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1 Introduction
In RAN2#105b [1], RAN2 made good progress on NR early measurement configuration. In this contribution, we address the following FFS:  
Agreements

FFS: Whether there are differences in the configuration that can be provided by RRCRelease and SI.

4:
For both IDLE and INACTIVE early measurements, the following IEs can be optionally configured per NR frequency in both NR RRCRelease message and NR SIB:

-
A list of frequencies and optionally cells (similar to measCellList in LTE euCA) the UE is required to perform early measurements. 

-
A cell quality threshold (similar to qualityThreshold in LTE euCA) the UE is required to report the measurement results only for the cells which met the configured thresholds.

FFS: A validity Area (similar to validityArea in LTE euCA) to indicate the list of cells within which UE is required to perform early measurements. If the UE reselects to a cell outside this list, the early measurements are no longer required (same as timer expiry).


o
If it is absent, the UE will not have area limitation of early measurements. 

FFS: Whether additional beams can be reported.

FFS: Whether to support CSI-RS based NR early measurements

Basically, the FFS we tried to address are:
· Whether there are differences in the configuration that can be provided by RRCRelease and SI.
· Whether a validity Area (similar to validityArea in LTE euCA) is supported in NR.
· Whether additional beams can be reported (besides the beam with highest measurement quantity).
· Whether to support CSI-RS based NR early measurements
2 Discussion  
We discuss the above FFS one by one:
#FFS1: whether there are differences in the configuration that can be provided by RRCRelease and SI
As LTE euCA, RAN2 has agreed NR early measurements can be configured in both NR RRCRelease message and NR system information [1]. In LTE euCA, the specification can be summarized as follows:

1) The configuration in RRCConnectionRelease message is used for UE dedicated configuration, while the configuration in SIB5 is mainly used for mobility purpose, i.e. continuity of measurement in case of cell reselection. When different, the measurement configuration in release message overrides the one in SIB5.

2) Validity timer (T331) is carried only in RRCConnectionRelease message.
Observation 1: In LTE euCA, the configuration in RRCConnectionRelease message is used for UE dedicated configuration, while the configuration in SIB5 is mainly used for mobility purpose, i.e. continuity of measurement in case of cell reselection. When different, the measurement configuration in release message overrides the one in SIB5.
In NR, we think the above principle can be reused. Note that 2) was agreed in last RAN2 meeting. Thus, we propose:
Proposal 1: As LTE euCA, the early measurement configuration in UE dedicated RRCRelease message may be different from the one in cell specific SI. When different, the measurement configuration in RRCRelease message overrides the one in NR SI.
For the intention of this FFS, our understanding is that some companies had concern that if early measurement configuration in NR SI is different from legacy measurement configuration for cell selection/reselection, then it will increase the UE measurement burden in IDLE/INACTIVE state. As illustrated in [2] [3], it may mean that early measurement has to be performed by all UEs while it should be preferred that such increased burden should be configured to a selective set of UEs i.e. the ones really requiring this.
Observation 2: Some companies had concern that if early measurement configuration in NR SI is different from measurement configuration for cell selection/reselection, then it will increase all IDLE/INACTIVE UEs’ measurement burden.
In our understanding, the above concern seems a misunderstanding. In LTE euCA, the early measurement configuration in SIB5 is mainly used for mobility purpose, i.e. continuity of measurement in case of cell reselection. However, the UE only performs early measurements in reselected cell when all the 3 following conditions are satisfied:

1) The reselected cell had broadcast 1-bit indication (i.e. idleModeMeasurements) in SIB2.
2) The early measurement configuration in LTE SIB5 is compliant to the UE’s CA capability and band combinations.
3) The reselected cell is included in the UE’s validity area (if configured).
And please note that 1) was agreed in RAN2#105b [1]. Thus, in our understanding, if 2) can be agreed in NR, it can limit early measurements only to the UEs really requiring it and will not significantly increase IDLE/INACTIVE UEs’ measurement burden. 
Observation 3: With indication about the cell's early measurement support in NR SI (agreed) and specification that the UE only performs early measurements based on its CA capability and supported band combinations (FFS), it can limit early measurements only to the UEs really requiring it. 

Meanwhile, please note that RAN2 has agreed that SSB frequencies to be performed in early measurements can be located out of sync raster because of the possibility that PSCell/SCell may be located out of sync raster. While SSB frequencies for cell selection/reselection have to be located in sync raster. Thus, it is our understanding that at least in this case, early measurement configuration in NR SI is different from measurement configuration for cell selection/reselection.
Observation 4: At least when SSB frequencies to be performed in early measurements are located out of sync raster, early measurement configuration in NR SI is different from measurement configuration for cell selection/reselection.

