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1 Introduction
In RAN2#107 [1], we made some progress in early measurements. However, we still have a lot of remaining issues. In this contribution, we discuss the remaining issues of NR early measurements, including the following aspects:
· Per-frequency SSB configuration for camping frequencies

· Per-frequency SSB configuration for non-camping frequencies, and how to resolve SSB configuration mismatch issue after cell reselection 

· Whether to apply delta or full configuration for early measurements in 2-step resume.

· How to configure early measurements for SCG in MR-DC
· UE behavior during autonomous state transition from INACTIVE to IDLE 

· UE behavior during inter-RAT cell reselection 

· Interaction between cell reselection procedure and early measurements  
2 Discussion  
2.1 Per-frequency SSB configuration for camping frequencies
In RAN2#107 [1], how to configure per-frequency SSB configuration for camping frequencies was discussed and the following agreement was made:
2: 
The legacy SSB measurement configurations in NR SIB2/4 and LTE SIB24 are reused for NR early measurements performed in frequencies which are candidates of cell selection/reselection, i.e. not introduce new measurement configurations in NR/LTE SIB for these SSBs.

Whether it can be included in RRC release message was discussed but not been concluded. The original proposal in email discussion report [2] (i.e. Proposal 4) is that these SSB configuration is not included in RRC release, given they are always provided in NR SIB2/4. But during online discussion, some companies misunderstood the proposal (e.g. they thought the proposal intended to modify NR SIB2/4) and some companies thought it was a kind of optimization. Thus, it was not agreed. However, we don’t think it is a signalling optimization because it is cell-specific configuration which seems to be not suitable to be indicated by dedicated signalling at the same time. And we can’t see any benefit from both NW perspective and UE perspective:
· From NW perspective: there is no signalling reduction benefit, given SSB config for camping cell is always broadcast in NR SIB2/4
· From UE perspective: UE always needs to acquire these configurations after cell reselection, thus there is no benefit of UE complexity reduction.  
Observation 1: There is no benefit to include per-frequency SSB configuration for camping frequencies in RRC release message from both NW perspective and UE perspective:
· From NW perspective: there is no signalling reduction benefit, given SSB config for camping cell is always broadcast in SIB2/4

· From UE perspective: UE always needs to acquire these configurations after cell reselection, thus there is no benefit of UE complexity reduction.  
Thus, we prefer to confirm the below understanding:

Proposal 1: Per-frequency SSB measurement configuration for camping frequencies can’t be included in RRC release message.
2.2 Per-frequency SSB configuration for non-camping frequencies
For SSB configuration for non-camping frequencies, the mismatch issue after cell reselection was identified as an FFS during online discussion of RAN2#107 [1]. 
4 For per frequency SSB measurement configuration for purpose of only early measurements, it can be included in both RRC release message and SIB. If provided in RRC release message, it overrides the one provided in SIB in the cell where the RRC Release message is received. (

FFS How UE manages the situation when an SSB measurement configuration for a given frequency is provided in SIB of the current cell and was also provided RRC Release (in an earlier cell).
The SSB configuration mismatch issue is illustrated in Figure.1: 
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Figure.1: Illustration of SSB configuration mismatch issue
Specifically, if these SSB configurations are included in both dedicated RRC release message and SIB, it will bring complex mismatch issues after cell reselection which are at least list below: 

· SMTC timing misalignment: Timing of SMTC is based on timing reference of PCell sending RRC release. However, the UE may move to other cells not synchronized with the original PCell.
· SSB-ToMeasure misalignment: Source cell and target cell may configure different actually transmitted SSB (i.e. different ssb-ToMeasure) for the same SSB frequency to avoid SSB collision from neighbor cells. Then in this case, the UE may have two sets of configurations for L1 RSRP/RSRQ measurements.

The above SSB configuration mismatch issue is hard to be resolved if happened. We think the cleanest solution from UE perspective is to only include it in SIB, so that after cell reselection, the UE always needs to acquire SSB configuration for non-camping frequencies from SIB of target cell and replace the old SSB configuration. This solution also got multiple companies’ support during offline discussion of last meeting [3]. 

