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1. Introduction
In the last RAN4 meeting, the following way-forward was agreed regarding the idle mode Scell candidate measurement for early reporting [1]:
· Early Reporting:

· Investigate the possibility of defining a measurement accuracy requirement for inter-frequency measurements done by UE during IDLE mode for Scell candidates.
· Investigate the possible measurement accuracy and measurement period.
· Investigate the possibility for aperiodic measurement.

· Fast Activation:

· Study whether the CQI performance requirement defined in TS 36.101 subclause 9.6 needs to be relaxed or not for the CQI reported from the Scell in the fast Scell activation state.
· Consider impact from latencies, e.g. cell detection and measurements

· Investigate possible power consumption impact.

In this paper, we provide the further analysis on the early reporting.
2. Discussion
When determining the measurement scheme and measurement accuracy for the early reporting, it is important to understand that the benefit from such early reporting is opportunistic [2]. UE may not connect to the network for a long period of time, resulting in the extra inter-frequency measurements being largely wasted, or UE may not be able to find any suitable Scells with an acceptable quality after performing those extra inter-frequency measurements. Furthermore, even if UE reports the inter-frequency measurement for the Scell candidates, the network may not configure any Scell to the UE during the RRC connection when there is not enough data traffic to/from the UE, or the reported Scells candidates are heavily loaded. Considering the above mentioned opportunistic nature of the gain from the early reporting, any UE requirement on the early reporting should be defined as relaxed as possible to minimize its power/complexity impact to the UE’s idle mode operation.
Observation 1. Gain from the early reporting is opportunistic while the UE impact on the idle-mode power consumption/complexity due to any periodic measurement may be deterministic and present throughout in the idle mode.

Observation 2. UE requirement for idle-mode inter-frequency measurement for early reporting should be defined as relaxed as possible.
2.1. Measurement Period

As discussed in [2], the network may configure the candidate Scell frequencies without any expiration timer. Therefore, UE in idle mode may be required to perform an extra periodic inter-frequency measurement for an indefinite amount of time until UE connects to the network. Even when the network provides some expiration timer, requiring the measurement period any shorter than that of the inter-frequency measurment for cell reselection does not make much sense, given the opportunistic nature of the gain from the early reporting. Further discussion on the feasibility on the periodic measurement needs the feedback from RAN2 about the expiration timer. However, our view is that UE should not be mandated to perform an extra periodic measurement for early reporting, and it should be left up to UE implementation whether to perform or not the extra periodic measurement for the Scell candidate layers. Furthermore, if UE performs any extra periodic measurement for the Scell candidate layers, the measurement period should not be expected to be more frequent than that of the cell reselection, e.g., ≥ Nlayer*60 seconds of the higher-priority inter-frequency layers when the serving cell satisfies the S criteria.
Proposal 1. It should be left up to UE implementation whether to perform or not an extra periodic measurement for early reporting beyond the existing cell reselection requirement.

Proposal 2. Extra periodic measurement for Scell candidate layers, if performed any, should not be expected to be more frequent than that of cell re-selection.
2.2. Aperiodic Measurement

Depending on the UE implementation, an aperiodic measurement could be an alternative way to measure the inter-frequency Scell candidates without requiring the increased power consumption throughout the idle mode period. Figure 1 shows some call flow example for the early reporting based on the aperiodic measurement. Upon receiving the connection request from upper layer, UE can configure one or more number of the Scell candidiate inter-frequency layers prior to the PRACH transmission. From the PRACH transmission until the MSG5, UE can perform the search and measurement for the candidate frequencies re-using the deactivated search mechanism. The interruption required at the beginning and the end of the deactivated search for each candidate layer can be scheduled inbetween the messages such that the RRC connection procedure remains unaffected. The number of candidate Scell frequencies that UE can configure/measure during the RRC connection could be up to the UE implementation. 
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Figure 1. Aperiodic inter-frequency Scell measurement call flow example.
Observation 3. To avoid the persistent power penalty from the periodic measurement in the idle mode, a capable-UE may perform an aperiodic measurement during RRC connection for the Scell candidiate frequency layers using deactivated search/measurement mechanism.
One implication of the early reporting based on the aperiod measurement is that it may require longer time for UE to complete RRC connection setup due to the additional delay involved in configuring/de-configuring the candidate Scell frequency layers. In some delay-sensitive scenarios, UE may not want to perform such aperiodic measurement to reduce overall connection time, while in other scenario the same UE may want to report more Scell candidate layers to benefit from the fast Scell configuration. Therefore, UE should be able to choose the best trade-off between the faster Scell configuration from the early reporting and the shorter RRC connection time and less complexity, and it is not desirable to always mandate UE to perform an aperiodic measurement for the Scell candidate measurement.
Observation 4. Aperiodic measurement may introduce some additional delay in RRC connection setup while configure/deconfigure the inter-frequency Scell candidate layers.
Proposal 3. It should be left up to UE implementation whether to perform or not an extra aperiodic measurement for early reporting.
2.3. Minimum number of Scell candidate inter-frequencies to report
Given the opportunistic nature of the gain from the early reporting, the number of Scell candidate layers UE needs to measure should remain best-effort. UE should be allowed not to perform any Scell candidate inter-frequency measurement other than the ones requierd for cell re-selection even if the network provides non-zero number of the inter-frequency layers. This ensures the flexibility in the UE implementation to determine the appropriate trade-off between the opportunistic gain from the faster Scell configuration and the longer stand-by time or the reduced complexity/delay by skipping any extra periodic/aperiodic measurement for early reporting.

