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Discussion and decision
1.  Introduction
In RAN2#60, it was decided that measurement gap configuration and activation/de-activation will be managed by RRC. An open issue is whether the UE is mandated to measure inter-F/R (inter-frequency/RAT) during DRX, when the gaps have not been activated. This paper looks into this specific aspect.

2. Discussion
2.1  Inter-F/R measurements during DRX

An issue with regards to measurement gap control is whether
Alternative 1:
the UE needs activated gaps to perform inter-F/R measurements irrespective of the DRX status, or
Alternative 2:
the UE autonomously performs inter-F/R measurements if the serving cell quality is low using the natural gaps (if they are sufficient) of DRX without measurement gaps being activated [1, 2].
In Alt.1, even if the UE is in DRX and has sufficient natural gaps already, the eNB needs to activate measurement gaps to make the UE perform measurements. Since a UE in DRX will likely not feedback any CQI or sounding RS allowing the eNB to make the decision to activate gaps, a consequence is that the UE needs to send a measurement report, only to get its gaps activated. Unless specific behaviour is specified, this sending of a measurement report will abort the UE from DRX (This is reasonable to assume since the UE would be expecting a gap activation command from the eNB). Although the eNB can command the UE to return to DRX immediately by sending a MAC control PDU, this requires additional signalling. Hence, Alt.1 requires more signalling overhead and consumes more battery.
This can be avoided if gaps are activated upon UE entry to the cell and maintained for the rest of the stay in the cell. Although this is very simple, this will unnecessarily restrict data scheduling opportunities and will lead to a degraded throughput.

One of the arguments raised against using DRX gaps for inter-F/R measurements without measurement gaps being activated was that in some cases, HARQ retransmissions take place outside the on-duration, consequently reducing the amount of gaps. This will complicate the actual measurement scheduling in the UE as such retransmissions are unpredictable. However, this only applies to persistent resource allocation. In short or long DRX mode, if the UE is addressed by PDCCH during on-duration, the UE immediately resumes non-DRX operation. Hence, the amount of gaps during short or long DRX is consistent, and inter-F/R measurement performance using DRX gaps (except for persistent resource allocation) is predictable.
Then, it is up to the network to decide whether a certain short or long DRX pattern provides sufficient measurement opportunities to meet the measurement performance requirements. Since a UE can be configured by short or long DRX only, whether the pattern provides sufficient gaps or not can be indicated simply by 1 bit, each for short and long DRX configuration. If the bit indicates that the short or long DRX pattern provides sufficient gaps, the UE should perform inter-F/R measurements using the natural gaps of DRX during the short or long DRX mode of operation. There is no need for explicit measurement gaps to be activated.
Alternatively, the UE can determine by itself whether certain DRX configuration provides sufficient natural gaps or not. For example, the UE can compare the duty factor (of gaps having a length longer than a proper measurement gap, i.e., 6 ms (FFS in RAN4)) to a predefined threshold, and determine this sufficiency. The threshold can be fixed in the standard. This would be more signalling efficient, but the standards should guarantee that flexibility in DRX configuraion will not cause any ambiguity on this decision in the UE.

In case of persistent resource allocation, the amount of gaps may vary depending on outstanding HARQ retransmissions. As such, explicit measurement gaps should be activated to perform inter-F/R measurements under persistent resource allocation.

The above observation leads to the following proposals:
Proposal 1:
The UE should perform inter-F/R measurements autonomously without explicit measurement gaps being activated, if the UE has sufficient natural gaps from DRX and if the serving cell RSRP is below a threshold (Ssearch). The UE is not mandated to perform inter-F/R measurements if the serving cell RSRP recovered above the threshold.
Proposal 2:
The DRX configuration should indicate by 1 bit for each short and long DRX, whether the DRX mode provides sufficient gaps for UE autonomous measurements (no need for gaps to be activated). Alternatively, the UE should determine whether certain DRX configuration provides sufficient gaps or not, by comparing the gap duty factor to a predefined threshold.
Proposal 3:
When persistent resource allocation is applied, gaps need to be activated in order to perform inter-F/R measurements.
2.2  Signallings to assist gap activation/de-activation
It has been agreed in RAN2#60 that the eNB decides when to activate/de-activate gaps based on whatever trigger the eNB sees appropriate [3]. What sort of measurement reports should be supported to assist the eNB to activate/de-activate measurement gaps is still FFS. A rule of thumb is that inter-F/R measurements are performed when the serving cell quality is low, i.e., below Ssearch as in UMTS. This behaviour can be supported by utilising the already agreed measurement reporting events:

