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1
Introduction
RAN2#60 discussed the interaction between measurements gaps and DRX. The issue of whether the UE should be required to perform inter-frequency and inter-RAT measurements during gaps created by DRX when no measurement gap pattern is active is still open. This paper discusses a number of options and proposes a way forward.
2
Discussion and options
For an ongoing service there will be periods of data activity and data inactivity. DRX allows power saving during the periods of data inactivity. To assist the discussion it is useful to define more precisely what we consider to be data activity and inactivity.

A period of data activity starts when, during one of the 'on durations',  the UE received an allocation on PDCCH for a new transmission. The period of data activity ends after the expiry of the inactivity timer plus any extra time taken to complete any ongoing HARQ retransmissions. During such a period of data activity the only way for the UE to perform inter-freq/RAT measurements is by using gaps introduced by an active measurement gap pattern. Due to HARQ retransmissions, there is potentially a DRX gap (or gaps) after expiry of the inactivity timer but before the completion of the data activity - this is shown in the example in the figure below. As there is no guarantee that such gaps will exist, we do not consider them as potential gaps for the purpose of making measurements.
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After a period of data activity, the UE enters 'data inactivity' where the UE will receive the PDCCH for the 'on duration' every DRX cycle. During periods of data inactivity, the UE is not scheduled on PDCCH (if it were scheduled then it would move back to data activity). It was agreed in RAN2#60 that if there is an active measurement gap pattern during data inactivity, the UE implementation is free to choose to take the measurements anywhere within the explicitly configured measurements gaps or the DRX gaps - typically it might choose to use a few ms immediately prior to some of the 'on durations'. The open issue is whether the UE must be capable to perform inter-frequency and inter-RAT measurements during gaps created by DRX when no measurement gap pattern is active.
The other aspect to consider is that inter-freq/RAT measurements are commonly only required when the serving cell quality is below a threshold.  The following subsections describe three options for controlling the measurement gaps and measurements.
2.1
Option 1
The eNB activates a measurement gap pattern whenever the UE is configured to perform inter-freq/RAT measurements. A serving cell threshold is included as part of the inter-freq/RAT measurement configuration and the UE only performs the measurements when the serving cell quality is below this threshold. RAN4 performance requirements can be written based on the assumption that measurements are always made during the explicitly configured gaps (even if during data inactivity a UE implementation chooses to perform the measurements at a different location in time).

Advantages: simple, no measurement reports and reconfiguration signalling to activate/deactivate the explicitly configured gap pattern (no signalling delay or signalling overhead)

Disadvantages: gaps may impact user throughput even if they are not actually utilised by the UE (because the serving cell quality is above a threshold) - but, given a large population of users in a cell, the cell throughput is probably not significantly impacted.
2.2
Option 2

UE sends a measurement report to eNB when whenever the serving cell quality crosses the threshold and in response the eNB activates/deactivates the measurement gap pattern. The inter-freq/RAT measurement configuration could be setup at the same time as the measurement gap pattern is activated or it could have been pre-configured before the measurement gap pattern is activated. RAN4 performance requirements can be written based on the assumption that measurements are always made during the explicitly configured gaps (even if during data inactivity a UE implementation chooses to perform the measurements at a different location in time).
Advantages: Explicitly configured gap pattern is ready to use by the UE when it moves from data inactivity to data activity (no signalling delay to activate the pattern). Gaps only configured when they are needed - no throughput impact.

Disadvantages: Overhead from the measurement report and reconfiguration signalling to activate/deactivate the explicitly configured gap pattern even if the UE would otherwise be in a period of data inactivity

2.3
Option 3

This option is essentially the approach proposed in [1]. A serving cell threshold is included as part of the inter-freq/RAT measurement configuration and the UE only performs the measurements when the serving cell quality is below this threshold. If the UE is in a period of data inactivity it sends no measurement reports triggered by serving cell quality to the eNB for the purpose of gap activation/deactivation. If the serving cell quality crosses the threshold then the UE will autonomously start/stop the inter-freq/RAT measurements that are performed during the DRX gaps. Measurement reports with reporting criterion based on receive metrics from inter-freq or inter-RAT cells will still be generated.
If the UE is in a period of data activity and the serving cell quality is above the threshold then the UE will send a measurement report and the eNB will respond with a reconfiguration to activate/deactivate the gaps. RAN4 performance requirements would need to be defined for the case that measurements are made during explicitly configured measurement gap pattern and also for the case that the UE is in data inactivity and measurements are made in the DRX gaps (with no explicitly configured gaps).
Advantages: No signalling overhead during long periods of data inactivity. Gaps only configured when they are needed - no throughput impact.

Disadvantages: Delay due to measurement report and reconfiguration to explicitly configure a gap pattern when the UE moves from data inactivity to data activity. More complex rules for triggering the measurement report.

One of the main advantages of this option is the avoidance of signalling overhead when the UE is in a long period of data activity but avoiding any potential impact to user throughput when the serving cell quality is good and inter-freq/RAT measurements are not needed.. This option also opens up the possibility that the eNB could choose not to activate a measurement gap pattern for a UE in a period of data activity and for which the serving cell quality is below the threshold - for example the eNB may believe that the period of data activity will be short and the UE will soon be re-entering data inactivity so the measurements could be made during DRX gaps. Although the eNB would be free to do this we think this is not the main use case and therefore RAN4 should not attempt to define performance requirements for cases where there is no active measurement gap pattern and the UE is frequently moving between data activity and inactivity (resulting, for example, in 20% of time in data activity). We consider that definition of performance requirements and testing of these requirements for such cases would be very complex.
3
Conclusions
On the open issue of inter-frequency/RAT measurement during DRX gaps we make the following conclusions

Proposal A: Of the 3 options our preference is for option 1. This is the simplest approach and avoids any signalling overhead to activate/deactivate measurement gaps as the serving cell quality changes and the UE moves in and out of data activity. We consider that throughput concerns are not very significant.
If, however, the preference of RAN2 is to go with option 3 then we would make the following proposals:

Proposal B: UE will only perform measurements in DRX gaps when it is in data inactivity which defined as starting after the expiry of the inactivity timer and the completion of any outstanding re-transmissions (i.e. UE should not be required to use gaps between expiry of inactivity timer and the completion of retransmissions to perform measurements).
Proposal C: RAN4 defines performance requirements with no active measurement gap pattern only for the case that the UE is in continuous data inactivity (i.e. no attempt to define performance when there is no active measurement gap pattern and the UE is frequently moving between data activity and inactivity). 

The consequence of proposal C is that the eNB should use the option of not activating a measurement gap pattern only for UEs in long periods of data inactivity. If the UE is frequently moving between inactivity and activity then the eNB should activate a measurement gap pattern in order to have predictable measurement performance (it is assumed that RAN4 will define performance requirement for the case that a measurement gap pattern is active)
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