Meanwhile, we also understand the following concerns from infra-vendors: 

· Inefficient broadcast signaling: Only including in SIB implies that it is mandated to broadcast always SSB configuration for all the carriers used for early measurements, which incurs a large signalling overhead.
· EN-DC SIB: For EN-DC deployments, LTE SIB24 is not broadcast. If broadcast signalling is the only solution, increase of LTE SIB5 size can also affect legacy LTE UEs.
As compromise, we can accept to include it also in RRC release message but with some clarification / requirements:

· NW side: NW can send RRC release message with SSB configuration only in synchronous NW, so that the SMTC issue is resolved.   
· UE side: UE is not required to continue early measurements if SSB configurations are conflicted between RRC release and SIB after cell reselection. 
Proposal 2: As compromise, per-frequency SSB measurement configuration for non-camping frequencies can be included in RRC release message only in synchronous deployments, i.e. the UE can keep the timing of SMTC upon subsequent cell reselections if obtained from RRC release message. Otherwise, the UE needs to re-acquire SMTC timing from SIB of target cell after cell reselection.

Proposal 3: After cell reselection, if the SSB configurations of some frequencies are different between RRC release and SIB, UE is not required to continue early measurements for these concerned frequencies.

As we see, we should try to avoid UE stopping early measurements due to mismatch issue. Then one straight forward solution is to introduce inter-node signaling for source and target cell to exchange early measurement configuration. For the specific signaling, we can reuse existing MeasurementTimingConfiguration message, or introduce a new X2/Xn message for that. It is suggested to send LS to RAN3 for the requirement of inter-node signaling exchange on SSB configuration for early measurements. And it is up to RAN3 to decide the specific signaling:
Proposal 4: To avoid mismatch of SSB configuration in same frequency (e.g. ssb-ToMeasure), introduce inter-node signalling for neighbour cells to exchange early measurement configuration. 

Proposal 5: Send LS to RAN3 for the requirement of inter-node signalling exchange on SSB configuration for early measurements.
In addition, we think that if the UE receives the frequency list via RRC release message, then it implies that the NW intended to configure some UE dedicated measurements (different from parameters indicated in SIB). Correspondingly, the NW should also configure the UE dedicated common control signaling (i.e. entire early measurement configuration except for the SSB configuration). Thus, it makes sense that either both frequency list and common control signalling are present in RRC release message, or both are absent. Otherwise, it looks like a bad NW configuration. Thus, we propose:
Proposal 6: If the UE receives the frequency list via RRC release message, the common control signalling (i.e. entire early measurement configuration except for the SSB configuration) is required to be also included in RRC release message.

Proposal 7: If the UE does not receive the frequency list via RRC release message, the common control signalling is also absent in RRC release message.

2.3 Handling of early measurement configuration in 2-step resume
In RAN2#107 [1], it was agreed that the NW can release or reconfigure the early measurements during 2-step resume procedure (i.e. RRCRelease in response to RRCResumeRequest), but it was not concluded whether it is a delta or complete replace.  
3: 
During a 2-step resume (i.e. RRCRelease in response to RRCResumeRequest), the network can release or reconfigure the idle mode measurements.

FFS whether this is delta or complete replace
4:
Upon the expiry of T331 while in IDLE or INACTIVE mode, the UE deletes the dedicated idle mode measurement configuration, if any.

For this FFS, we are not convinced the necessity of applying delta configuration for early measurement configuration because the following reasons:
· Signalling overhead of early measurement is not as large as RNA configuration:

Although the signalling of early measurements is not finalized, it is not expected to be as huge as RNA configuration. From RAN4 requirement of LTE euCA in Rel-15, it has a restriction of number for measured frequency and cells, i.e. at most 3 inter-frequencies and at most 8 cells per carrier frequency are supported [10]. Considering similar restriction will be introduced in NR, we don’t think the configuration will have large enough overhead to apply delta configuration like RNA configuration. 
· Spec efforts to support delta configuration:

