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1 Introduction
Discussions on shorter MGL took place in RAN4#78bis. The outcome of the discussions was agreements as shown below

	· Per-UE based measurement gap configurations with shorter MGL can be introduced

· Legacy MGRP can be reused, i.e. 40ms and 80ms

· Other option is not precluded if significant benefit is identified

· MGL is FFS

· The number of shorter MGL configurations is FFS

· The related decision can be made by RAN4#79

· Per CC based measurement gap with shorter MGL is FFS




Based on this, there seem to be a number of key decisions which are required to complete the work on shortened MGL ie

· The length(s), MGL, of the shorter gap configuration(s)

· The MGRP

· The number of shorter gap configurations

· Handling of per CC measurement gap with shorter MGL (not indicated to be decided in RAN4#79)

In addition, the scope of the work includes intefrequency OTDOA measurement. We would also like to consider issues related to DRS measurements, considering both release 12 small cell enhancements, and release 13 LAA.
2 Discussion

We begin by discussing MGL for the shorter gap configuration. There would ideally only be a need for one MGL length (similarly as there has only been one 6ms MGL for legacy gas in release 8) unless some significant benefit or different use case is identified for multiple MGL. However, it should be recognised that multiple MGL configurations involve a significant investment and effort to both UE and eNB implementation.
The fundamental purpose of shorter MGL is to exploit deployments where interfrequency cells are synchronous with the serving cell, such that a 5ms window is not needed to search for PSS and SSS. The shorter MGL must also contain enough CRS symbols (and if CSI-RSRP is to be measured, CSI-RS symbols) to allow accurate measurement to be made, also considering implementation aspects that the UE may need to measure multiple neighbour cells with reasonable complexity.
In addition, implementation aspects for both eNB, UE and deployment need to be considered in the design of the shorter MGL. Main factors include

· How accurately neighbouring eNB can be synchronised, considering that they operate on different frequencies and are deployed at different sites?
· What is the maximum propagation delay (cell size) to be supported for measurement?

eNB synchronisation and maximum propagation delay can be jointly considered, since from a measurement perspective the UE cannot differentiate between different timing which occurs due to imperfect synchronisation and different timing which occurs due to propagation delay. In interband carrier aggregation, it is specified that with or without MIMO or TX diversity, TAE shall not exceed 260ns. However, this requirement applies to signals transmitted by the same eNB which will be able to use a common baseband clock for both component carriers. Propagation delay is assumed to be up to 30µS, corresponding to distance of approximately 9km based on c≈ 300000000m/s. Since SCells are serving cells, a greater propagation delay should be assumed for a non serving neighbour cell. On the other hand, it is unlikely that the UE needs to perform interfrequency handover to a very distant interfrequency neighbour. 
RAN4 could further discuss the accuracy of synchronisation and maximum propagation delay, however we propose as a starting point that a total budget of 100uS could be considered. 

This would need to be captured as a side condition for the 3ms measurement requirements to apply, eg

The requirements apply provided that the received time difference between the serving cell and target cell is less than 100uS at the UE antenna connector.
· How much switching time is needed for the UE to change operating frequency (including AGC acquisition) at the start and end of a measurement gap?

It is proposed to assume 0.5ms+0.5ms as this value is the legacy one, assumed for 6ms MGL gaps.

· How many CRS (or CSI-RS) symbols are needed? Typically existing UE implementations measure using 1 or 2 subframe snapshots

It is proposed to assume for the purposes of RAN4 work that 1 subframe is sufficient for measurement. If we do not make this assumption then MGL for the shorter gap pattern would need to be at least 4ms (assuming 2ms for measurement, 0.5+0.5ms for switching and any non-zero value for propagation delay and timing alignment error). Considering that legacy gaps are 6ms long, it hardly seems beneficial to develop a new gap pattern with MGL=4ms. If a UE is able to switch in slightly less than 0.5ms, it would still be able to use a 2 subframe snapshot as an implementation option. The specifications could not mandate the use of a 1 subframe snapshot, but it is clear that if MGL=3ms, the UE needs to have a better switching time than 0.5ms+0.5ms to obtain a 2 subframe snapshot considering practical propagation delays and network synchronisation.
Proposal 1 : 3ms MGL is assumed for shortened gaps

