait for more measurements. In addition, the waiting time also causes voice fallback delay or handover delay. Network has to handover the UE to target cell whenever a measurement report is received.
Observation 2: During measurement reporting procedure, when the first measured frequency satisfies the trigger event for measurement reporting, UE will directly report the measurement of that frequency and not wait for the measurement of other frequencies.
Observation 3: During VoLTE Fallback procedure, whenever UE reports the measurement results, network will immediately HO or redirect the UE to target LTE cell. And it is impossible for network side to wait for more measurement reporting.
With the analysis above, we can observe that the unpredictable sequence of measurement and reporting results to the UE HO or redirect to an unexpected frequency.
We observe this problem during voice fallback from NR to LTE, as we have a specific frequency optimized for VoLTE. Due to UE implementation, the UE may measure the inter-frequency not in the sequence as network configured in the MeasConfig IE. And we can also foresee this problem may occur in some other scenarios. For instance, when more network slices are deployed on different NR frequencies, network may prefer to HO UE to a frequency which support the specific slices.
Observation 4: The unpredictable sequence of measurement and reporting results to the UE HO or redirect to an unexpected frequency.
Based on the analysis and observations above, we kindly ask RAN2 to identify and address the issue in TEI18 item. We propose to standardize the UE measurement sequence for inter-frequency for both intra-RAT and inter-RAT, which will make the UE measurement reporting predictable.
Proposal 1: RAN2 is kindly asked to identify and address the issue of unpredictable measurement sequence for intra/inter-RAT inter-frequency measurement reporting.
Specification impact
RAN2 impact
If RAN2 identifies the issue of unpredictable measurement sequence and decide to address it, we further analysis on the candidate solutions. In order to implement the solution in TEI18, we are looking for ways to minimize the impact on the specification.
One of the candidate corrections to TS 38.331 is to capture in the field description of measIdToAddModList that the UE should measure the frequencies in the sequence of measID. The frequency ranked first in measID should be measured firstly.
Another candidate correction to TS 38.331 is to introduce a priority parameter for each measID. And the UE should prior to measure the frequency of high priority measID in each measurement gap.
RAN4 impact
RAN4 need to add a RRM test case to cover the in-sequence inter-frequency measurement reporting.
In current RRM test case in the Annex 6.6.2 and Annex 6.6.3.1.1 of TS 38.133, it captured the inter-frequency and inter-RAT measurement reporting test cases. In order to support the testable of in-sequence measurement reporting, the Annex 6 of TS 38.133 need to add new cases to test whether the UE can in-sequence report the measurement. 
And how the UE perform in-sequence measurement can either be left to UE implementation or add new procedural text in RAN4 core specification. That part can be left for RAN4 decision.
Based on the analysis on the impact to RAN2 and RAN4, we can see the impacts are manageable. And considering the urgency of the real network issue, we propose to address this issue in TEI18.
Proposal 2: RAN2 is kindly asked to agree on introducing in-sequence inter-frequency and inter-RAT measurement and reporting in TEI18, and sends a LS to RAN4 to trigger their work on RRM test case. 
Conclusions
In this contribution, we discuss on an issue we encountered in our real network. The observations and proposals are as follows:
Observation 1: The sequence for UE to perform inter-frequency measurement is based on UE implementation. And the sequence varies for different UEs.
Observation 2: During measurement reporting procedure, when the first measured frequency satisfies the trigger event for measurement reporting, UE will directly report the measurement of that frequency and not wait for the measurement of other frequencies.
Observation 3: During VoLTE Fallback procedure, whenever UE reports the measurement results, network will immediately HO or redirect the UE to target LTE cell. And it is impossible for network side to wait for more measurement reporting.
Observation 4: The unpredictable sequence of measurement and reporting results to the UE HO or redirect to an unexpected frequency.
Proposal 1: RAN2 is kindly asked to identify and address the issue of unpredictable measurement sequence for intra/inter-RAT inter-frequency measurement reporting.
Proposal 2: RAN2 is kindly asked to agree on introducing in-sequence inter-frequency and inter-RAT measurement and reporting in TEI18, and sends a LS to RAN4 to trigger their work on RRM test case. 
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