As mentioned by some companies, RAN2 had the long discussion on how to support the delta configuration of ran-NotificationAreaInfo and several CRs try to clarify it in history. We don’t want to complicate things for this corner scenario.
· It was agreed the UE delated measIdleConfig upon expiry of T331 in INACTIVE:
Based on this agreement in RAN2#107 [1], it seems impossible to apply delta configuration after T331 expires. Then the benefit to apply delta configuration for early measurements seems to be restricted. 
· Align UE behaviour with LTE euCA
In Rel-15 LTE euCA, if measIdleConfig is included in RRC release message, the UE discards the stored configuration and applies the new one. And if the UE receives RRC release message without measIdleConfig included, the UE continues the measurements with stored configuration. We think it is better to align UE behaviour between LTE and NR early measurements.
Thus, we prefer the reuse the similar handling in LTE euCA: 
Proposal 8: If NR UE receives another RRCRelease message (with or without suspendConfig) with new early measurement configuration in 2-step resume, it shall discard stored early measurement configuration and corresponding measurement results (if any), and then apply the new early measurement configuration.
Proposal 9: If NR UE receives another RRCRelease message (with or without suspendConfig) without new early measurement configuration, it continues the validity timer and corresponding early measurements.
Meanwhile, we think it is necessary that the source gNB saves measurement configuration in the INACTIVE AS context, so that it can be passed to the target gNB among other source RRC configurations during UE context retrieval. This is necessary in NR INACTIVE UE early measurement because no availability indication was introduced in msg3. If the UE resumes in a cell different form source gNB, the resumed cell may not know whether the UE is configured with early measurements by previous cell (if it can’t be retrieved from source cell). Then the resumed cell will configure UL resource for early measurement reporting blindly, which will lead to wastage of air interface resources if the UE was not configured early measurement configuration.
Observation 2: When the UE resumes in a cell different form source gNB, the resumed cell may not know whether the UE is configured with early measurements by previous cell. Then the resumed cell may configure useless UL resource if the UE was not configured with early measurements.
Proposal 10: Early measurement configuration is included in the INACTIVE AS context, which can be passed to the target gNB among other source RRC configurations during UE context retrieval.
2.4 How to configure early measurements for SCG in MR-DC
This is an issue we have not discussed for NR early measurements. Note that it is a new issue different from LTE euCA because euCA doesn’t support MR-DC. Since the RRC release message can only be sent by PCell of MN to send UE to IDLE / INACTIVE state in NR rel-15, we think we can just follow this principle for early measurements of MR-DC, i.e. SN can’t send early measurement configurations to UE in RRC release message.     
Proposal 11: For early measurements of MR-DC, only MN can send RRC release message with early measurement configuration to the UE.
Then a followed issue is that the basic principle of RRM in MR-DC is that MN and SN independently manage their RRM. Then when the UE is sent to IDLE or INACTIVE state, the MN doesn’t know what frequencies and associated configuration for SCG. 
Observation 3: The basic principle of RRM in MR-DC is that MN and SN independently manage their RRM. Then when the UE is sent to IDLE or INACTIVE state, the MN doesn’t know what frequencies and associated configuration for SCG.
Thus, we think it is necessary to introduce new inter-node signaling to allow SN to send frequency list and associated early measurement configuration to MN for MN to send early measurement configuration of MR-DC.  
Proposal 12: For early measurements of MR-DC, SN can send frequency list and associated early measurement configuration to MN via inter-node RRC message.  

2.5 UE behavior during autonomous state transition from INACTIVE to IDLE

This is a leftover issue of email discussion 106#37 [4] where it was controversial in the discussion of UE behaviors upon autonomous state transition from INACTIVE to IDLE. In TS 38.331 [5], the following cases may cause state transition from INACTIVE to IDLE:
1) T319 expiry or integrity check failure from lower layers while T319 is running
2) UE receives CN paging
3) Inability to comply with RRCResume
4) Intra-RAT Cell re-selection while T319 or T302 is running
5) UE failed to trigger RNA due to T380 expires or due AC barring.
6) UE receives another RRCRelease message without suspendConfig from NW as response of sending RRCResumeRequest/RRCResumeRequest1 (e.g. in RNA update procedure).
7) Inter-RAT cell reselection.
In this Section, we only discuss the cases of 1), 2), 3), 4), 5). We discuss 7) in Section 2.5. And we have discussed 6) in Section 2.3.
For this issue, we have the following two options identified in email discussion 106#37 [4]:
· Option 1: the UE stops timer T331 and deletes measIdleConfig
· Option 2: the UE continues timer T331 and keeps measIdleConfig
We prefer Option 2 because we think it may be useful for fast setup of MRDC at least when re-established cell is still in validity area indicated by source cell. Note that we have agreed that NR UE follows the same early measurement configuration for early measurements in INACTIVE state and IDLE state in RAN2#106 [6]:

Agreements

1
The early measurement configuration can be different between that in RRCRelease and in SIB. If the UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB (if any).

FFS: Whether some other measurement related configuration in SI (e.g. smtc) outside of the early measurement configuration can still be used.

2
A single early measurement configuration is provided in SI for idle and inactive
FFS: Whether the early measurement configuration can be kept when the UE receives the Release (to Inactive to Idle) in response to Resume Request.

