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1 Introduction
In this contribution we discuss gap patterns for increasing UE scheduling opportunity/reducing UE power consumption. According to the way forward[1] from RAN4#75 the following aspects are considered
	· Strive to define unified measurement gap configurations for both sync and async networks. 
· Dedicated measurement gap configurations can be defined for synchronous networks only, if enough gain is justified 
· Study of MGL reduction for asynchronous network is not precluded.
· Study of burst gap pattern/periodical gap suspension is not precluded
· Study of reduced Gap impact on UL scheduling is not precluded


2 Discussion

First we observe that improvements in power consumption for non-DRX UEs due to measurement optimisations are likely to be relatively small. The reason is that when the UE is not in a measurement gap it is expected to decode PDCCH/ePDCCH from the serving cell and is able to be scheduled. So reducing the density or duration of measurement gaps does not lead to significantly less receiver activity in the non DRX case. In DRX, the power consumption may be reduced, but this can also be achieved just by relaxing the DRX requirement compared to the non-DRX requirement without introducing a new gap pattern.
Observation 1 : Power consumption is not significantly reduced for non DRX UEs by decreasing gap density. Power consumption may be reduced for DRX UEs without defining a new gap pattern.

Based on this observation, we consider that the discussion is mostly about increased scheduling opportunity when longer measurement delays can be accepted rather than saving power, eg to perform some low priority background search for interfrequency hetnet nodes or similar.

Two main techniques have been proposed to increase scheduling opportunity. Burst gap pattern and shorter MGL have been proposed. For shorter MGL in asynchronous scenarios, a short gap pattern is repeated with a periodicity which is not an exact multiple of 5ms, so that PSS/SSS will eventually fall into a measurement gap. For synchronous scenarios, a similar approach can be used but in principle the approximate timing of PSS/SSS is known so the measurement gap can be arranged to occur at around the time that the synchronisation signals are transmitted by the target eNB, and presumably the gap periodicity should be an exact multiple of 5ms.
In the case of shorter MGL, we believe the gap will need to be of at least 2-3ms duration even for synchronous scenarios. The reason is that 0.5ms x 2 is assumed for switching, 1ms would be needed for measurement purposes, and the cells are not perfectly synchronised  at the UE receiver especially due to differences in propagation delay. For async scenarios there may be up to ±0.5ms misalignment between subframe boundaries so, to guarantee that a full subframe of the target cell is received at the UE receiver, >2ms needs to be received and in practice gap duration is an integer number of subframes.
Observation 2 : To guarantee that a full subframe of an interfrequency target cell is received at the UE receiver, 3ms reception time is necessary

As a first approximation, in asynchronous scenarios we could assume that cell detection performance would be relaxed by a factor of 5 if one subframe is received from the target cell in each measurement gap. This is because the probability that the PSS/SSS falls within an arbitrary 1ms window is approximately 1/5 due to its transmission every 5ms.

Observation 3 : The probability that the PSS/SSS falls within an arbitrary 1ms window is approximately 1/5 due to its transmission every 5ms

Considering observation 2 and observation 3 together, we can see that the density of shorter MGL gaps may only be around 50% of the density of legacy gaps, whereas the basic cell identification time may be extentded by a factor of 5. Also considering observation 1, we question whethere it is beneficial to define gap patterns for LTE measurement with shorter than 6ms MGL. 
The alternative solution to improve scheduling is to continue use bursts of 6ms gaps. Indeed, this is possible to do this today using RRC signalling to start and stop the gap pattern, and to perform a background search for a hetnet node without the need for continuous gaps by, albeit with additional signalling overhead from the RRC messages to start and stop gaps. As a result, the gap pattern might be turned on relatively infrequently, eg once per minute. One the main purpose of standardising such a scheme is to preconfigure the start and stop of the burst so that such overheads can be eliminated.
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Figure 1 : Burst gap pattern

The main open issue for burst gap patern are the parameters and resulting performance. For Tgap and MGRP it is proposed to use legacy values of Tgap=6ms and MGRP=40ms or 80ms. Ngap and Tburst could be parameterised in the gap configuration, although it should be noted that LTE system frame number may put an upper limit of 10.24s on Tburst.
Proposal 1 : Burst gap pattern is adopted for for increasing UE scheduling opportunity
Proposal 2 : Tgap=6ms MGRP=40ms and/or 80ms and configurable Ngap and Tburst are considered

Some consideration would be necessary for the value range of Tburst and Ngap based on further discussion in RAN4.
3 Conclusions
In this contribution we discuss approaches for increasing UE scheduling opportunity and improving power consumption. Regarding power consumption aspects, we observe:
Observation 1 : Power consumption is not significantly reduced for non DRX UEs by decreasing gap density. Power consumption may be reduced for DRX UEs without defining a new gap pattern.

Next we discuss reduced MGL and burst gap pattern. For the reduced MGL approach in asynchronous scenarios, we think that there may be inefficiencies because:
Observation 2 : To guarantee that a full subframe of an interfrequency target cell is received at the UE receiver, 3ms reception time is necessary

Observation 3 : The probability that the PSS/SSS falls within an arbitrary 1ms window is approximately 1/5 due to its transmission every 5ms
Even in synchronous scenarios, a 3ms MGL may be needed due to 0.5ms+0.5ms switching time, 1ms measurement time and propagation delays and other time offsets between the serving and target interfrequency cell.

Based on this we propose:
Proposal 1 : Burst gap pattern is adopted for for increasing UE scheduling opportunity

Proposal 2 : Tgap=6ms MGRP=40ms and/or 80ms and configurable Ngap and Tburst are considered
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