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1 Introduction
One objective of DC/CA enhancement WI is the early measurement reporting.

RP-181469:

Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]

o
This objective applies to MR-DC, NR-NR DC and CA

o
The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode

o
The impacts on UE power consumption should be minimized

o
The LTE Rel-15 euCA work should be utilized, when applicable
In the contribution, we discuss early measurement report, which applies to MR-DC, NR-NR DC and CA. 
2 Discussion  
In NR Rel-15, early measurement reporting was raised multiple times [1] [2]. However, different companies had different understandings. Finally, it was not supported in NR Rel-15. Now, it is list in scoping of Rel-16 DCCA enhancement WI, and it is clearly indicated that “the LTE Rel-15 euCA work should be utilized, when applicable”. 
Observation 1: as indicated in scoping of Rel-16 DCCA WID, NR early measurement reporting design should reuse LTE Rel-15 euCA work as much as possible.
Considering the limited TU allocated to Rel-16 DCCA and RAN2 has spent a lot of time on LTE euCA for early measurement reporting, we think it is reasonable that LTE Rel-15 euCA work should be baseline of Rel-16 early measurement reporting, to avoid the possible distraction of discussion.
Proposal 1: LTE Rel-15 euCA should be design baseline of early measurement reporting in Rel-16 DCCA enhancement WI, to avoid the possible distraction of discussion.
2.1 Overview of Rel-15 LTE euCA

The procedure of early measurement reporting in Rel-15 LTE euCA is illustrated in Figure.1. 
· LTE SIB2 indicates the cell supporting early measurement reporting. 

· NW provides measurement configuration of potential SCell via LTE SIB5 or dedicated measurement configuration in RRCConnectionRelease
· RRC release message: UE is configured with 
· Valid Area (list of up to 8 cells)
· Valid Timer (T331): (up to 5min) to control how long UE can perform IDLE mode measurements, for UE power saving purpose.
· Dedicated Frequency list and cells per frequency
· SIB5: for fallback purpose (e.g. UE moves to another cell different from the one sending RRCRelease)
· UE performs IDLE Mode measurements and provides indication of the availability of MRs to eNB in RRCConnectinSetup (i.e. Msg5)

· NW requests UE to report those measurements only after AS security activation (i.e. earliest measurement reporting is in Msg9)
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Figure.1 illustration of early measurement reporting in Rel-15 LTE euCA
Observation 2: In LTE Rel-15 euCA, NW provides multiple frequencies list via SIB 5 or dedicated measurement configuration in RRC Connection Release to assist UE RRC_IDLE Mode measurements. UE reports early measurements only after AS security activation (i.e. as early as Msg9).
2.2 Baseline of Rel-16 NR early measurement reporting

We can reuse LTE euCA procedure to NR. An example is illustrated in figure.2. The key points are:

· NW provides early measurement configuration via NR SIB4 or NR RRCRelease message
For early measurement configuration, it can include both NR and LTE configuration, only NR configuration or only LTE configuration, in order to support various MR-DC and CA scenario.

Proposal 2: Rel-16 early measurement configuration may both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario.

The details of LTE early measurement configuration can just copy Rel-15 LTE euCA. But for the configuration details of NR, further consideration is required. As we know, UE will rely on SSB to perform IDLE / INACTIVE measurements in NR. Therefore, it should include SMTC measurement configuration. Furthermore, NR supports both cell level and L3 beam level measurements, which are useful for NW to provide CFRA resources of target PSCell RACH access. Therefore, we think that both cell derivation configuration and L3 beam level measurement configurations should be included.  
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Figure.2 baseline of Rel-16 NR early measurement reporting procedure
Proposal 3: NR early measurement configuration needs to include NR specific measurement parameters: SMTC configuration, cell derivation configuration and L3 beam level measurement configurations.
Proposal 4: Available L3 beam level measurement results can be included in early measurement reporting if configured.  
· UE performs IDLE or INACTIVE Mode measurements and provides indication of the availability of MRs to gNB in RRCSetupComplete / RRCResumeComplete message (i.e. Msg5).
· NW requests UE to report early measurements after AS security activation via ULInformationRequest / ULInformationResponse message
Note that ULInformationRequest / ULInformationResponse message are not introduced in NR yet. Therefore, we propose:
Proposal 5: In 38.331, introduce ULInformationRequest / ULInformationResponse message for NW to request and UE to report early measurement results. 
2.3 NR enhancement of early measurement reporting
The above procedure can be regarded as a copy of LTE euCA to NR. However, it doesn’t take NR specific features into consideration for further NR enhancement. We think that NR specific features (e.g. RRC INACTIVE state, on-demand SIB) can be considered to improve NR early measurements.
Observation 3: NR specific features (e.g. RRC INACTIVE state, on-demand SIB) can be considered to improve NR early measurements

