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1 Introduction

This document addresses the open issues pertaining to if the UE is permitted to make Inter-frequency/RAT measurements without measurement gap pattern allocation by the eNB. 

It makes the case that the UE be allowed to make inter-frequency/RAT measurements even if no gap patterns are activated – in other words, we request that there be no text included in the specification that explicitly forbids the UE from making measurements on available DRX occasions. 
Secondly, this document assumes that the eNB has sufficient information to determine if DRX alone is enough or not, to handle the measurement load. Based on this, we propose that a Measurement Gap Configuration be sent from the eNB to the UE if it finds that DRX is insufficient to address the measurement load.
2 Background
2.1 Average measurement load
Definition: We define Average Measurement Load as the average time required by the UE for making inter-frequency/inter-RAT measurements per second.
This is essentially, the average number of TTIs per second that the UE needs to disconnect from the current cell to make the measurements.

2.2 DRX Availability

The following figure and the definitions of Active Time and DRX cycle are excerpted from Section 3.1in [1]
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Figure 2.3-1: DRX Cycle Section 3.1in [1]
Active Time: time that the UE is awake. When DRX is configured by higher layer, this includes the On Duration, the time UE is continuously monitoring the PDCCH while the DRX Inactivity Timer has not expired and the time UE is continuously monitoring the PDCCH while the DRX Retransmission Timer has not expired.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 2.3-1 above).

Hence the time that UE does not need to monitor the PDCCH is DRX Cycle – Active Time. Further, HARQ ACK/NACKs on the uplink or downlink need to be performed by the UE, wherever necessary, even in this time; we will call this the HARQ Response Time. Also, the UE needs to make any outstanding uplink HARQ retransmissions; let us call this HARQ UL ReTx Time. Thus,

 DRX off period = DRX Cycle – Active Time – HARQ Response Time - HARQ UL ReTx Time
Then, we define Average DRX availability is the mean DRX off period/second for the UE. The estimation of Average DRX availability can be left to UE implementation. For instance, an estimate of this value can be obtained by the UE by means of a running averaging window.
3 Need based Measurement gaps
To make measurements on other frequencies/RATs the UE needs to temporarily suspend the connection in the current cell and listen to downlink reference symbols in other cells/frequencies/RATs to evaluate the link condition with respect to the other cells/RATs. 

The stage 2 in [2, Section 10.1.3] states that the "UE determines whether a particular cell measurement needs to be performed in a transmission/reception gap and the scheduler needs to know whether gaps are needed." The same section also contains the following underlying assumption: "The UE should not be assumed to be able to carry out such measurements without measurement gaps."

In the cases when there are many and longer duration measurements required than what can be handled by using DRX off times alone, a measurement gap is required. Additionally, we believe that the protocol design should contain the flexibility to make measurements in the absence of measurement gaps, using only DRX cycles. In case the number of measurement objects is sufficiently small, and consequently, the measurement load is low; the DRX availability periods may be sufficient for the UE to make measurements on. Since measurement gaps are scheduled over long periods of time, this may possibly lead to needless interruption of data-plane services at the UE even though the measurement load is low. Based on this, we propose that the UE be allowed to make measurements in DRX, and the option to do so be left up to UE implementation.

Proposal 1: The UE shall be allowed to make inter-frequency/inter-RAT measurements on the DRX off periods in DRX cycles when it is not transmitting or receiving anything in its current cell. Depending on the measurement requirements, traffic conditions, and DRX configuration, DRX inactive periods may or may not be sufficient for performing inter-frequency/RAT measurements.   
In other words, we propose that the specification document carry no text to explicitly forbid this.

Further, because measurement gap patterns restrict the scheduler from making allocations to the UE over a long term, measurement gap configuration should be discouraged when it is deemed that DRX is sufficient to make measurements. 
Proposal 2: eNB shall send Measurement Gap Configuration for inter-frequency/inter-RAT measurements when it deems that the DRX-off periods for the UE are not sufficient. 
This implies that if the eNB sends a Measurement configuration (with measurement objects/quantities etc.) for inter-frequency/inter-RAT but does not send a gap configuration, the eNB assumes that the DRX off periods are sufficient to meet measurement requirements. 

Proposal 3: When the UE receives inter-frequency/inter-RAT measurement configuration but not gap configuration, the UE should be expected to make measurements in the DRX off periods.
4 Conclusion

In this contribution, we proposed that the UE may use DRX off periods for inter-frequency/RAT measurements. We also proposed that the eNB provides measurement gaps to the UE when it deems the DRX off periods are insufficient.
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