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1. Introduction
To reduce the Scell configuration delay after UE enters the connected state, RAN2 is exploring a possibility to require UE to perform inter-frequency measurement on potential Scell candidiates during RRC_IDLE state. Accordingly, RAN2 has sent an LS to RAN4 [1], sharing their agreement and asking for RAN4’s view on the idle mode inter-frequency measurement about the acceptable measurement period, the measurement accuracy, and any requirement that can be defined for such measurement.
In this paper, we analyze the UE impact of the idle mode inter-frequency measurement for Scell candidates considered in RAN2.
2. Discussion
RAN2 has provided the following agreement on the idle mode inter-frequency measurement.

Agreements:

1
UE can be indicated an inter-frequency carrier(s) to measure during the idle state. The inter-frequency measurement operation and requirement is FFS. How fast to report the measurement is FFS. The security issue of report is FFS.

2
It is FFS on whether configuring a SCell to be directly in active state at RRC reconfiguration. 

Agreements:

1
The indication for which carrier(s) UE could do the IDLE measurements is included in SIB5 and dedicated RRC signalling (including the valid timer). FFS the value range of the timer.

2
UE indicates the availability of inter-frequency measurements in RRCConnectionSetupComplete or RRCConnectionResumeComplete

Based on the agreement, RAN2 asked the following two questions to RAN4.

Q1) For measurements indicated from UE to eNB at connection setup, what kind of requirements could be defined (e.g. for measurement accuracy) for inter-frequency measurements done by UE during IDLE mode? 

Q2) Would there be any difference in measurement accuracy?  What would be acceptable measurement period for such inter-frequency measurements of potential SCells during IDLE mode?

In our view, the first question that needs to be answered is what is the acceptable measurement period for the inter-frequency measurement of potential Scells, or whether it is acceptable at all to perform any periodic measurement in the idle mode to monitor the Scell candidates. To answer this question, we begin with reviewing the existing inter-frequency measurement performed during RRC_IDLE mode. 

In the legacy design, UE performs the inter-frequency search/measurement in idle mode for cell reselection. Therefore, UE searches for and measure the inter-frequency layers of higher, equal or lower priority for possible reselection when the serving cell quality is degraded and cannot meet the S criteria. For the same reason, when the serving cell has the acceptable signal quality, e.g., satisfying S criteria, UE does not perform any inter-frequency measurement in the idle mode. The only exception is when the network has provided a list of the inter-frequency layer(s) with the priority higher than the current serving cell, in which case UE searches for the high-priority inter-frequency layers every 60*Nlayers second even if the current serving cell quality is acceptable. However, even in such case, once the UE finds that the detected inter-frequency layer with higher priority also satisfies the S-criteria, UE immediately reselects to the new frequency and stop performing the periodic idle-mode inter-frequency search/measurement until it is informed with some inter-frequency layer of even higher priority, or the reselected serving cell quality becomes degraded below the S criteria.

Observation 1. In the current LTE design, when the serving cell quality is acceptable, UE in RRC_IDLE mode does not perform any inter-frequency layer search/measurement as long as there are no other inter-frequency layers of higher priority.
Observation 2. In the current LTE design, when the serving cell quality is acceptable, UE in RRC_IDLE mode may perform the periodic inter-frequency layer search/measurement if there is an inter-frequency layer with the priority higher than the current serving cell. However, as soon as the UE finds a higher-priority inter-frequency layer satisfying S criteria, it performs cell reselection and stops searching for/measuring another inter-frequency layer until the reselected serving cell becomes degraded.
Unlike the legacy idle-mode inter-frequency measurement, the purpose of the new idle mode inter-frequency measurement considered in RAN2 is to monitor the quality of the potential Scell candidates and report them to eNB to aid the fast Scell configuration during RRC connection. Therefore, such measurement will need to be performed regardless of the quality of the serving cell. If some measurement period is defined for this type of idle-mode inter-frequency measurement for Scell candidates, it means UE is required to perform a periodic inter-frequency measurement in the idle mode even when the serving cell quality is acceptable, and therefore may have a substantial impact to the power consumption and standby time in idle mode in a way varying from one UE implementation to another.
Observation 3. The purpose of the new idle-mode inter-frequency measurement is to monitor the quality of the potential Scell candidate, and therefore UE will need to perform such idle-mode measurement even when the serving cell quality is acceptable. 

Observation 4. Periodic idle-mode inter-frequency measurement for potential Scell candidate performed regardless of the serving cell quality may have substantial impact on idle-mode power consumption, reducing UE’s stand-by time.
Furthermore, the net benefit of the periodic idle-mode inter-frequency measurement is not clear enough to justify the additional UE power consumption and stand-by time impact in the idle mode. For the co-located CA scenario, the network may be able to derive the channel quality of inter-frequency layer by adjusting that of the Pcell based on the expected path loss difference, and thus has an alternative way to expedite Scell configuration without relying on the UE’s idle-mode measurement. For the non-co-located CA scenario, the network may need to rely on the UE’s idle-mode measurement to reduce the Scell configuration time. However, it is completely random when UE will connect to the network, and requiring UE to blindly perform the periodic inter-frequency measurement throughout the entire idle mode for such opportunistic gain may not be justfiable.

