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1.  Introduction
In RAN2#58bis, measurement gap control was discussed [1-7], and resulted in a baseline agreement that the network should signal a rather “long lasting” gap pattern to be used by the UE. This is based on the fact that to obtain reliable measurements, measurements need to be performed for multiple occasions and averaged for some time, so that radio conditions at the target are ascertained when inter-frequency/RAT (inter-F/R, hereafter) handovers are performed. However, the complete picture of gap control is yet unclear, e.g., when and how inter-F/R measurements are triggered, and how inter-F/R measurements are performed during long DRX in RRC_CONNECTED. This paper discusses these aspects and proposes some basic principles.
2. Discussion
Inter-frequency/RAT (inter-F/R, hereafter) measurements are necessary to support reliable mobility. However, to save UE battery and to avoid making excessive “gaps” that restrict data delivery, inter-F/R measurements should be triggered only when necessary, that is, when the serving cell’s radio condition deteriorates to an unignorable level.
2.1  Case 1: UE in continous tx/rx
For a UE in continous tx/rx mode (or in very short DRX), the network should be in charge of allocating sufficient gaps for measurements, and the trigger to start/stop such measurements is in the hands of eNB. The eNB can base its decision on the reported CQI or the sounding reference signals, assuming that these are fed back periodically during such high data activity. Nevertheless, the actual trigger is up to implementation and the eNB can as well utilise an RRC Measurement Report from the UE. If this is the case, it may be beneficial to specify Event 1F or 2D [8] also in LTE.
For the signalling to start/stop inter-F/R measurements, two schemes can be considered:

· Alternative 1 is to always use an RRC Connection Reconfiguration to start/stop measurements. The RRC Connection Reconfiguration shall include inter-F/R information (e.g., centre carrier frequency, reporting triggers, and measurement/reporting quantities), and also the gap pattern configuration.

· Alternative 2 is to configure the relevant information, i.e., inter-F/R information and gap pattern configuration, by RRC when the UE enters the cell, and to use a MAC control PDU to start/stop inter-F/R measurements. The configurations can be signalled by RRC Connection Reconfiguration or read from BCCH. This will allow more frequent start/stop of inter-F/R measurements.
Which alternative to adopt is left as an open issue.

In summary:

Principle 1:  For a UE in continuous tx/rx mode (or very short DRX), the network is responsible for starting/stopping inter-F/R measurements, and allocating sufficient gaps.

2.2  Case 2: UE in long DRX
For UEs in long DRX, the UE would already have enough idle gaps to perform measurements, and it would be undesirable to introduce some signallings just to start/stop measurements. For such UEs in long DRX, it would be desirable if the UE autonomously starts/stops measurements, using the idle gaps at hand. This implies that a principle similar to Ssearch should be adopted for the long DRX case. Since DRX should be as battery efficient as the IDLE mode [9], Ssearch should be utilised to prevent unnecessary inter-F/R measurements while in long DRX.
In summary:
Principle 2:  For a UE in long DRX, the UE starts/stops inter-F/R measurements autonomously based on a criteria similar to Ssearch.
2.3  Distinguishing Cases 1 and 2
Principles 1 and 2 imply that a criterion is necessary to distinguish between the two cases. This can be done simply by setting a threshold on the level of DRX, i.e., duty factor. This leads to the third principle:

Principle 3:  A threshold on the level of DRX (duty factor) is set to distinguish between which of the two principles to apply depending on the current level of DRX.

2.4  Transition between Cases 1 and 2
Since data activity is independent of the need for inter-F/R measurements, the transition cases between Cases 1 and 2 need to be considered. Having done the studies of [1], the following principle is proposed:

Principle 4:  The UE indicates to the eNB whether it needs gaps or not, upon resuming data transmissions from long DRX.

This principle is in fact a natual implication of Principles 1 and 2, when transitions between the two, i.e., continuous tx/rx mode and long DRX mode, are examined. This shall be evident once observing the two example scenarios in the sequel. Note that Principle 4 does not always apply (e.g., consider the case when there is no inter-F/R cells), and the conditions to which it applies are FFS.
Scenario 1:

This is when the UE starts inter-F/R measurements autonomously during DRX, detecting that the serving cell’s quality has dropped below a threshold, e.g., Ssearch (Principle 2). When the UE needs to resume UL transmissions, the UE has to indicate the need for measurement gaps so that it can continue the measurements. This can either be signalled by an RRC Measurement Report or by a specific MAC control PDU (FFS). The use of an RRC Measurement Report in this case can be seen as a delayed report of the event that was triggered during DRX. Note that DL resuming can be considered in a similar manner.
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Fig.1  Scenario 1: UL resuming after UE autonomously started measurements during DRX.

Scenario 2:

This is when the UE was performing gap-assisted measurements, and enters long DRX due to detecting low data activity. During the long DRX operation, the UE detects that the serving cell’s quality has recovered above a threshold (e.g., Ssearch + hysteresis), and the UE stops inter-F/R measurements autonomously (Principle 2). However, this is not known to the eNB. When resuming UL data transmissions, the UE needs to indicate that the gaps are no longer utilised. This signalling can either be an RRC Measurement Report or a specific MAC control PDU (FFS). As in Scenario 1, the use of an RRC Measurement Report in this case can be seen as a delayed report of the event that was triggered during DRX. Upon reception of this indication, the eNB can remove any scheduling restrictions caused by the measurement gaps. Note that DL resuming can be considered in a similar manner.
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Fig.2  Scenario 2: UL resuming after UE autonomously stopped measurements during DRX.

It can be argued that, for the sake of simplicity, a UE can always be configured (activated) with gaps when connected in a cell where inter-F/R is a potential mobility option. The gaps can be allocated and activated by the eNB when the UE enters the cell. Then, it can be up to the UE when to utilise these gaps to perform measurements, e.g., it can start/stop measurements according to a rule similar to Ssearch. Considering that the gap ratio would be less than 10% in most cases, it can be argued that the loss in throughput is bounded by 10%, much less in reality considering the scheduling effects. However, this will cause a considerable amount of gaps to be wasted, as such gaps are only necessary when inter-F/R needs to be considered due to deteriorating radio. More importantly, the above scheme would impose considerable restrictions to the scheduler, especially for persistent allocations. That is, it can be quite difficult to allocate gaps and at the same time allocate persistent resources, especially for VoIP, if each and everyone in the cell is always allocated a gap pattern. Gaps would have to have a pattern such that inter-F/R cells can be detected and measured properly, and this might imply that the patterns need to have some “sliding” habits with respect to 10 ms frames, or sufficiently long gaps. Then, this will impose considerable restrictions to the scheduler flexibility, and would create potential problems for realtime services like VoIP. Hence, it is desirable that gaps are allocated to only those UEs who might better be served in another frequency/RAT, e.g., due to deteriorating radio.

3. Conclusions
The following basic principles were proposed:

Principle 1:  For a UE in continuous tx/rx mode (or very short DRX), the network is responsible for starting/stopping inter-F/R measurements, and allocating sufficient gaps.

Principle 2:  For a UE in long DRX, the UE starts/stops inter-F/R measurements autonomously based on a criteria similar to Ssearch.

Principle 3:  A threshold on the level of DRX (duty factor) is set to distinguish between which of the two principles (Principle 1 or 2) to apply depending on the current level of DRX.

Principle 4:  The UE indicates to the eNB whether it needs gaps or not, upon resuming data transmissions from long DRX (conditions for this to apply is FFS).
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