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Introduction
RAN4 has been discussing the RRM requirement for the idle mode SCell measurement, and the way-forward [1] was agreed in the last RAN4 #86bis meeting to capture the remaining open issues in the idle mode SCell measurement. 
In this paper, we discuss the open issues in the idle mode Scell candidate measurement. 
Discussion
In the last RAN4 meeting, the following way-forward [1] was agreed to capture the open issues in the idle mode Scell candidate measurement. 
	· Applicability of the requirement
· Option 1: Known cell only
· Option 2: Both known cell and unknown cell
· [bookmark: _Hlk513581923]Minimum number of cells and inter-frequency layers to measure
· Option 1: Total X1 known cells across Y1 inter-frequency layers and Total X2 unknown cells across Y2 inter-frequency layers	
· Option 2: Total X3 cells across Y3 inter-frequency layers
· Measurement scheme for known cell and unknown cell
· Option 1: Best effort 
· Option 2: At least 1 measurement provided that W seconds past since UE entered idle mode
· Option 3: Every Z seconds
· Other options not precluded
· Measurement accuracy is defined based on
· Option 1: single measurement
· Option 2: periodic measurement
· Known cell condition
· E.g. use similar definition as in connected mode
· Other conditions not precluded
· Measurement time limitation 
· Option 1: no limitation
· Option 2: T1 seconds after UE enters idle mode without dedicated CA candidate list (SIB5), T2 seconds after UE enters idle with dedicated CA candidate list (RRC)
· Other options not precluded
· Idle mode RRM measurement impact/relaxation



Applicability of the requirement
There have been lots of discussion in the last a few RAN4 meetings about how to define the requirement for idle mode Scell candidate measurement. Considering the potential power impact and the unpredictable opportunistic nature of the gain from the idle mode Scell candidate measurement, some proposals were made to define the requirement for idle mode Scell measurement in a best effort sense [2-3]. On the other hand, there was some concerns about the usefulness of the feature when the requirement is defined in a best effort sense since the UE may not report any measurement to the network. To make progress while addressing the concerns on both apects, we propose to define the minimum requirement only for the known cells. The measurement of the known cell does not require any pre-requisite cell identification and hence can be performed with less number of the measurement sample(s), e.g., without needing multiple/periodic measurements.
Proposal 1. RRM core/performance requirement is defined based on known cell only. 
Proposal 2. Idle mode Scell candidate measurement for an unknown cell is left as best effort. For unknown cell, only the accuracy requirement may apply for any measurement UE may report.
Accordingly, the minimum number of Scell candidate cells and inter-frequency layers UE should measure in the idle mode can be defined only for known cells. 
Proposal 3. When one or more known cells are configured as Scell candiates by the dedicated RRC message, UE should measure at least one Scell candidate cell of one inter-frequency layer in idle mode, provided that all necessary side conditions to be defined for the known cell are met.
Known Cell Condition
In our view, the known cell condition for the Scell candidate can be defined in a way similar to the existing RAN4 requirement. Considering the existing known cell condition in the legacy Scell activation, an inter-frequency cell can be assumed known from the perspective of the idle mode Scell measurement when the following conditions are met:
Proposal 4. An inter-frequency cell is considered as a known cell from the idle mode measurement perspective if
a) During the period equal to TBD seconds before UE receives the RRC connection release, UE has sent a valid measurement reports for the cell
b) The cell remains detectable from TBD seconds before UE receives the RRC connection release until the UE reconnects to the network and provides the meausrement report
c) The cell is included in the list of the inter-frequency cells for idle-mode Scell candidate measurement provided in the RRC connection release message

