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1
Introduction

During the measurement gap discussions in the RAN4#43 meeting different measurement gap options were not that clear and it was felt that more clarification for instance on possible longer measurement gaps than 5 ms was needed. In this contribution we present our measurement gap creation ideas submitted to the RAN2 Kobe meeting in [5]. 

Inter-frequency and inter-RAT handover preparation requires synchronization to the adjacent cells and measuring the level of their signals and possibly examining some of their other properties (e.g. system information). For simplicity, all these operations are called “measurements” in this paper. The text here is limited to handover preparation, but the same principles may be applicable to other purposes as well (e.g. network configuration [4]).
The measurements can’t be carried out simultaneously with the serving cell reception and transmission if the UE doesn’t have multiple receiver capability, so some gaps for measurements must be arranged between the serving cell operations to enable the handover preparation in the UE. This paper lists the requirements for such measurement gaps and represents a basic method to create these gaps.

2
Requirements
The emphasis in this paper is in the measurements that are controlled by the network. The intra-frequency measurements don’t need any interaction between the network and the UE, but they are run autonomously by the UE. Also some continuous inter-frequency and inter-RAT signal strength measurements can be carried out autonomously according to the measurement priorities with the assumption that there is enough time for these between the normal serving cell operations. The measurement gaps are mainly needed for neighbour cell synchronization purposes although they may sometimes be needed also for signal strength measurements.
2.1
Single Gaps

The simplest measurement gap is a single gap that is sufficient for the measurement. This is possible with a very simple adjacent cell operation like GERAN synchronization refresh, i.e. a single SCH block is received at a known time. Gaps for long search operations are also possible, in principle, if no interactive or real-time applications are being served. As certain search operations are straightforward and very efficient in one shot, the possibility to interrupt background applications for a while is worth using.
The start time and the gap width are needed to define a single gap.

2.2
Periodic Gaps
Periodic measurement gaps are useful for neighbour cell searching or continuous signal strength measurements during continuous, real-time data transmission. Gaps are typically very short to disturb the serving cell traffic as little as possible. 
The start time, the gap width, the repetition period, and the number of gaps are needed to define periodic gaps. The number of gaps may be omitted if it can’t be determined at the start of the measurements. In that case, the periodic gap repetition must be stopped with a separate command.

2.3
Irregular Gaps with Free Timing

In principle, timed measurement gaps are not always needed, but just some time must be reserved for measurements. A typical example is the handover preparation to UTRAN, because its signal is continuous. This gives some freedom in the gap timing. The main serving cell traffic is not disturbed by the measurements and the signal conditions can be taken into account in the scheduling. However, it is difficult to arrange this in practise, because the measurement gaps must be synchronized between the eNB and the UE. A lot of very fast signalling is thus needed and the benefits are easily annulled by the added complexity and extra signalling transmissions in the air interface.
2.4
Measurement Gaps and DRX

One of the fundamental properties of the packet-based transmission is the fact that the traffic is seldom continuous and DRX [1]
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[3] can often be used. Frequently occurring pauses in the data transmission are typical and very often there is time to carry out measurements without any special arrangements. As the DRX is based on signalling between the eNB and the UE, the natural measurement gaps are also well synchronized between the UE and the eNB.
The most common forms of regular but sparse traffic are VoIP calls and audio/video streaming. Data is usually transmitted at 20-ms or 40-ms intervals and there are wide gaps between the data bursts, especially if packet bundling is used. In practise, the variable number of HARQ retransmissions makes the gap width variable, so the efficiency of these gaps may be somewhat unpredictable. Even with the irregularities, such a gap pattern is very efficient for searching, synchronizing, and measuring all types of adjacent cells, especially the GSM cells that may be challenging in terms of scheduling the measurements.
2.5
Artificial Measurement Gaps

Natural gaps produced by the DRX schemes are not always available for inter-frequency and inter-RAT measurements, but artificially created gaps are necessary. As the artificial measurement gaps always disturb the data transmission, they must be carefully optimized for each measurement type.
Contrary to natural gaps, the eNB needs a signalling protocol to tell the UE the measurement gap start time, the gap width, the repetition period, and the measurement duration in addition to the measurement task definition. Measurement Gap Commands are used for the purpose.
3
Measurement Gap Command
The Measurement Gap Command is a part of RRC signalling. It may be a separate RRC message or it can be included in the Measurement Command. There are also possible connections between the measurement gaps and the DRX signalling, so it may be possible to integrate the measurement gap signalling with the DRX framework. The Measurement Gap Command are logically independent from the other commands, so it may be better to keep them separate, but the details in RRC signalling are still open, so the final decision can’t be made yet. Details related to the message structure and contents are beyond the scope of this paper.
3.1
Creating a Measurement Gap Command in the eNB

The measurement process to starts when the eNB decides that there is a need to carry out inter-frequency and inter-RAT measurements. This is usually triggered by the serving cell measurement results that indicate deterioration of the serving cell signal. Examples of other possible causes are service direction and load balancing. The priorities of various kinds of measurements also affect the way the measurements are initiated.
The eNB RRC then needs to send a Measurement Command and possibly also a Measurement Gap Command. The need for the latter one depends whether suitable natural gaps are available for the purpose. The knowledge about the availability of natural gaps is in the eNB MAC, so the RRC can’t make the decision alone, but it has to co-operate with the other parts of the eNB. The packet scheduler can tell what gaps are readily available and what the prognosis for the near future traffic is in the light of the transmission buffer status. The DRX control can tell how the idle periods are timed when they are regular. The details of the needed algorithms and the protocols inside the eNB need not be standardized, but they can be left to the implementation.
When the network decides that natural gaps are sufficient, it should take care of the continuation of the situation for the duration of the measurement whenever possible. Otherwise, a sudden change in the packet scheduling may make the measurement impossible for the UE.
3.2
Signalling the Measurement Gap Command to the UE

After all the parameters for the measurement gaps have been determined, the RRC shall send the Measurement Command and possibly the Measurement Gap Command to the UE.
3.3
Measurement Execution

When the UE RRC receives the messages, it shall activate the measurement gap or gaps if they are given and carry out the requested measurements according to the Measurement Command.
If explicitly forced, artificial measurement gaps are not created, if may sometimes happen that the traffic density is suddenly increased and the natural gaps are not sufficient for the measurement. If the UE can’t complete the measurements in time, it must then signal a measurement failure with an appropriate cause in the measurement report, so the network can take the appropriate actions to correct the situation, possibly by issuing a Measurement Gap Command.
The UE should not expect that the natural gaps are exactly regular, because packet-based traffic is always somewhat unpredictable. The interim DRX may change the situation for short periods, but the measurements are expected to be possible as long as the UE measurement algorithms are able to adjust themselves to some irregularities. In a sense, the network doesn’t have full control over all the UE actions. However, the network has the control over the actions that the UE must do and the UE may voluntarily do something more.
4
Conclusions
In this document the following measurement gaps have been considered:

· Natural gaps in the serving cell data transmission are used for non-intra-frequency measurements as much as possible

· Artificial gaps are single or periodical
· The network uses RRC signalling to control the artificial measurement gaps

· The details how measurement gap parameters are determined is left to the network implementation

It might useful to consider whether different type of measurement gap methods should also be considered in the RAN4 minimum requirement definition in order to allow efficient usage of E-UTRA system by ensuring that the UE is able to utilise different lengths and repetition periods of measurement gaps. 

RAN2 is naturally still discussing the gap creation and thus, no final decision on the gap creation can be made in RAN4. However, it might be possible for RAN4 to help RAN2 in its measurement gap discussions by looking at UE measurement capabilities in case of different type of gaps. 
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