Proposal 4. The number of the inter-frequency Scell candidate layers a UE reports to the network should be left best effort. UE should be allowed not to perform any inter-frequency measurement other than the ones required for cell re-selection. 
One concern of the above proposal might be that it could make it difficult to verify UE’s conformance on the measurement accuracy requirement since UE may not report any measurement at all. This can be circumvented by a proper test case design. For instance, the TE can configure one inter-frequency layer F of higher priority with the test parameters to ensure UE does not actually re-select to the inter-frequency layer F. At the same time, TE can include the same inter-frequency layer F as a potential Scell candidate that requires early reporting. Since UE should search for and measure the configured inter-frequency layer F for potential cell re-selection anyways, the measurement is guaranteed to be performed and available, and UE should include the measurement report for the inter-frequency layer F during the RRC connection.

Observation 5. UE’s early reporting functionality can be verified by configuring one or more number of inter-frequency layers as both the early reporting candidate and the higher-priority layers for cell reselection.

2.4. Measurement Accuracy 

Measurement accuracy requirement can be defined for any measurement that UE has early-reported during the RRC connection. Our view is that the measurement accuracy should be defined based on a single measurement based on a single half frame without any L1 filtering. This allows a more number of the candidate frequencies to be reported for a given period, e.g., during the RRC connection procedure in case of aperiodic measurement, or within the limited amount of the time from the moment UE enters the idle mode until UE reconnects to the network. Note that the network may not configure a Scell if the measurement reports shows the low RSRP. Therefore, only those Scells with the acceptable SINR would be of interest for the early reporting, and a single measurement should be able to detect such Scells with reasonable detection performance. Figure 2 shows the detection probability performance of the single half-frame measurement in the AWGN channel. It is shown that single measurement should be able to detect the Scells with SNR above -4dB with negligible missed detection probability.
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Figure 2. Detection probability of the inter-frequency cells based on the single half-frame measurement in AWGN channel
Proposal 5. For a measurement early reported by the UE during the RRC connection, the corresponding measurement accuracy can be defined.
Proposal 6. Measurement accuracy requirement of early reporting can be defined based on a single half-frame measurement without any L1 filtering.

3. Conclusions

In this paper, we provided further analysis on the measurement requirement regarding the idle mode Scell candidate measurement for early reporting, including the measurement period, accuracy, and the minimum number of layers to be measured. The observations and proposals discussed in this paper are summarized as follows:
Observation 1. Gain from the early reporting is opportunistic while the UE impact on the idle-mode power consumption/complexity due to any periodic measurement may be deterministic and present throughout in the idle mode.

Observation 2. UE requirement for idle-mode inter-frequency measurement for early reporting should be defined as relaxed as possible.
Proposal 1. It should be left up to UE implementation whether to perform or not an extra periodic measurement for early reporting beyond the existing cell reselection requirement.

Proposal 2. Extra periodic measurement for Scell candidate layers, if performed any, should not be expected to be more frequent than that of cell re-selection.
Observation 3. To avoid the persistent power penalty from the periodic measurement in the idle mode, a capable-UE may perform an aperiodic measurement during RRC connection for the Scell candidiate frequency layers using deactivated search/measurement mechanism.
Observation 4. Aperiodic measurement may introduce some additional delay in RRC connection setup while configure/deconfigure the inter-frequency Scell candidate layers.

Proposal 3. It should be left up to UE implementation whether to perform or not an extra aperiodic measurement for early reporting.

Proposal 4. The number of the inter-frequency Scell candidate layers a UE reports to the network should be left best effort. UE should be allowed not to perform any inter-frequency measurement other than the ones required for cell re-selection. 
Observation 5. UE’s early reporting functionality can be verified by configuring one or more number of inter-frequency layers as both the early reporting candidate and the higher-priority layers for cell reselection.

Proposal 5. For a measurement early reported by the UE during the RRC connection, the corresponding measurement accuracy can be defined.
Proposal 6. Measurement accuracy requirement of early reporting can be defined based on a single half-frame measurement without any L1 filtering.
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