Measurement scheme and accuracy
From CA configuration perspective, it would be sufficient for the measurement to tell whether the signal quality of a certain inter-frequency cell is suitable for a Scell at the time of the reconnection. Furthermore, given that the idle mode Scell candidate measurement is not necessarily related to the UE mobility/cell reselection, our view is that the frequent measurement is not required. If some UE performs a periodic measurement for the Scell candidates, the measurement periodicity shorter than 60 seconds (that of high-priority inter-frequency layer) may not provide much benefit while resulting in more power consumption. This is because for a brief idle period shorter than 60s, the eNB may simply use the inter-frequency measurement for the known cell previously received from the UE during the last RRC_CONNECTED state.
As discussed in [2-3], it is desirable to define a requirement agnostic to the actual UE implementation of the idle mode measurement since depending on complexity/power tradeoff, some UE may prefer an aperiodic measurement during the RRC connection over the periodic measurement. 
Combining the aforementioned aspects, we propose that RAN4 requirement is defined assuming that UE makes at least one idle mode measurement for a known cell provided that UE has stayed in idle mode for longer than 60 seconds, and validity time is not expired.
Proposal 5. For a known cell, UE performs at least one idle mode measurement, provided that 
· at least 60 seconds have passed since UE enters the idle mode, and 
· validity timer is not expired

Considering a possibility for aperiodic measurement, the relaxed accuracy requirement based on single measurement can be defined for the reported measurement of the Scell candidates. Note that since only those cells with the relatively high SNR are of interest from the idle mode measurement perspective, a single measurement should be able to provide enough accuracy for those Scell candidate cells of interest.
Proposal 6. Measurement accuracy requirement for idle mode Scell candidate measurement is defined based on a single measurement under the relaxed side condition of RSRP|dBm, RSRP Ês/Iot, RSRQ, RS-SINR, SCH_RP|dBm and SCH Ês/Iot suitable for Scell configuration.

Measurement time limitation
According to the recent LS [4], RAN2 agreed on the ranges for the validity timer, {10, 30, 60, 120, 180, 240, 300} seconds, which is provided only via dedicated RRC signaling. Also agreed is that UE is only required to do Scell candidate measurement while the timer is running, and it is left up to UE implementation whether to do the Scell candidate measurement after the timer expires. Considering that large validity timer value may affect UE’s idle mode power consumption, the range of validity timer captured in the RAN2 LS [4] is acceptable in our view.
Proposal 7. For known cells, the measurement time limitation follows the validity timer provided in the RRC connection release message which can be as large as 300 seconds.
Proposal 8. For both known and unknown cells, idle mode Scell measurement is up to UE implementation and left as best effort when the validity timer is not provided, e.g., SIB5-based, or after the validity timer expires. 
Conclusion
In this paper, we discussed the open issues in the idle mode Scell candidate measurement. The proposals based on the discussion are summarized as follows:
Proposal 1. RRM core/performance requirement is defined based on known cell only. 
Proposal 2. Idle mode Scell candidate measurement for an unknown cell is left as best effort. For unknown cell, only the accuracy requirement may apply for any measurement UE reports.

Proposal 3. When one or more known cells are configured as Scell candiates by the dedicated RRC message, UE should measure at least one Scell candidate cell of one inter-frequency layer in idle mode, provided that all necessary side conditions to be defined for the known cell are met.
Proposal 4. An inter-frequency cell is considered as a known cell from the idle mode measurement perspective if
a) During the period equal to TBD seconds before UE receives the RRC connection release, UE has sent a valid measurement reports for the cell
b) The cell remains detectable from TBD seconds before UE receives the RRC connection release until the UE reconnects to the network and provides the meausrement report
c) The cell is included in the list of the inter-frequency cells for idle-mode Scell candidate measurement provided in the RRC connection release message

Proposal 5. For a known cell, UE performs at least one idle mode measurement, provided that 
· at least 60 seconds have passed since UE enters the idle mode, and 
· validity timer is not expired

Proposal 6. Measurement accuracy requirement for idle mode Scell candidate measurement is defined based on a single measurement under the relaxed side condition of RSRP|dBm, RSRP Ês/Iot, RSRQ, RS-SINR, SCH_RP|dBm and SCH Ês/Iot suitable for Scell configuration.

Proposal 7. For known cells, the measurement time limitation follows the validity timer provided in the RRC connection release message which can be as large as 300 seconds.
[bookmark: _GoBack]
Proposal 8. For both known and unknown cells, idle mode Scell measurement is up to UE implementation and left as best effort when the validity timer is not provided, e.g., SIB5-based, or after the validity timer expires. 
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