Observation 5. For co-located CA scenario, the network may be able to reduce the Scell configuration delay without relying on the UE’s idle-mode inter-frequency measurement, e.g., by estimating the Scell quality from that of Pcell with proper path loss adjustment. 

Observation 6. It is completely random when UE will connect to the network, and UE in idle mode may be left with consuming more power to blindly perform a periodic inter-frequency measurement without actual gain.
Considering all the above observations, our view regarding RAN2’s question Q2 is that it is not acceptable to require UE to perform any periodic idle-mode inter-frequency measurement to monitor the Scell candidate. Instead, such inter-frequency measurement for Scell candidates may be pursued in a best-effort sense without any fixed period.
Proposal 1. No acceptable measurement period can be defined for the idle-mode inter-frequency measurement for potential Scell candidate. Such measurement may be performed only in a best-effort sense without any fixed period.
Even when the periodic idle-mode inter-frequency measurement is not supported, UE may still be able to perform the best-effort measurement on the potential Scell candidate during (or near) the RRC connection, and provide the measurement report for the candidate Scells to the eNB. Therefore, regarding RAN2’s Q1, our view is that RAN4 may still be able to define the relevant requirement such as the measurement accuracy and the minimum number of the inter-frequency layers to measure. Finally, since such best-effort/aperiodic measurement report will be based on only the limited number of measurements and without sufficient filtering, it is reasonable to expect that the measurement on the Scell candidates has a reduced accuracy compared to the legacy inter-frequency measurement performed in RRC_CONNECTED state. 
Observation 7. UE may be able to perform the best-effort measurement on the potential Scells during the RRC connection, and provide the corresponding measuremet report to the eNB.

Observation 8. UE’s measurement on the potential Scell performed near/during the RRC connection may have reduced accuracy due to the limited number of measurement without sufficient filtering.

Proposal 2. Requirement on the measurement accuracy, and the minimum number of inter-frequencies to measure may be defined for the non-periodic inter-frequency measurement on potential Scells.
Proposal 3. Measurement accuracy should be relaxed compared to the existing inter-frequency measurement accuracy requirement in RRC_CONNECTED state.

3. Conclusions

In this paper, we analyzed the UE impact of the idle mode inter-frequency measurement for Scell candidates, and presented our view on the RAN2’s question about the acceptable measuremet period, the measurement accuracy, and any requirement applicable to such measurement. A companion paper [2] is prepared for the LS response to RAN2 based on the observations/proposals made in this paper.
Observations and proposals made in this paper are summarized as follows:

Observation 1. In the current LTE design, when the serving cell quality is acceptable, UE in RRC_IDLE mode does not perform any inter-frequency layer search/measurement as long as there are no other inter-frequency layers of higher priority.
Observation 2. In the current LTE design, when the serving cell quality is acceptable, UE in RRC_IDLE mode may perform the periodic inter-frequency layer search/measurement if there is an inter-frequency layer with the priority higher than the current serving cell. However, as soon as the UE finds a higher-priority inter-frequency layer satisfying S criteria, it performs cell reselection and stops searching for/measuring another inter-frequency layer until the reselected serving cell becomes degraded.
Observation 3. The purpose of the new idle-mode inter-frequency measurement is to monitor the quality of the potential Scell candidate, and therefore UE will need to perform such idle-mode measurement even when the serving cell quality is acceptable. 

Observation 4. Periodic idle-mode inter-frequency measurement for potential Scell candidate performed regardless of the serving cell quality may have substantial impact on idle-mode power consumption, reducing UE’s stand-by time.

Observation 5. For co-located CA scenario, the network may be able to reduce the Scell configuration delay without relying on the UE’s idle-mode inter-frequency measurement, e.g., by estimating the Scell quality from that of Pcell with proper path loss adjustment. 

Observation 6. It is completely random when UE will connect to the network, and UE in idle mode may be left with consuming more power to blindly perform a periodic inter-frequency measurement without actual gain.
Proposal 1. No acceptable measurement period can be defined for the idle-mode inter-frequency measurement for potential Scell candidate. Such measurement may be performed only in a best-effort sense without any fixed period.
Observation 7. UE may be able to perform aperiodic/one-shot measurement on the potential Scell during the RRC connection, and provide the corresponding measuremet report to the eNB.

Observation 8. UE’s aperiodic/one-shot measurement on the potential Scell during the RRC connection may have reduced accuracy due to the limited number of measurement without sufficient filtering.

Proposal 2. Requirement on the measurement accuracy, and the minimum number of inter-frequencies to measure may be defined for the non-periodic inter-frequency measurement on potential Scells.
Proposal 3. Measurement accuracy should be relaxed compared to the existing inter-frequency measurement accuracy requirement in RRC_CONNECTED state.
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