The expectation is that this would allow very similar RSRP and RSRQ measurement performance as for 6ms gaps covering existing asynchronous cases. If this is not feasible then the risk is that it is unattractive to configure 3ms gaps when mobility works well with 6ms gaps. Assuming a single subframe for measurements, it should still be feasible to meet accuracy requirements, and further improvement could be expected if an implementation used a 2 subframe snapshot with faster switching.
Proposal 2 : Non DRS based RSRP, RSRQ, CSI-RSRP and RS-SINR measurement performance with 3ms MGL gap pattern and synchronous frequency layers is the same as measurement performance with 6ms MGL and asynchronous frequency layers

On MGRP configurations, the baseline agreement is to use 40ms and 80ms and other options are not precluded if significant benefit is identified. We have not identified any significant need to define other MGRP periodicity, especially if we assume proposal 2 to be true. Of course other MGRP settings could allow for scaling of measurement performance (either faster measurement reporting with denser gaps or slower measurement reporting with less dense gaps than current settings) but as other MGRP settings have not proved necessary for 6ms gaps, there seems no obvious reason to introduce them for short MGL gaps either. In addition, the MGRP needs to be based on SFN periodicity so that it repeats on the same frame numbers in every SFN cycle. This means that certain MGRP (for example 120ms) are not feasible since 10240/120 = 85.3333.
Proposal 3 : 40ms and 80ms MGRP are used

Proposals 2 and 3 taken together imply that there would be two basic shorter gap patterns, 3ms MGL with 40ms periodicity and 3ms MGL with 80ms periodicity.
Proposal 4 : Two shorter MGL patterns are specified (MGL=3ms, MGRP=40ms and MGL=3ms, MGRP=80ms).

OTDOA measurements with shorter MGL

Requirements for interfrequency OTDOA accuracy from 36.133 are shown below. It can be observed that for 6RB and 15RB PRS bandwidth cases, the minimum number of available measurement subframes among the reference cell and the measured neighbour cell i is specified to be 4 subframes. For the 25RB PRS bandwidth case it is 2 subframes. If the shorter MGL is specified to be MGL=3 ms (proposal 1), it is clear that 6RB and 15RB PRS bandwidth measurements have no applicable requirement (since the UE cannot use 4 subframes for the measurement, even if the cells involved in the RSTD measurement are configured with NPRS=4). For 25RB measurement, it depends on the switching time but unless we consider faster than 0.5ms+0.5ms switching, requirements could not be met as the UE does not have the possibility to measure interfrequency PRS for 2 subframes.
Since PRS measurement is not possible for these cases (at least considering minimum performance requirements), the eNB and UE could adapt the MGL if RSTD measurements are configured with a measurement BW of 6 or 15RB (and potentially also 25RB). This means that if the UE is configured with shorter MGL, the shorter MGL is not applied if RSTD measurements of 6/15/[25] RB are configured, and the UE could use legacy 6ms gaps when those are needed for the RSTD measurement. In principle the eNB also knows that the UE will need longer gaps whenever narrower BW RSTD measurements are configured, so it is able to adapt the gap pattern to match the longer gap pattern that will be taken into use by the UE. Alternatively, the UE could explicitly indicate to the eNB that it has started to use longer gaps for the measurement (for instance there may be some UE which exceed minimum requirements and can still use short MGL gaps, say when 15 or 25RB PRS BW is configured).
Proposal 5 : When  RSTD measurements based on 6/15/[25]RB PRS bandwidth are configured, the UE may adapt its gap pattern to allow the RSTD measurements to be performed