Based on above analysis, we can see that early measurement configuration in NR SI should be allowed to be different from legacy measurement configuration for cell selection/reselection. And if we agree to reuse LTE euCA rule on CA capability and band combination, then we can limit early measurements only to the UEs really requiring it. 
Proposal 2: Similar to LTE euCA, the UE is required to perform early measurements only when the configuration is compliant to its CA and/or DC capability and supported band combinations.
Proposal 3: Early measurement configuration in NR SI may be different from measurement configuration for cell selection/reselection.
#FFS2: whether a validity Area (similar to validityArea in LTE euCA) is supported in NR
In LTE euCA, validity area indicates a list of cells within which UE is requested to do IDLE mode measurements [4]. If the UE reselects to a cell outside this list, the measurements are no longer required. It also provides flexibility for the network to control the UE behaviour based on network deployment. In NR, we think it may be useful for power saving purpose to avoid measurements of cells that cannot be used for CA or DC, but at the expense of NW configuration complexity. Considering it has been specified in LTE euCA, we think it can be reused for NR IDLE/INACTIVE UE as Optional, i.e. if it is absent, the UE will not have area limitation of early measurements.
Observation 5: Validity area may be useful for power saving purpose to avoid measurements of cells that cannot be used for CA or DC, but at the expense of NW configuration complexity.

Proposal 4: Validity area can be reused for NR IDLE/INACTIVE UE as Optional, i.e. if it is absent, the UE will not have area limitation of early measurements.
#FFS3: whether additional beams can be reported (besides the beam with highest measurement quantity)
In CONNECTED RRM of Rel-15, the UE can be configured to report more than 1 L3 filtered beam measurement results. This is intended to provide dedicated RACH resource configuration in the target cell during HO/SCG change, especially for mmW deployment. For fast DC/CA setup, contention free RA procedure can help to reduce the latency to setup DC operation. Thus, our understanding is that more than best 1 beam reporting may be helpful in mmW deployment, but we also share the concern that it may significantly increase IDLE/INACTIVE UEs’ measurement burden if the maximum beam number to measure is large. 
Observation 6: More than best 1 beam reporting for early measurements may be helpful in mmW deployment to provide dedicated RACH resource configuration in target cell during SCG change, but it may significantly increase IDLE/INACTIVE UEs’ measurement burden if the maximum beam number to measure is large.
Thus, we understand that it is a trade-off issue between latency performance in RACH during SCG change and power consumption performance for extra beam measurements. Considering that RAN2 has not started the discussion on RAN4 requirements on NR early measurements (e.g. maximum number of frequency layers and the number of cells in each frequency layer to monitor), we suggest RAN2 postpone the discussion after RAN4 requirements are concluded.
Proposal 5: RAN2 is suggested to postpone the discussion on whether additional beams can be reported after RAN4 requirements are concluded (e.g. maximum number of frequency layers and the number of cells in each frequency layer to monitor).
Another identified issue is whether to specify L3 filter for cell and beam level early measurement reporting. In our understanding, the UE still performs L3 filtering in IDLE/INACTIVE state measurements, but how to do it is up to UE implementation as long as the below requirements in Section 4.2.2.2 of TS 38.133 [5] are satisfied: 

=============================TS 38.133 [5]=================
4.2.2.2
Measurement and evaluation of serving cell
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least once every M1 DRX cycle; where:

M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤  0.64 second,

otherwise M1=1.

The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.

========================================================
Please note if specification of L3 filtering in IDLE/INACTIVE state measurements was agreed, it will bring new UE requirements on IDLE/INACTIVE RRM. Then RAN4 is required to be involved. We are not sure whether it is worth such significant efforts for it in DCCA enhancement. Furthermore, since early measurement is just for DC/CA, not for HO, then as long as the UE has same L3 filter for the measured cells (e.g. using last NW configured L3 filter coefficient), the impact should be marginal. 

Also, please note that LTE euCA has not specified L3 filtering for IDLE measurements. So, we think the same principle can be reused. Otherwise, we need to address the misalignment between LTE early measurements and NR early measurements.