2.3.1 NR enhancement based on on-demand SIB

The first enhancement is that on-demand SIB can be introduced to reduce latency of early measurement configuration acquisition from SIB. As we know, NR SIB4 is cell common configuration with all parameters for general inter-frequency cell re-selection, which may have to be broadcast in a long periodicity (up to 5120ms) to reduce NW overhead. Then, one straight forward way is that we can include early measurement configurations in one separate NR SIB (e.g. SIB10) which can be on-demand acquired with short SI periodicity (e.g. 80ms), to reduce acquisition latency. Note that it is not expected that many UEs need to acquire SIB10 simultaneously. So, overhead should not be an issue even with short SI periodicity.

Proposal 6: To reduce latency of early measurement configuration acquisition from SIB, it can be included in one separate SIB with on-demand SIB acquisition

2.3.2 NR enhancement based on INACTIVE state
As we know, NR introduced inactive state as a new RRC state between Connected and Idle state, to enable faster transition to Connected mode when necessary. In RRC inactive state, the UE performs RAN-based notification area updates when moving outside the RAN-based notification area (RNA). 
One enhancement based on RRC inactive is how to design validity area for RRC inactive UE. In Rel-15 LTE euCA, validity area is configured with a list of physical cell ID. It can be reused in RRC inactive. However, it may introduce large overhead and can be further studied. As we know, as long as UE is still in RNA, the resumed cell can retrieve UE context from UE’s last serving cell via UE context retrieve message. Therefore, if the UE’s resumed MN can retrieve early measurement configuration from the last serving MN, then it can be regarded that the early measurement configuration still valid. Therefore, we think maybe we could reduce configuration overhead of inactive UE though configuring validity area with RAN list.
Proposal 7: Validity area configuration for INACTIVE UE should be further studied, e.g. reduce configuration overhead with RNA list. 
Furthermore, based on previous discussion, one of main RRC configuration of LTE euCA is that UE can report measurements only after AS security activation. As we know, when the UE resumes from RRC inactive state, initial SMC can be skipped by leveraging security activated. Therefore, it is possible that early measurement results can be reported earlier than Msg9 in RRC inactive state. An example could be found in figure.3. We can see that measurement results can be reported as early as Msg5, which can save about 20ms latency. The differences can be summarized:
· UE indicates availability of early measurement results in msg3 (i.e. included in RRCResumeRequest)
· NW can include request for early measurement results in msg4 (i.e. included in RRCResume) after reception of availability of early measurement results in Msg3.
· Early measurement results can be reported as early as msg5 (i.e. included in RRCResumeComplete)

Therefore, we propose:

Observation 4: For RRC inactive UE, measurement results can be reported as early as Msg5, which can save about 20ms latency.
Proposal 8: At least for RRC INACTIVE UE, it can indicate availability of early measurement results in msg3 (i.e. included in RRCResumeRequest)

Proposal 9: At least for RRC INACTIVE UE, Network can include request for early measurement results in msg4 (i.e. included in RRCResume) after reception of availability of early measurement results in msg3.

