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1
Introduction
In this paper we will address the topic of gap-assisted measurements and present some proposals on how we could see gap-assisted measurements work. We will look at the gap assignment validity time, signalling needed to support the gap-assignment and how these gaps should be placed in time.

2
Working assumptions
In earlier meetings there have been several contributions from companies on how gap-assisted measurements and assignment of these might be handled [2 – 4].
It can be expected that in idle mode there will not be any problems of having enough time to perform any of the required measurements.
When considering RRC-CONNECTED mode situations will arise when the available idle periods (=gaps) for measurements are not sufficient. Exactly when this situation arises, can be difficult to predict in some situations while in other situations it may be straighter forward. As examples one could look at the DRX together with bursty traffic case (e.g. HTML traffic) and VoIP cases with 20ms packet interval. Both cases may lead to possible need for gap-assistance with VoIP being more predictable than e.g. bursty data traffic.

Additionally RAN4 working assumption concerning the gaps available for gap-assisted measurements would be a pattern made up from 6ms gaps distributed every n*10ms [6]. This is proposed to be adopted also in RAN2 [5]. Other agreed working assumption in RAN2 is that gap patterns are allocated by E-UTRAN to UE’s (as opposed to individual UE gaps patterns) [1].
In addition to above topics the need for possible HARQ re-transmissions adds more complexity to the predictability on exactly when the UE may have enough idle gaps for measurements in RRC-CONNECTED mode and when not.
3
Gap-assisted measurements
In this section we will look more at measurement triggering and gap-assisted measurements in details. Two situations are analysed – namely when measurement gaps are initially not needed from the triggering of the measurements, and when the gap-assisted measurements are needed from the point when the measurements are triggered.
3.1
Baseline of gap-assisted measurements
The two cases outlined above are illustrated in figure 1 where, due to simplicity, only DL has been illustrated:
-
Upper part of Figure 1 shows the situation where gap-assisted measurements are initially not needed as the UE is not scheduled and therefore has measurement time until next DRX;

-
Lower part of Figure 1 shows a situation where UE is scheduled with data continuously during multiple TTI’s resulting in the fact that gap-assisted measurements are needed from start;
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Figure 1: Illustration of necessity of gap-assisted measurement.
As measurements performed by the UE during possible RRC-CONNECTED mode DRX intervals (time intervals outside active-time [R2-074562]) have no impact on the eNB possibility to schedule the UE, we see no need for the UE to indicate the triggering of measurements in these situations – as they are not requiring any gap-assistance i.e. no interaction from eNB is needed. 

When or if the traffic density becomes so high that the scheduling intervals no longer provide sufficient inactive intervals for the required measurements, there is a need to trigger gap-assisted measurements. As the detailed knowledge of ongoing measurements is on UE side we see the indicating of the fact that possible gap-assisted measurements are ongoing, is initiated by UE. We see the use of measurement reports as a good way of UE to provide this information to eNB as it is a very reliable way and already agreed measurement events can support as indications for the need of measurement gaps. When gap-assisted measurements have been activated by eNB and gaps assigned to UE, we see that these gaps and gap pattern as active until explicitly stopped by eNB. Thus gap control is done in a semi-static manner. Stopping can be initiated also by measurement reports with already agreed measurement events e.g. Serving cell quantity becomes better than absolute threshold.
3.2
Functionality of gap-assisted measurements
Based on above discussion we now present one possible solution how the handling of gap-assisted measurements and gap assignment could be carried out.

First of all we are assuming that the gap assignments are semi-statically assigned by eNB. They are ‘active’ until specifically indicated otherwise by eNB as already captured in [1].

As there will be recurrent gaps and the UE is not reachable by the eNB for packet scheduling it is important that the UE and eNB are synchronised in terms of the time gap timing. For this reason we prefer using RRC signalling for gap assignment (exact content is FFS).
As RRC signalling is used to assure synchronisation between the eNB PS and UE and the gaps basically are provided in order to assure being able to fulfil the minimum performance requirements (set by RAN4), we do not see a need to able support fast ‘turn on/off’ feature. It doesn’t cost anything to have gaps active during low-volume traffic, because a lot of time remains unused anyway, but they will guarantee that the cell search performance requirements can always be met.
This means that we see two options concerning gap-assisted measurements: One possibility is to have them active continuously (basically On on cell basis, never deactivated while in the cell) or second possibility is to use an indication ‘not needed any more’ e.g. in a measurement report.
For achieving the most synergy between measurement gaps, regular DRX, and scheduling, we propose to place assigned measurement gaps in time such that they are aligned with DRX and such that they always precede the DRX in time domain. This is illustrated in figure 2.
Interworking between measurement gaps and HARQ re-transmissions are still to be studied further but the working assumption is that measurement gaps take precedence over both new data and also HARQ re-transmissions i.e. there is no possibility to send/receive (re)transmissions or any other related signalling e.g. HARQ ACK/NACKs during the gaps.
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Figure 2: Illustration of measurement gap placement in time.
4
Conclusion
From our discussion above we propose following proposals as baseline for gap-assisted measurements and their interaction with possible ongoing traffic:
Proposal 1: Only one gap pattern of 6ms every n*10ms is supported.

Proposal 2: Gap pattern is semi-statically assigned.
Proposal 3: On/Off of gap assignments due to long DRX is not needed.

Proposal 4: RRC signaling is used for gap control.
Proposal 5: Measurement gap placement of gap in time – gap is prior to DRX timeout point 
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