Thus, when state transition happens from INACTIVE to IDLE, we think the early measurements performed in INACTIVE mode will be valid and helpful for fast CA/DC setup at least if the UE is still in validity area indicated by stored measIdleConfig. 
Observation 4: Since we have agreed that a single early measurement configuration is provided for idle and inactive, the early measurements performed in INACTIVE will be valid and helpful for fast CA/DC setup at least if the UE is still in validity area indicated by stored measIdleConfig. 
In email discussion#37 [4], we understand that the main arguments for Option 1 are the following 2 points:
· NW can’t know UE’s previous measIdleConfig: when the UE receives an RRCSetup message in response to an RRCResumeRequest, the UE would have deleted the stored UE context and the network would not be able to know what configuration the UE had before.
· Unnecessary spec efforts: in these abnormal cases, UE NAS will then trigger TAU/Registration procedure, then the UE will enter CONNECTED state in reselected cell.
For 1), we think it seems a misunderstanding. Note that in LTE euCA, measIdleConfig is not part of the UE context [6] (as copied in Appendix A). It is not released after the UE is sent to IDLE state [6], and also not included in UE Information Retrieve Response message in TS 36.423 [7] (as copied in Appendix B). Thus, we think NW can keep measIdleConfig after the UE enters IDLE state.
Observation 5: In LTE euCA, measIdleConfig is not part of the UE context, and not included in UE Information Retrieve Response message. Following the similar principle, NW should be able to keep measIdleConfig after the UE enters IDLE state from INACTIVE in NR.
For 2), we agree that UE NAS will then trigger TAU/Registration procedure, then anyway UE will delete measIdleConfig upon reception of RRCSetup message in reselected cell. However, we also think it means that it will be redundant to specify Opinion 1, i.e. we will define too many triggering conditions for stopping T331 and measIdleConfig deletion.
Observation 6: After autonomous state transition from INACTIVE to IDLE, UE NAS will then trigger TAU/Registration procedure, then anyway UE will delete measIdleConfig upon reception of RRCSetup message. Then it will be redundant to specify extra triggering conditions for stopping T331 and measIdleConfig deletion.
Based on above discussion, we think it makes more sense for the UE to continue T331 and keep measIdleConfig. After the autonomous state transition, the UE will report stored early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest. 
Proposal 13: In the following cases which cause state transition from INACTIVE to IDLE, NR UE is allowed to continue the validity timer and keep measIdleConfig:
· T319 expiry or integrity check failure from lower layers while T319 is running
· UE receives CN paging

· Inability to comply with RRCResume

· Intra-RAT Cell re-selection while T319 or T302 is running
· UE failed to trigger RNA due to T380 expires or due AC barring.
Proposal 14: After the state transition scenarios list in Proposal 13, the UE reports stored early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest. 
2.6 UE behavior during inter-RAT cell reselection
In LTE euCA, only intra-RAT cell reselection for early measurements can happen because only fast setup of CA was studied. While fast setup of EN-DC / NE-DC was being studied in NR DCCA, and the below agreements were made:

Agreements (RAN2#105):

For IDLE/INACTIVE

1 Rel-16 early measurement configuration may contain both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario. FFS on details.  IDLE mode and INACTIVE mode details will be discussed separately

Agreements (RAN2#105b):
11: LTE UE in IDLE mode, IDLE with suspended, and INACTIVE can be configured with NR early measurements to support fast setup of (NG)EN-DC (i.e. euCA is extended to support NR measurements). Details are FFS

Because inter-RAT cell reselection is different from intra-RAT cell reselection, we need to discuss what the UE should do for the stored early measurement configuration and results. This is also a leftover issue in email discussion#37 [4], and the following two options were identified:
· Option 1: The UE stops timer T331 and deletes measIdleConfig 
· Option 2: The UE continues timer T331 and keeps measIdleConfig
Basically, we prefer Option 2 because we think it is useful for fast setup of MR-DC. When the UE performing early measurements reselects to another cell with different RAT (e.g. from NR cell to LTE cell), we think it is possible that the early measurement configurations from the source RAT are still valid in the target RAT in some deployments. We can take an example of EN-DC: If the UE is configured by NR source cell to measure both LTE and NR SCells/frequencies, and then reselects to an LTE cell. When CA and/or DC are supported by the network and UE between the reselected LTE cell and NR source cell, the stored LTE early measurements is still useful to quickly setup EN-DC when the UE established to the LTE network. 
Thus, we see benefit if the UE can continue early measurements and reports to target RAT after inter-RAT cell reselection.  
Observation 7: When the UE performing early measurements reselects to another cell with different RAT (e.g. from NR cell to LTE cell), it is possible that the early measurement configurations from the source RAT are still valid in the target RAT for quickly setup of EN-DC/NE-DC.
In email discussion#37 [4], people argued that after inter-RAT cell reselection, the UE will always attempt to establish RRC connection (i.e. entering RRC_CONNECTED) and perform a TAU in the target RAT. Thus, they thought the benefit was not much to allow UE to continue early measurements. However, we still see the following benefits of Alt-2 considering this argument:

· Overspecification of UE behaviour

Because the UE will establish RRC in target cell, T331 will be stopped and measIdleConfig will be deleted upon reception of RRCSetup message. Thus, it is redundant to specify Alt-1 (i.e. UE stops timer T331 and deletes measIdleConfig).