Event A1:  serving cell RSRP > absolute threshold 1;

Event A2:  serving cell RSRP < absolute threshold 2.

Event A2 can be used to activate gaps, whereas Event A1 can be used to de-activate. To allow some hysteresis, threshold 1 would typically be higher than threshold 2.

However, some enhancements are necessary to make the two reporting events more efficient. First, they need to be enhanced so that these events are not reported during DRX where the UE should be performing inter-F/R measurements autonomously. Then, reporting of Event A2 (A1) should be prevented when measurement gaps have already been activated (de-activated).

Proposal 4:
Event A2 (gap activation request) should be sent when 1) gaps have not been activated, 2) the serving cell RSRP has dropped below a threshold (time to trigger should apply), and 3) the UE is either in non-DRX, in DRX that does not provide sufficient natural gaps (if the 1 bit indicates so in the DRX configuration in Proposal 2), or under persistent resource allocation.

Proposal 5:
Event A1 (gap de-activation request) should be sent when 1) gaps have been activated, 2) the serving cell RSRP has recovered above a threshold (time to trigger should apply), and 3) the UE is either in non-DRX or under persistent resource allocation.

Upon reception of Event A2/A1, the eNB sends an RRC message to activate/de-activate gaps. It is FFS whether gap activation/de-activation and gap pattern configuration require separate RRC messages.
3. Conclusions
The above observation leads to the following proposals:
Proposal 1:
The UE should perform inter-F/R measurements autonomously without explicit measurement gaps being activated, if the UE has sufficient natural gaps from DRX and if the serving cell RSRP is below a threshold (Ssearch). The UE is not mandated to perform inter-F/R measurements if the serving cell RSRP recovered above the threshold.
Proposal 2:
The DRX configuration should indicate by 1 bit for each short and long DRX, whether the DRX mode provides sufficient gaps for UE autonomous measurements (no need for gaps to be activated). Alternatively, the UE should determine whether certain DRX configuration provides sufficient gaps or not, by comparing the gap duty factor to a predefined threshold.
Proposal 3:
When persistent resource allocation is applied, gaps need to be activated in order to perform inter-F/R measurements.
Proposal 4:
Event A2 (gap activation request) should be sent when 1) gaps have not been activated, 2) the serving cell RSRP has dropped below a threshold (time to trigger should apply), and 3) the UE is either in non-DRX, in DRX that does not provide sufficient natural gaps (if the 1 bit indicates so in the DRX configuration in Proposal 2), or under persistent resource allocation.

Proposal 5:
Event A1 (gap de-activation request) should be sent when 1) gaps have been activated, 2) the serving cell RSRP has recovered above a threshold (time to trigger should apply), and 3) the UE is either in non-DRX or under persistent resource allocation.
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Annex
Figures 1 and 2 illustrate the UE behaviours of Alt.1 (no device for optimisation) and Alt.2 (adopt Proposals 1-5). Alternative 1 causes the UE to report measurements at each event occurence, and the eNB to signal gap activation/de-activation command at the relevant points. This causes the UE to exit long DRX and waste more battery. Alternative 2 is advantageous in reducing such unnecessary signallings and in keeping the UE longer in DRX.
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Fig.1  UE behaviour comparison without data activity.

[image: image2.emf]F E

Alt.1

Alt.2

Event A2 threshold

RSRP

A B C D

Event A1 threshold

Inter-F/R measurements

Measurement report

Gap activation/de-activation

Data activity

No data activity

Non DRX

Short DRX

Long DRX

Gap de-activated

Gap activated


Fig.2  UE behaviour comparison with data activity.
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