Proposal 6 : The eNB may either assume implicitly that a longer gap pattern has been taken into use in these cases, or the UE may provide an explicit indication that it is using longer MGL.
Table 9.1.10.2-1: RSTD measurement accuracy

	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS
bandwidth which is minimum of serving cell channel bandwidthNote7 and the PRS bandwidths of the reference cell and the measured neighbour cell i
	Minimum number of available measurement subframes among the reference cell and the measured neighbour cell i
	Io Note 6 range

	
	
	
	
	E-UTRA operating band groups Note 8
	Minimum
Io Note 1
	Maximum
Io

	Ts Note 2
	dB
	RB
	
	
	dBm/15kHz Note 5
	dBm/BWChannel

	(21
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	≥ 6
	4
	FDD_A, TDD_A
	-121
	-50

	
	
	
	
	FDD_B
	-120.5
	-50

	
	
	
	
	FDD_C, TDD_C
	-120
	-50

	
	
	
	
	FDD_D
	-119.5
	-50

	
	
	
	
	FDD_E, TDD_E
	-119
	-50

	
	
	
	
	FDD_F
	-118.5
	-50

	
	
	
	
	FDD_G
	-118
	-50

	
	
	
	
	FDD_H
	-117.5
	-50

	
	
	
	
	FDD_N
	-114.5
	-50

	(16
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 15
	4
	Note 4
	Note 4
	Note 4

	(10
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 25
	≥ 2
	Note 4
	Note 4
	Note 4

	(9
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 50
	≥ 1
	Note 4
	Note 4
	Note 4

	(8
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 75
	≥ 1
	Note 4
	Note 4
	Note 4

	NOTE 1:
This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.

NOTE 2:
Ts is the basic timing unit defined in TS 36.211 [16].

NOTE 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].

NOTE 4:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth ≥ 6 RB.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 6:
The Io is defined in PRS positioning subframes. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same subframe.

NOTE 7:
If a CA capable UE is configured with one or two SCell(s), the serving cell channel bandwidth is the minimum of the serving cell channel bandwidths in the component carriers involved in the RSTD measurement. If any of the serving cells is not involved in this RSTD measurement for CA, the channel bandwidth of that serving cell is not included in the determination of the minimum PRS bandwidth.

NOTE 8:
E-UTRA operating band groups are as defined in Section 3.5.


DRS measurements with shorter MGL
For DRS based measurements, both rel12 SCE and rel13 LAA must be taken into account. Starting with rel12 SCE, 
Another remaining issue is whether there should be per CC configuration of shorter MGL. We would comment that this may complicate work on per CC gap configuration, and our view is that this is already a complicated topic. For example, if a mixture of 3ms and 6ms gaps are configured on different CC and NCSG need to used on other CC to prevent interrupts, then the NCSG pattern may become very complicated. The decision on per CC configuration of shorter MGL is not targeted to RAN4#79 so it could be discussed in more detail once progress has been made on the per CC gap configuration topic based on 6ms legacy gaps.
The requirements for SCE interfrequency measurements are copied for FDD and TDD
Table 8.6.2.2.1.1-1: Requirement to measure FDD inter frequency cell

	Measurement bandwidth[RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period inter_FDD_CRS [ms]

	
[image: image1.wmf]³

6
	≥1
	5 *  Max{ TDMTC_periodicity, MGRP}*Nfreq

	
[image: image2.wmf]³

25
	≥1
	3 *  Max{ TDMTC_periodicity, MGRP}*Nfreq


Table 8.6.2.2.2.1-1: Requirement to measure TDD interfrequency cell

	Measurement bandwidth[RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period inter_TDD_CRS [ms]