· Usefulness of early measurements in target RAT

During the interval of RRC establishment procedure in target RAT, the UE can still perform early measurements. In particular, most companies agreed that (it is up to UE implementation) UE could continue early measurements even after reception of RRCSetup message in email discussion#37. Thus, we think the UE has enough time to complete measurements in target RAT and report useful early measurement results to target cell. It will be wasteful to delete such useful early measurements stored by UE.  

· Aligned with carrier frequency priority handling in inter-RAT cell reselection
Option2 is same as carrier frequency priority handling in inter-RAT cell reselection: upon cell (re)selection to another RAT in which case the timer (T320) is carried on to the other RAT. 
Observation 8: Because the UE establishes RRC in target cell after inter-RAT cell reselection, T331 will be always stopped and measIdleConfig will be deleted upon reception of RRCSetup message. Thus, it is redundant to specify that UE stops timer T331 and deletes measIdleConfig.

Observation 9: After inter-RAT cell reselection, it is up to UE implementation to continue performing early measurements even after reception of RRCSetup message. Thus, the UE has enough time to complete measurements in target RAT, and it will be wasteful to delete such useful early measurements stored by UE.
Observation 10: Continuing early measurements after inter-RAT cell reselection is same as carrier frequency priority handling in inter-RAT cell reselection: upon cell (re)selection to another RAT in which case the timer (T320) is carried on to the other RAT.
In LTE euCA, validity area is introduced to control whether the UE continues early measurement after cell reselection for power saving purpose. We think that we can also use validity area in LTE euCA to control whether the UE continues early measurement after inter-RAT cell reselection. Note that only LTE cells can be configured as validity area in LTE euCA. It is required to extend validity area to both LTE and NR. Based on above analysis, we propose:
Proposal 15: In NR, validity area can be configured to cover both LTE and NR cells.
Proposal 16: The UE shall continue T331 and early measurement after inter-RAT cell reselection as long as the target cell is part of the validity area.

With regards to specific UE behaviour, there are the following 2 cases:

1) Case 1: source RAT configures early measurements for both LTE and NR
2) Case 2: source RAT configures the source RAT only (e.g. intended for CA)
For case 1, we think the UE behaviour should be similar to LTE euCA, i.e. the UE continues validity timer and early measurements upon inter-RAT cell reselection if target cell is within validity area configured by source cell. And the UE performs early measurements only if it supports MR-DC combination between the frequency and the new serving frequency (i.e. reselected cell with different RAT). 
Proposal 17: If source RAT configures early measurements for both LTE and NR, the UE continues validity timer and early measurements upon inter-RAT cell reselection if: 
· Target cell is within validity area configured by source cell;
· And the UE supports MR-DC combination between the frequency and the new serving frequency (i.e. reselected cell with different RAT).
For case 2, we prefer the simplest solution: UE stops early measurements after inter-RAT cell reselection.  
Proposal 18: If source RAT configures the source RAT only (e.g. intended for CA), the UE stops validity timer and early measurements, and deletes measIdleConfig after inter-RAT cell reselection. 
Finally, with regards to reporting of early measurements after inter-RAT cell reselection, we have the following 2 options:

· Option 1: the UE maintains one logfile to store both LTE and NR early measurements results (e.g. one logfile VarMeasEarlyReport). After inter-RAT cell reselection, the UE will report both LTE and NR early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest
· Option 2: the UE maintains two separate logfiles to store LTE and NR early measurements results (e.g. one logfile with name VarLTEMeasEarlyReport and another with name VarNRMeasEarlyReport ). After inter-RAT cell reselection, the NW can include indication in UEInformationRequest, and the UE reports accordingly in UEInformationResponse message

Between them, we think Option 1 is sufficient. Thus, we propose:
Proposal 19: The UE maintains one logfile to store both LTE and NR early measurements results. After inter-RAT cell reselection, the UE will report both LTE and NR early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest
2.7 Interaction between cell reselection procedure and early measurements  
This is an issue RAN2 has not discussed before. In TS 38.304 [9], the UE is allowed to not perform the idle/inactive measurement on equal or low priority frequency if some conditions are fulfilled:

	Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-
For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-
For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority;
-
Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 38.133 [8].