Proposal 6: As LTE euCA, do not specify L3 filtering for NR cell/beam early measurements. It is up to UE implementation as long as the requirements of TS 38.133 are satisfied. 
#FFS4: whether to support CSI-RS based NR early measurements

For DC setup, SSB is always required for PSCell; while for CA setup, the SCell with SSB is also required to be configured even with CSI-RS based measurements because SSB is required to be configured for timing reference of CSI-RS. Thus, SSB based early measurements are necessary, but CSI-RS based measurement is just nice to have. 
Although Rel-15 supported SCell without SSB, we think it is a corner case, and its usage in early measurements is questioned (e.g. RAN2 has agreed that NR does not support comparison between SSB based measurement CSI-RS based measurement in Rel-15). Considering only limited TU is allocated to DCCA enhancement, we don’t want to complicate the IDLE/INACTIVE measurement for fast DC/CA setup. In addition, CSI-RS based measurements are quite power consuming. It works only in CONNECTED mode in NR rel-15. We don’t think it is good idea to introduce it in IDLE / INACTIVE measurements.
Observation 7: SCell without SSB is a corner case and its usage in early measurements is questioned (e.g. RAN2 has agreed that NR does not support comparison between SSB based measurement CSI-RS based measurement in Rel-15).

Observation 8: Introducing CSI-RS based NR early measurements will significantly increase NR IDLE/INACTIVE UEs’ power consumption. 
Furthermore, different from SSB based measurements, CSI-RS is configured per cell, and the concept of “frequency layer” of CSI-RS is not clear up to now. It may lead to change structure of per-frequency early measurement configuration. Considering SSB based measurement can cover almost all cases of fast CA/DC setup. We don’t think it is worth considering in its 1st release. Thus, we propose:
Proposal 7: Don’t support CSI-RS based NR early measurements in Rel-16.
3 Summary
In this contribution, we discuss remaining issues of NR early measurement configuration. We propose:  
Observation 1: In LTE euCA, the configuration in RRCConnectionRelease message is used for UE dedicated configuration, while the configuration in SIB5 is mainly used for mobility purpose, i.e. continuity of measurement in case of cell reselection. When different, the measurement configuration in release message overrides the one in SIB5.
Observation 2: Some companies had concern that if early measurement configuration in NR SI is different from measurement configuration for cell selection/reselection, then it will increase all IDLE/INACTIVE UEs’ measurement burden.
Observation 3: With indication about the cell's early measurement support in NR SI (agreed) and specification that the UE only performs early measurements based on its CA capability and supported band combinations (FFS), it can limit early measurements only to the UEs really requiring it. 

Observation 4: At least when SSB frequencies to be performed in early measurements are located out of sync raster, early measurement configuration in NR SI is different from measurement configuration for cell selection/reselection.

Observation 5: Validity area may be useful for power saving purpose to avoid measurements of cells that cannot be used for CA or DC, but at the expense of NW configuration complexity.

Observation 6: More than best 1 beam reporting for early measurements may be helpful in mmW deployment to provide dedicated RACH resource configuration in target cell during SCG change, but it may significantly increase IDLE/INACTIVE UEs’ measurement burden if the maximum beam number to measure is large.

Observation 7: SCell without SSB is a corner case and its usage in early measurements is questioned (e.g. RAN2 has agreed that NR does not support comparison between SSB based measurement CSI-RS based measurement in Rel-15).

Observation 8: Introducing CSI-RS based NR early measurements will significantly increase NR IDLE/INACTIVE UEs’ power consumption. 
Proposal 1: As LTE euCA, the early measurement configuration in UE dedicated RRCRelease message may be different from the one in cell specific SI. When different, the measurement configuration in RRCRelease message overrides the one in NR SI.
Proposal 2: Similar to LTE euCA, the UE is required to perform early measurements only when the configuration is compliant to its CA and/or DC capability and supported band combinations.
Proposal 3: Early measurement configuration in NR SI may be different from measurement configuration for cell selection/reselection.
Proposal 4: Validity area can be reused for NR IDLE/INACTIVE UE as Optional, i.e. if it is absent, the UE will not have area limitation of early measurements.
Proposal 5: RAN2 is suggested to postpone the discussion on whether additional beams can be reported after RAN4 requirements are concluded (e.g. maximum number of frequency layers and the number of cells in each frequency layer to monitor).
Proposal 6: As LTE euCA, do not specify L3 filtering for NR cell / beam early measurements. It is up to UE implementation as long as the requirements of TS 38.133 are satisfied. 
Proposal 7: Don’t support CSI-RS based NR early measurements in Rel-16.
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