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1.  Introduction
In RRC_IDLE the UE can utilise the idle gaps between PCH DRX to perform inter-frequency/RAT (inter-F/R, hereafter) measurements. However, in RRC_CONNECTED the UE needs sufficient scheduling gaps to be given by the serving eNB, so that the UE can perform measurements and assist the network in making inter-F/R handovers. The control priciples of measurement gaps is yet unclear. This document discusses measurement gap control in conjunction with DRX in RRC_CONNECTED, and proposes some basic principles.
2. Discussion

2.1  Basic principles
In LTE a UE in RRC_CONNECTED can apply DRX depending on the data activity to save battery. The exact mechanism to control DRX is currently under study in RAN2. A consensus is that the eNB shall be aware of the exact DRX timings to avoid scheduling when the UE is not listening. Regardless of the DRX control principle, UEs can be classified into two:
Case 1: The UE does not have enough gaps (e.g., in continuous reception) to perform sufficient inter-F/R measurements.

Case 2: The UE has enough gaps already (e.g., in DRX) to perform sufficient inter-F/R measurements.

These two cases can be discriminated by setting a threshold on the DRX interval (or more precisely, the gap duration of DRX) e.g., to 5 ms.

In Case 1 the UE needs sufficient gaps to be allocated by the serving eNB. When to trigger inter-F/R measurements is up to the eNB implementation, and can base e.g., on a UE measurement report, average CQI, average UL-SIR estimated from the sounding reference, etc. Upon finding an inter-F/R cell that meets certain criteria (e.g., reporting range, time-to-trigger, etc.), the UE shall report measurement results to the serving eNB, and consequently, a handover is triggered. If the eNB decides that the radio quality of the serving cell has recovered and that inter-F/R measurements are no longer necessary, the eNB signals the UE to stop inter-F/R measurements. The above procedures are illustrated in Fig. 1.
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Fig. 1  Start/stop of inter-F/R measurements in case the UE did not have sufficient gaps (Case 1).

Although the same procedures can be applied to Case 2, as the UE already has enough gaps, the same signalling procedures to start/stop inter-F/R measurements are essentially unnecessary. In the likely case that the UE does not feedback any sounding reference or CQI during DRX, the eNB has no knowledge on the radio condition of the UE, and cannot make the appropriate decisions to start/stop inter-F/R measurements. Then, the UE would have to send a measurement report to suggest for inter-F/R measurements, causing extra overhead.
Alternatively, the UE can start/stop inter-F/R measurements autonomously using the already allocated gaps of DRX, upon occurrence of a certain event. Such events can be for example, the RS-SIR crossed a predefined threshold. The criteria for such events shall be specified by eNB RRC, and in that sense, the measurements are still network controlled. Note that such events shall not trigger any measurement reports. The procedures are shown in Fig. 2.
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Fig. 2  Start/stop of inter-F/R measurements in case the UE already had sufficient gaps (Case 2).
Hence, the following principles are proposed:
Proposal 1: If the UE did not have enough gaps in RRC_CONNECTED (e.g., in continuous reception), the eNB shall trigger start/stop of inter-F/R measurements and allocate appropriate gaps. The triggers to start/stop are up to eNB implementation.

Proposal 2: If the UE had enough gaps already in RRC_CONNECTED (e.g., in DRX), the UE shall start/stop inter-F/R measurements autonomously upon occurrence of an event. The criteria for such events shall be specified by the eNB RRC, and the events shall not trigger any measurement reporting.

Proposal 3: Whether explicit signallings are involved to start/stop inter-F/R measuremnets depends on the DRX interval (more precisely, the gap duration of DRX). A threshold on the DRX interval shall be signalled by the eNB RRC, and this threshold shall be compared to the currently applied DRX interval to decide between the two cases.

2.2  Responding to data activity
User data can arrive at any time irrespective of the UE state, e.g., the UE may have been performing inter-F/R measurements. Nevertheless, the UE shall resume DL/UL transmissions. Under Proposal 2 where the UE autonomously starts/stops inter-F/R measurements upon occurrence of an event, the eNB has no idea whether the UE has been performing (and further requiring) inter-F/R measurements at the time of data resuming. If the resuming wakes the UE to continuous reception, the UE cannot perform the necessary inter-F/R measurements, and it would take a while for the eNB to find out from UL-SIR or CQI that the UE should be performing such measurements. As such, for the UE to be able to continue sufficient measurements in parallel to DL/UL transmission after resuming, the UE shall indicate to the eNB that it needs gaps to continue measurements upon resuming data transmissions. This “gap request” can be sent together with a buffer status report in case of UL resuming, or can be sent as a separate message, e.g., a MAC control PDU. The gap request is in principle a single bit indicating a need for scheduling gaps. This principle applies regardless of the DRX control principle adopted in LTE, i.e., explicit or implicit. These principles are depicted in Fig. 3.
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(a) DL resuming
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(b) UL resuming
Fig. 3  DL/UL data resuming in case the UE needs to continue inter-F/R measurements.
Hence,
Proposal 4: If the UE has been performing inter-F/R measurements using the DRX gaps (due to data inactivity) and needs to continue measurements after resuming data transmissions, the UE shall request the eNB to get sufficient gaps upon resuming.
It has been agreed that a UE shall apply DRX if the data activity reduces (i.e., if there has been no data for some time). It is yet unclear this principle also applies when the UE has been allocated scheduling gaps to perform inter-F/R measurements. Nevertheless, data buffers may become empty at any time irrespective of such gaps, and may remain so for a while (e.g., the session may be fading out). It shall be possible then, for the UE to apply appropriate DRX, while continuing the necessary inter-F/R measurements using the DRX gaps. DRX in this case may not benefit battery saving, but would greatly facilitate inter-F/R measurements (the UE has more gaps), hence improving inter-F/R mobility. If the UE is fast in doing measurements (i.e., can meet the performance requirements using shorter gaps), then the DRX would also benefit battery saving.
Then, if the UE applies DRX (eigher by explicit signalling or implicit) due to data inactivity, and continue inter-F/R measurements, the same principle as in Proposal 2 shall apply to stop inter-F/R measurements. That is, if the quality of the serving cell recovers above a threshold, the UE shall stop inter-F/R measurements autonomously. This is captured in Fig. 4.
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Fig. 4  Entering DRX due to data inactivity while continuing inter-F/R measurements.
This leads to