In brief, the UE is allowed to not perform the idle/inactive measurements in below cases:

· Inter-frequency measurements on equal or low priority frequency if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
· Intra-frequency measurements on non-serving cell if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ
Observation 11: According to TS 38.304, the UE is allowed to not perform the idle/inactive measurements in below cases:

· Inter-frequency measurements on equal or low priority frequency if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
· Intra-frequency measurements on non-serving cell if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ
Meanwhile, according to TS 36.331 [6], in LTE euCA, the UE performs early measurements for all the configured frequency list including frequency being candidate of cell reselection.

Observation 12: In LTE euCA, the UE performs early measurements for all the configured frequency list including frequency being candidate of cell reselection.
Thus, when one NR frequency is candidate of cell reselection and also configured for NR early measurements, it is not clear whether the UE is allowed to not perform measurements according to TS 38.304 [8].

Observation 13: When one NR frequency is candidate of cell reselection and also configured for NR early measurements, it is not clear whether the UE is allowed to not perform the corresponding measurements according to frequency priority rules specified in TS 38.304.

We don’t think it is a good idea to couple early measurement and cell reselection. Basically, the early measurement is intended to speed the CA/DC setup, instead of enhancing cell reselection. It is likely that one frequency has lower priority to stop measurements for cell reselection, but it is used as SCell frequency. In this case, it doesn’t make sense to stop early measurements according to frequency priority rules. Furthermore, RAN2 has agreed that NR frequencies to be measured can be located out of sync raster. These frequencies are not candidate of cell reselection, and thereby are not provided with frequency priorities. Thus, if NR early measurement still needs to follow the priority rule specified by 38.304, further mechanism is required to be introduced to allocate frequency priority for these frequencies. We don’t think the standardization efforts are worthwhile.   

Proposal 20: During idle/inactive state, the UE performs early measurement for all the configured frequency list no matter whether the frequency being candidate of cell reselection or not, i.e. irrespective of frequency priority rules specified in 38.304. 
Proposal 21: The UE performs cell reselection based on frequency priority, irrespective of early measurement configuration. 

3 Summary
In this contribution, we discuss all the important remaining issues of NR early measurements. We propose: 

Observation 1: There is no benefit to include per-frequency SSB configuration for camping frequencies in RRC release message from both NW perspective and UE perspective:

· From NW perspective: there is no signalling reduction benefit, given SSB config for camping cell is always broadcast in SIB2/4

· From UE perspective: UE always needs to acquire these configurations after cell reselection, thus there is no benefit of UE complexity reduction.  

Observation 2: When the UE resumes in a cell different form source gNB, the resumed cell may not know whether the UE is configured with early measurements by previous cell. Then the resumed cell may configure useless UL resource if the UE was not configured with early measurements.

Observation 3: The basic principle of RRM in MR-DC is that MN and SN independently manage their RRM. Then when the UE is sent to IDLE or INACTIVE state, the MN doesn’t know what frequencies and associated configuration for SCG.
Observation 4: Since we have agreed that a single early measurement configuration is provided for idle and inactive, the early measurements performed in INACTIVE will be valid and helpful for fast CA/DC setup at least if the UE is still in validity area indicated by stored measIdleConfig. 
Observation 5: In LTE euCA, measIdleConfig is not part of the UE context, and not included in UE Information Retrieve Response message. Following the similar principle, NW should be able to keep measIdleConfig after the UE enters IDLE state from INACTIVE in NR.
Observation 6: After autonomous state transition from INACTIVE to IDLE, UE NAS will then trigger TAU/Registration procedure, then anyway UE will delete measIdleConfig upon reception of RRCSetup message. Then it will be redundant to specify extra triggering conditions for stopping T331 and measIdleConfig deletion.
Observation 7: When the UE performing early measurements reselects to another cell with different RAT (e.g. from NR cell to LTE cell), it is possible that the early measurement configurations from the source RAT are still valid in the target RAT for quickly setup of EN-DC/NE-DC.
Observation 8: Because the UE establishes RRC in target cell after inter-RAT cell reselection, T331 will be always stopped and measIdleConfig will be deleted upon reception of RRCSetup message. Thus, it is redundant to specify that UE stops timer T331 and deletes measIdleConfig.

