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1
Introduction

In pervious RAN4 meetings, there were discussions regarding to specification of measurement without gaps taking interruption issue into account. In the RAN4 #69 meeting, the following proposal in [1] was agreed,
A UE that cannot perform inter-frequency/RAT measurements without introducing interruption for its active receiver chain shall indicate need for gap-assisted measurements to the network.

We also agree on this understanding, which makes network resource more efficient. On the other hands, this could make per UE throughput worse comparing to pure LTE UE when the CA UE is operated in de-configured state. In this contribution, it is discussed that new methodology to make CA good enough performance from both UE throughput and network resource efficiency aspects.
2
Necessity of Measurement without gaps
The feature of measurement without gaps is a very useful feature in the aspect of throughput improvement. As we know, in LTE operation, it has already been identified that significant throughput degradation is occurred due to measurement gaps. For example, as in Figure 1, UE will face 25% (6ms for gap and 4ms for lack of uplink ACK/NACK every 40ms) throughput degradation in the worst case. The feature of measurement without gaps is expected to improve the throughput performance for CA capable UEs in non-CA state.
Observation 1: The feature of measurement without gaps is significant feature for operators in order to improve de-configured state throughput comparing to legacy LTE UE.
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Figure 1: Throughput degradation due to measurement gap in LTE

However, based on the understanding agreed in the last meeting, most of single chips implemented UEs should not report that it is the measurement without gaps capable. If we look into future possible trends, most of UEs in the future may be implemented with a single chip RF-IC taking energy efficiency perspective into account. If there will be no notable technology to make the isolation good enough, it should be noted that the feature of measurement without gaps would be useless in near future.
Observation 2: Majority of UEs may be implemented with a single chip RF-IC in the future, which makes the feature of measurement without gaps useless based on the understanding[1] agreed in RAN4 #69

In CA network, the opportunity of inter frequency measurements will be obviously greater than that of LTE only operation case. This is because, UEs need to measure for inter frequency SCell to configure CA. This means, throughput degradation due to measurement gaps in CA would have more impact than LTE only case. Depending on operation policy and scenario, CA UE could face 25% throughput degradation very frequently, e.g. network always configures event for UE to add SCell and UE cannot find the SCell.
Observation 3: The throughput impact (25% of degradation) of measurement gap in CA operation would be greater than that of LTE only operation due to greater opportunity of inter frequency measurements.
Based on the above observations, it can be observed that the feature of measurement without gaps is a significantly important feature not only because throughput of UE can be improved but also because the degradation of throughput compared to LTE only UE can be avoided. So that, we would like to further discuss on how to utilize the feature of measurement without gaps even if majority of UEs would be implemented with the single chip RF-IC in the future.
Proposal 1: RAN4 needs to consider methodology to make the feature of measurement without gaps useful even for the single chip RF-IC.

3
Proposed methodology
What is the solution to make measurement without gaps useful even for the single chip RF-IC?
The simplest way to utilize the feature is to configure a “Small gap” as illustrated in Figure 2. When UE needs to measure inter frequency cell by the RF chain that is not configured as SCell, network can configure “small gaps” in the subframe of measurement start(sbuframe 3) and measurement stop(subframe 8) in order to avoid the interruption to PCell. This solution would not cause packet loss, and the impact of throughput degradation would be reduced to 10% (2ms missed DL allocation and 2ms loss of ACK/NACK per 40ms cycle).
On the other hands, as we know, several operators have launched CA operation and also many are planning to launch in early phase. In order to make the feature of measurement without gaps useful in early phase, the methodology to realize this solution should not have any impact on ASN.1 since ASN.1 was frozen for Rel.10/11.

Proposal 2: “Small gap” should be adopted to utilize the feature of measurement without gaps, where there should not be any impact for ASN.1.
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Figure 2: Concept of “small gap”
How can we make “small gap” be ASN.1 impact free?
If we look into 36.331[2] specifications, we can find the signalling below to indicate measurement without gaps capable by interFreqNeedForGap (or interRAT-NeedForGaps) on each band or CA band combination set. As observed in observation 2, “pure” no gap measurements may be a meaningless feature in near future if there is no notable isolation technology appearing. Our proposal is to change the meaning of “interFreqNeedForGaps = false” to “need for small gap”, where no change will be done in ASN.1. 
Based on this understanding, the procedure of the methodology proposed is in Figure 3. eNB will notify UEs to configure gap regardless of “interFreqNeedForGap” = true or false and the UE measures with small gaps if it has reported that it is measurement without gaps capable. With this, the UE/network performance can be optimized.
Proposal 3: Change the meaning of “interFreqNeedForGap = false” to “need for small gap”.
Proposal 4: If Proposal 1 to3 are agreed, it is proposed to send an LS to RAN2 to ask to change the RRC specification accordingly.
InterFreqBandInfo ::=



SEQUENCE {


interFreqNeedForGaps



BOOLEAN
}

InterRAT-BandInfo ::=



SEQUENCE {


interRAT-NeedForGaps



BOOLEAN
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Figure 3: Procedure of “small gap” configuration

4
Conclusion

In this contribution, importance of measurement without gaps for operators to operate CA network is pointed out. Based on this, it is proposed that “small gap” should be defined to make the feature meaningful even for single chip RF-IC implemented UEs without any impact for ASN.1. The exact observations and the proposals are the following;
Observation 1: The feature of measurement without gaps is significant feature for operators in order to improve de-configured state throughput comparing to legacy LTE UE.

Observation 2: Majority of UEs may be implemented with a single chip RF-IC in the future, which makes the feature of measurement without gaps useless based on the understanding[1] agreed in RAN4 #69

Observation 3: The throughput impact (25% of degradation) of measurement gap in CA operation would be greater than that of LTE only operation due to greater opportunity of inter frequency measurements.
Proposal 1: RAN4 needs to consider methodology to make the feature of measurement without gaps useful even for the single chip RF-IC.

Proposal 2: “Small gap” should be adopted to utilize the feature of measurement without gaps, where there should not be any impact for ASN.1.
Proposal 3: Change the meaning of “interFreqNeedForGap = false” to “need for small gap”
Proposal 4: If Proposal 1 to3 are agreed, it is proposed to send an LS to RAN2 to ask to change the RRC specification accordingly.
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