Proposal 10: At least for RRC INACTIVE UE, early measurement results can be reported as early as msg5 (i.e. included in RRCResumeComplete)
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Figure.3 Illustration of enhancement for RRC inactive UE
2.3.3 NR enhancement based on blind configuration
When early measurement reporting is not available (e.g. expiry of T331), if we still want to reduce latency of SN/SCell setup, then one feasible way is to rely on blind SN/SCell configuration. Note that in RAN2 NR-AH Qingdao [3], it was agreed blind SN addition is possible at least for EN-DC:

Agreements

1:
At least for EN-DC, the MN can perform a blind addition of the SN and use the first RRC reconfiguration message following RRC connection establishement to carry the corresponding SCG configuration. (No additional functionality will be defined enable this)

This supercedes the previous agreement on this topic.
We think it is straight forward to extend the above agreement to other MRDC cases (e.g. NR-NR DC, NE-DC). However, one issue is that UE may move when it is in idle/inactive state. In this case, NW may not know the suitable SN/SCell configuration after UE enters CONNECTED state. It will significantly limit the applicable scenario. To resolve this issue, UE can provide some assistance information to NW without reporting the measurement results. It deserves further study.
Observation 5: One issue of blind SN/SCell configuration is that UE may move when it is in idle/inactive state. In this case, NW may not know the suitable SN/SCell configuration after UE enters CONNECTED state. It will significantly limit the applicable scenario.
Proposal 11: Blind SN/SCell configuration with UE assistance information can be considered to reduce latency of SN/SCell setup if early measurement reporting is not available.
3 Summary
In the contribution, we discuss early measurement report, which applies to MR-DC, NR-NR DC and CA. We propose:  
Observation 1: as indicated in scoping of Rel-16 DCCA WID, NR early measurement reporting design should reuse LTE Rel-15 euCA work as much as possible.

Observation 2: In LTE Rel-15 euCA, NW provides multiple frequencies list via SIB 5 or dedicated measurement configuration in RRC Connection Release to assist UE RRC_IDLE Mode measurements. UE reports early measurements only after AS security activation (i.e. as early as Msg9).
Observation 3: NR specific features (e.g. RRC INACTIVE state, on-demand SIB) can be considered to improve NR early measurements

Observation 4: For RRC inactive UE, measurement results can be reported as early as Msg5, which can save about 20ms latency.

Observation 5: One issue of blind SN/SCell configuration is that UE may move when it is in idle/inactive state. In this case, NW may not know the suitable SN/SCell configuration after UE enters CONNECTED state. It will significantly limit the applicable scenario.
Proposal 1: LTE Rel-15 euCA should be design baseline of early measurement reporting in Rel-16 DCCA enhancement WI, to avoid the possible distraction of discussion.
Proposal 2: Rel-16 early measurement configuration may both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario.

Proposal 3: NR early measurement configuration needs to include NR specific measurement parameters: SMTC configuration, cell derivation configuration and L3 beam level measurement configurations.

Proposal 4: Available L3 beam level measurement results can be included in early measurement reporting if configured.  
Proposal 5: In 38.331, introduce ULInformationRequest / ULInformationResponse message for NW to request and UE to report early measurement results. 
Proposal 6: To reduce latency of early measurement configuration acquisition from SIB, it can be included in one separate SIB with on-demand SIB acquisition

Proposal 7: Validity area configuration for INACTIVE UE should be further studied, e.g. reduce configuration overhead with RNA list. 
Proposal 8: At least for RRC INACTIVE UE, it can indicate availability of early measurement results in msg3 (i.e. included in RRCResumeRequest)

Proposal 9: At least for RRC INACTIVE UE, Network can include request for early measurement results in msg4 (i.e. included in RRCResume) after reception of availability of early measurement results in msg3.

Proposal 10: At least for RRC INACTIVE UE, early measurement results can be reported as early as msg5 (i.e. included in RRCResumeComplete)

Proposal 11: Blind SN/SCell configuration with UE assistance information can be considered to reduce latency of SN/SCell setup if early measurement reporting is not available.
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