Observation 9: After inter-RAT cell reselection, it is up to UE implementation to continue performing early measurements even after reception of RRCSetup message. Thus, the UE has enough time to complete measurements in target RAT, and it will be wasteful to delete such useful early measurements stored by UE.
Observation 10: Continuing early measurements after inter-RAT cell reselection is same as carrier frequency priority handling in inter-RAT cell reselection: upon cell (re)selection to another RAT in which case the timer (T320) is carried on to the other RAT.
Observation 11: According to TS 38.304, the UE is allowed to not perform the idle/inactive measurements in below cases:

· Inter-frequency measurements on equal or low priority frequency if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
· Intra-frequency measurements on non-serving cell if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ
Observation 12: In LTE euCA, the UE performs early measurements for all the configured frequency list including frequency being candidate of cell reselection.
Observation 13: When one NR frequency is candidate of cell reselection and also configured for NR early measurements, it is not clear whether the UE is allowed to not perform the corresponding measurements according to frequency priority rules specified in TS 38.304.

Proposal 1: Per-frequency SSB measurement configuration for camping frequencies can’t be included in RRC release message.
Proposal 2: As compromise, per-frequency SSB measurement configuration for non-camping frequencies can be included in RRC release message only in synchronous deployments, i.e. the UE can keep the timing of SMTC upon subsequent cell reselections if obtained from RRC release message. Otherwise, the UE needs to re-acquire SMTC timing from SIB of target cell after cell reselection.

Proposal 3: After cell reselection, if the SSB configurations of some frequencies are different between RRC release and SIB, UE is not required to continue early measurements for these concerned frequencies.

Proposal 4: To avoid mismatch of SSB configuration in same frequency (e.g. ssb-ToMeasure), introduce inter-node signalling for neighbour cells to exchange early measurement configuration. 

Proposal 5: Send LS to RAN3 for the requirement of inter-node signalling exchange on SSB configuration for early measurements.

Proposal 6: If the UE receives the frequency list via RRC release message, the common control signalling (i.e. entire early measurement configuration except for the SSB configuration) is required to be also included in RRC release message.

Proposal 7: If the UE does not receive the frequency list via RRC release message, the common control signalling is also absent in RRC release message.

Proposal 8: If NR UE receives another RRCRelease message (with or without suspendConfig) with new early measurement configuration in 2-step resume, it shall discard stored early measurement configuration and corresponding measurement results (if any), and then apply the new early measurement configuration.
Proposal 9: If NR UE receives another RRCRelease message (with or without suspendConfig) without new early measurement configuration, it continues the validity timer and corresponding early measurements.
Proposal 10: Early measurement configuration is included in the INACTIVE AS context, which can be passed to the target gNB among other source RRC configurations during UE context retrieval.
Proposal 11: For early measurements of MR-DC, only MN can send RRC release message with early measurement configuration to the UE. 

Proposal 12: For early measurements of MR-DC, SN can send frequency list and associated early measurement configuration to MN via inter-node RRC message.  

Proposal 13: In the following cases which cause state transition from INACTIVE to IDLE, NR UE is allowed to continue the validity timer and keep measIdleConfig:

· T319 expiry or integrity check failure from lower layers while T319 is running

· UE receives CN paging

· Inability to comply with RRCResume

· Intra-RAT Cell re-selection while T319 or T302 is running

· UE failed to trigger RNA due to T380 expires or due AC barring.

Proposal 14: After the state transition scenarios list in Proposal 13, the UE reports stored early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest. 
Proposal 15: In NR, validity area can be configured to cover both LTE and NR cells.
Proposal 16: The UE shall continue T331 and early measurement after inter-RAT cell reselection as long as the target cell is part of the validity area.

Proposal 17: If source RAT configures early measurements for both LTE and NR, the UE continues validity timer and early measurements upon inter-RAT cell reselection if: 

· Target cell is within validity area configured by source cell;

· And the UE supports MR-DC combination between the frequency and the new serving frequency (i.e. reselected cell with different RAT).

Proposal 18: If source RAT configures the source RAT only (e.g. intended for CA), the UE stops validity timer and early measurements, and deletes measIdleConfig after inter-RAT cell reselection. 

Proposal 19: The UE maintains one logfile to store both LTE and NR early measurements results. After inter-RAT cell reselection, the UE will report both LTE and NR early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest. 

Proposal 20: During idle/inactive state, the UE performs early measurement for all the configured frequency list no matter whether the frequency being candidate of cell reselection or not, i.e. irrespective of frequency priority rules specified in 38.304. 