	
[image: image3.wmf]³

6
	≥2
	5 *  Max{ TDMTC_periodicity, MGRP}*Nfreq

	
[image: image4.wmf]³

25
	≥2
	3 *  Max{ TDMTC_periodicity, MGRP}*Nfreq


Based on these requirements, it would appear

· Measurement of a SCE DRS in an FDD interfrequency cell should be feasible with shorter MGL, regardless of measurement BW. The eNB may use a Discovery signal occasion duration (ds-OccasionDuration) of between 1 and 5 subframes. Clearly, with a shorter MGL eg 3ms, the UE will not be able to measure all the DRS subframes, but nevertheless it should be possible to make the measurement using whichever DRS subframes coincide with the gap. Note that the eNB may wish to configure Discovery signal occasion duration (ds-OccasionDuration) which is longer than the gap, because the same DRS are measured by other UEs (as intrafrequency measurements, or as interfrequency measurements by UEs that have been configured with MGL=6ms)
· Measurements of a SCE DRS in a TDD interfrequency cell may not be feasible, since requirements are applied today for Discovery signal occasion duration (ds-OccasionDuration)≥2,  unless the UE can perform faster than 0.5ms carrier switching.
Observation 1 : Measurement of a SCE DRS in an FDD interfrequency cell should be feasible with shorter MGL, regardless of measurement BW.

Observation 2 : Measurement of a SCE DRS in an TDD interfrequency cell may not be feasible unless the UE can perform faster than 0.5ms carrier switching.

LAA-DRS

In LAA, the DRS is slightly modified compared with SCE-DRS. Firstly, the LAA DRS sequence is always 11 OFDM symbols. However, LAA allows for the serving eNB to choose different subframes for the transmission of the DRS within the DMTC window (so called “floating DRS”). For interfrequency measurements with short MGL, if  the eNB selects a floating DRS timing which does not fall inside the measurement gap, the UE will not be able to measure the target cell. If we assume 3ms short MGL and 0.5ms switching time, there is only 1 subframe on which the UE can make measurements, or potentially 2 subframes if faster switching is feasible. Since LAA measurements are already more challenging due to the potential LBT operation, it would be unfortunate if the UE missed some or even most of the DRS transmissions due to the shorter MGL. Hence, we propose similar proposals to those for PRS
Proposal 7 : When  LAA measurements are configured, the UE may adapt its gap pattern to allow the DRS measurements to be performed

Proposal 8 : The eNB may either assume implicitly that a longer gap pattern has been taken into use in these cases, or the UE may provide an explicit indication that it is using longer MGL.
Another remaining issue is whether there should be per CC configuration of shorter MGL. We would comment that this may complicate work on per CC gap configuration, and our view is that this is already a complicated topic. The decision on per CC configuration of shorter MGL is not targeted to RAN4#79 so it could be discussed in more detail once progress has been made on the per CC gap configuration topic based on 6ms legacy gaps.

3 Conclusions

Proposal 1 : 3ms MGL is assumed for shortened gaps

Proposal 2 : Non DRS based RSRP, RSRQ, CSI-RSRP and RS-SINR measurement performance with 3ms MGL gap pattern and synchronous frequency layers is the same as measurement performance with 6ms MGL and asynchronous frequency layers

Proposal 3 : 40ms and 80ms MGRP are used

Proposal 4 : Two shorter MGL patterns are specified (MGL=3ms, MGRP=40ms and MGL=3ms, MGRP=80ms).

Proposal 5 : When  RSTD measurements based on 6/15/[25]RB PRS bandwidth are configured, the UE may adapt its gap pattern to allow the RSTD measurements to be performed

Proposal 6 : The eNB may either assume implicitly that a longer gap pattern has been taken into use in these cases, or the UE may provide an explicit indication that it is using longer MGL.
Observation 1 : Measurement of a SCE DRS in an FDD interfrequency cell should be feasible with shorter MGL, regardless of measurement BW.

Observation 2 : Measurement of a SCE DRS in an TDD interfrequency cell may not be feasible unless the UE can perform faster than 0.5ms carrier switching.

Proposal 7 : When  LAA measurements are configured, the UE may adapt its gap pattern to allow the DRS measurements to be performed

Proposal 8 : The eNB may either assume implicitly that a longer gap pattern has been taken into use in these cases, or the UE may provide an explicit indication that it is using longer MGL.
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