Proposal 5: If both the DL/UL buffers become empty for some time, the UE can apply different DRX to facilitate inter-F/R measurements and save battery. The mechanism shall be the same as for normal DRX (explicit or implicit).

Proposal 6: If the UE applies a longer DRX due to data inactivity while continuing inter-F/R measurements, the same principle as in Proposal 2 shall apply to stop inter-F/R measurements. That is, upon occurrence of an event (e.g., the serving cell RS-SIR has recovered above a threshold), the UE shall stop inter-F/R measurements autonomously.
Once the UE applies DRX and stops inter-F/R measurements, at the time of next data resuming, the UE shall indicate to the serving eNB that it no longer requires measurement gaps (gap release request). The eNB does not know whether the UE is still requiring gaps or not, and hence this has to be indicated from the UE such that the data transmissions can resume without any gap restrictions. This is shown in Fig. 5.
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(a) DL resuming
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(b) UL resuming
Fig. 5  DL/UL data resuming in case the UE no longer needs inter-F/R measurements.
As such,
Proposal 7: If the UE has stopped inter-F/R measurements while in DRX, the UE shall indicate to the eNB that it no longer needs gaps (gap release request) upon data transmisssion resuming.
The gap requests and gap release requests can in fact be indicated by a single bit, e.g., 1: gap request and 0: gap release request. This additional 1 bit of information should not cause much overhead upon data transmission resuming. However, since gap requests and gap release requests are only applicable to cases where inter-F/R measurements are necessary, whether gap requests and gap release requests shall be sent or not shall be configurable. For example, if there is no inter-F/R cells in the vicinity, no inter-F/R measurements are necessary in the cell. Morever, if the UE does not have the capability in supporting the other frequencies/RATs in the vicinity, inter-F/R measurements cannot be performed by the UE. Hence, the need for indicating gap requests and gap release requests shall be configurable per cell as well as per UE. This shall be configurable by eNB RRC through BCH and dedicated control.
Proposal 8: The need for indicating gap requests and gap release requests shall be configurable per cell as well as per UE. This shall be configurable by eNB RRC through BCH and dedicated control.

2.3  Merging gap control and DRX control
Providing measurement gaps is equivalent to configuring DRX (due to data activity) to a UE. To avoid redundant and complex specifications, similar functionalities should not be provided by different layers. Hence, the possibility of merging gap control and DRX control mechanisms should be studied.
3. Conclusions
Inter-F/R measurement gap control principles were discussed in conjunction with DRX. The following principles for gap control were proposed:
Proposal 1: If the UE did not have enough gaps in RRC_CONNECTED (e.g., in continuous reception), the eNB shall trigger start/stop of inter-F/R measurements and allocate appropriate gaps. The triggers to start/stop are up to eNB implementation.

Proposal 2: If the UE had enough gaps already in RRC_CONNECTED (e.g., in DRX), the UE shall start/stop inter-F/R measurements autonomously upon occurrence of an event. The criteria for such events shall be specified by the eNB RRC, and the events shall not trigger any measurement reporting.

Proposal 3: Whether explicit signallings are involved to start/stop inter-F/R measuremnets depends on the DRX interval (more precisely, the gap duration of DRX). A threshold on the DRX interval shall be signalled by the eNB RRC, and this threshold shall be compared to the currently applied DRX interval to decide between the two cases.

Proposal 4: If the UE has been performing inter-F/R measurements using the DRX gaps (due to data inactivity) and needs to continue measurements after resuming data transmissions, the UE shall request the eNB to get sufficient gaps upon resuming.

Proposal 5: If both the DL/UL buffers become empty for some time, the UE can apply different DRX to facilitate inter-F/R measurements and save battery. The mechanism shall be the same as for normal DRX (explicit or implicit).

Proposal 6: If the UE applies a longer DRX due to data inactivity while continuing inter-F/R measurements, the same principle as in Proposal 2 shall apply to stop inter-F/R measurements. That is, upon occurrence of an event (e.g., the serving cell RS-SIR has recovered above a threshold), the UE shall stop inter-F/R measurements autonomously.

Proposal 7: If the UE has stopped inter-F/R measurements while in DRX, the UE shall indicate to the eNB that it no longer needs gaps (gap release request) upon data transmisssion resuming.

Proposal 8: The need for indicating gap requests and gap release requests shall be configurable per cell as well as per UE. This shall be configurable by eNB RRC through BCH and dedicated control.

We propose to capture the above eight proposals into TS 36.300. Moreover, since gap control and DRX control provide similar functionalities, the possibility of merging the two control mechanisms shall be studied in RAN2.[image: image8.png]
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