Proposal 21: The UE performs cell reselection based on frequency priority, irrespective of early measurement configuration. 
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Appendix A (Section 10.3 of TS 36.331) 
–
AS-Context
The IE AS-Context is used to transfer local E-UTRAN context required by the target eNB.
AS-Context information element

-- ASN1START

AS-Context ::=






SEQUENCE {


reestablishmentInfo





ReestablishmentInfo
OPTIONAL
-- Cond HO}

AS-Context-v1130 ::=




SEQUENCE {


idc-Indication-r11





OCTET STRING (CONTAINING












InDeviceCoexIndication-r11)
OPTIONAL,
-- Cond HO2


mbmsInterestIndication-r11



OCTET STRING (CONTAINING












MBMSInterestIndication-r11)
OPTIONAL,
-- Cond HO2


powerPrefIndication-r11




OCTET STRING (CONTAINING












UEAssistanceInformation-r11)
OPTIONAL,
-- Cond HO2


...,


[[
sidelinkUEInformation-r12



OCTET STRING (CONTAINING













SidelinkUEInformation-r12)
OPTIONAL
-- Cond HO2


]],


[[
sourceContextEN-DC-r15



OCTET STRING




OPTIONAL
-- Cond HO2


]],


[[
selectedbandCombinationInfoEN-DC-v1540

OCTET STRING


OPTIONAL
-- Cond HO2


]]

}

AS-Context-v1320 ::=




SEQUENCE {


wlanConnectionStatusReport-r13


OCTET STRING (CONTAINING












WLANConnectionStatusReport-r13)
OPTIONAL
-- Cond HO2

}
-- ASN1STOP

	AS-Context field descriptions

	idc-Indication

Including information used for handling the IDC problems.

	reestablishmentInfo

Including information needed for the RRC connection re-establishment.

	sourceContextEN-DC

EN-DC related context information, in particular regarding the UE capability coordination, as defined by the SCG-ConfigRestrictInfoSCG IE specified in TS 38.331 [82].

	selectedBandCombinationInfoEN-DC
Including the BandCombinationInfoSN IE specified in TS 38.331 [82]. See NOTE 1.


	Conditional presence
	Explanation

	HO
	The field is mandatory present in case of handover within E-UTRA; otherwise the field is not present.

	HO2
	The field is optional present in case of handover within E-UTRA; otherwise the field is not present.


Appendix B (Section 9.1.2.29 of TS 36.423) 
9.1.2.29
RETRIEVE UE CONTEXT RESPONSE

This message is sent by the old eNB to transfer the UE context to the new eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the new eNB
	YES
	ignore

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the new eNB
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the old eNB
	YES
	ignore

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the old eNB
	YES
	ignore

	GUMMEI
	M
	
	9.2.16
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>MME UE S1AP ID
	M
	
	INTEGER (0..232 -1)
	MME UE S1AP ID allocated at the MME
	–
	

	>UE Security Capabilities
	M
	
	9.2.29
	
	–
	

	>AS Security Information
	M
	
	9.2.30
	
	–
	

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.12
	
	–
	

	>Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	–
	

	>E-RABs To Be Setup List
	
	1
	
	
	–
	

	>>E-RABs To Be Setup Item
	
	1 .. <maxnoofBearers>
	
	
	EACH
	ignore

	>>>E-RAB ID
	M
	
	9.2.23
	
	–
	

	>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	

	>>>Bearer Type
	O
	
	9.2.92
	
	–
	

	>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	YES
	reject

	>>>DL Forwarding
	O
	
	9.2.5
	
	YES
	ignore

	>RRC Context
	M
	
	OCTET STRING
	Includes either the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 [9], or the HandoverPreparationInformation-NB message as defined in subclause 10.6.2 of TS 36.331 [9].
	–
	

	>Handover Restriction List
	O
	
	9.2.3
	
	–
	

	>Location Reporting Information
	O
	
	9.2.21
	Includes the necessary parameters for location reporting
	–
	

	>Management Based MDT Allowed
	O
	
	9.2.59
	
	–
	

	>Management Based MDT PLMN List
	O
	
	MDT PLMN List

9.2.64
	
	–
	

	>UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.97
	This IE applies only if the UE is authorized for V2X services.
	YES
	ignore

	Trace Activation
	O
	
	9.2.2
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.2.33
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.69
	
	YES
	ignore

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	ProSe Authorized
	O
	
	9.2.78
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	V2X Services Authorized
	O
	
	9.2.93
	
	YES
	ignore

	Aerial UE subscription information
	O
	
	9.2.129
	
	YES
	ignore

	Subscription Based UE Differentiation Information
	O
	
	9.2.136
	
	YES
	ignore


Cell A
RRC release:
f2: SSB config
SIB:
f1: SSB config 
f2: SSB config

SIB:
f2: SSB config
Cell B
UE uses SSB config of f2 in RRC release from cell A
Different from the SSB config of f2 which UE used



