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1. Overall Description:

RAN4 has been working on measurement gap enhancements for LTE according to the work item description in RP-160604; following on from the release 13 study item (see TR36.894). RAN4 wishes to introduce requirements for the following enhancements related to measurement gaps
(1) Shorter duration measurement gaps, which may be used to make measurements when there is a known or approximately known timing relationship between serving frequency/frequencies and target frequencies to be measured. In this case, the gap can shorter than 6ms while still allowing neighbour PSS/SSS to be detected.

(2) Per component carrier configuration of gaps in carrier aggregation/dual connectivity, such that gaps are not required on all serving cells to make measurements under the assumption that the UE has multiple RF chains

(3) Measurement of multiple measurement objects in parallel in a single gap, again when the UE is implemented with multiple RF chains.

(4) Measurement gaps for interruption control, to avoid the autonomous interruptions which UEs may currently make in certain scenarios.

Shorter duration measurement gaps, which may be used to make measurements when there is a known or approximately known timing relationship between serving frequency/frequencies and target frequencies to be measured.
RAN4 is discussing the introduction of either 3ms or 4ms long gaps for the case where frequency layers are approximately synchronised. RAN4 will discuss and specify the minimum window within which the PSS and SSS should fall in order for the UE to be able to make measurements. RAN4 has also agreed
· Requirements for inter-RAT measurement will not be defined when reduced gaps are configured

· RSTD measurement shall be possible 

· When position occasion Nprs is not more than MGL-1ms, requirements for reduced MGL will be defined.

· When position occasion Nprs is more than MGL-1ms, r requirements for reduced MGL will not be defined
· MGRP of 40ms and 80ms shall be used

RAN4 view is that the capability to measure with shorter MGL is primarily a baseband capability, i.e. if this is an optional feature then a single, global capability is sufficient to indicate whether a UE can support shorter MGL or not.

Per component carrier configuration of gaps in carrier aggregation/dual connectivity, such that gaps are not required on all serving cells to make measurements under the assumption that the UE has multiple RF chains

A CA or dual connectivity configured UE using multiple RF chains is in principle able to make measurements without gaps on all of the serving cells. RAN4 view is that it would be desirable to allow configuration of gaps on only certain serving cells, to improve throughput while inter-frequency measurements are being performed. RAN4 has discussed extensively that the eNB needs to know which serving cell(s) need gaps for a particular CA and measurement configuration. Moreover, the measurement may cause interruption to other serving cells, so there is a relationship of this enhancement to the interruption control feature (4).
In the study item, RAN4 discussed a bitmap concept which is described to an extent in TR36.894. For each CA (or DC) combination, information is provided on whether gaps are needed or not to preform measurements of a particular target band. An example for one CA combination is shown below. The UE supports CA combination B1+B2+B3 and also other bands up to B10. The table shows the need for measurement gaps/interruption control gaps on each serving cell when measurement objects are configured on each different supported band.
	
	
	Measurement band

	
	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	Serving

cell
	B1
	GAP
	NO_GAP
	INT_GAP
	GAP
	INT_GAP
	GAP
	INT_GAP
	GAP
	GAP
	GAP

	
	B2
	NO_GAP
	GAP
	GAP
	NO_GAP
	GAP
	NO_GAP
	INT_GAP
	GAP
	GAP
	GAP

	
	B3
	INT_GAP
	NO_GAP
	GAP
	NO_GAP
	NO_GAP
	INT_GAP
	INT_GAP
	NO_GAP
	GAP
	GAP


RAN4 assumes that the need for gaps when measurement objects are configured on multiple bands could be derived according to the following rules
1. The needs for gaps combines with a logical-or function. For the example above, if measurements are configured on B2 and B8 then gaps are needed as follows

	
	
	Measurement band

	
	CC
	B2+B8

	Serving

cell
	B1
	GAP

	
	B2
	GAP

	
	B3
	NO GAP


2. A measurement gap can also be used for interruption control. In other words, if the table indicates that an INT_GAP is needed for one measurement object and a gap is needed for another measurement object then a gap is sufficient. To give a concrete example, measurements of B6+B7 would require

	
	
	Measurement band

	
	CC
	B6+B7

	Serving

cell
	B1
	GAP

	
	B2
	INT_GAP

	
	B3
	INT_GAP


Gaps may be either legacy 6ms gaps or shorter gaps according to feature (1).
RAN4 has also discussed the following points

· Although not explicitly shown, a CA/DC combination also includes the uplink configuration. In other words, a separate table such as the one shown above would be needed for each valid uplink configuration. The definition of gaps themselves is the same as release 8, i.e. a gap applies to both the downlink and the uplink.

· To simplify the work, a single MGRP/VIRP for all CC configured in each UE can be considered
· To simplify the work, a single measurement length (6ms or reduced according to feature 1) for all CC configured in each UE can be considered
· The need or otherwise for gaps does not depend on configured BW.

RAN4 has also discussed signalling complexity for this signalling.

Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network

Option 2: UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)

Option 3: UE signals capabilities based on configured CA combo (UE sends capabilities when configured with a certain CA combo)

Option 4: UE picks the gap configuration when the measurement configuration is received from network

Other options are not precluded

The discussion on capability signalling option may take place in RAN2 

Measurement of multiple measurement objects in parallel in a single gap, again when the UE is implemented with multiple RF chains.

RAN4 also discussed that it is possible for UEs with multiple RF chains to measure more than one measurement object in each gap. RAN4 discussed that the capability to do this depends on both baseband and RF architectures. For the baseband part, the searcher hardware in the implementation will have the capability of performing measurements of up to K measurement objects in parallel where K depends on the processing capability of the baseband hardware, e.g. some UE may support K=1, some may support K=2, K=3 and so on. This capability is independent of the measurement objects being considered.

There is also RF architectural limitations on which measurement objects may be measured in parallel, since not all RF chains are capable of operating on all bands.

RAN4 discussed that to exploit parallel measurements; the network needs to know how many measurement objects the UE will measure. A more capable UE could be configured with more measurement objects while still making measurement reports with the same delay as a UE which cannot perform measurement in parallel.
In principle the number of measurement objects which the UE may measure in parallel depends on

1. The CA configuration, which will determine which RF chains are configured

2. The per CC gap configuration which will determine which of these RF chains are free in gaps

3. The interfrequency measurement configuration.

Since this would result in an extremely large number of combinations, RAN4 thinks that it is acceptable if the effective number of frequencies that a UE would use (Nfreq in 36.133) is indicated using all of the following:

1. Indicating Nfreq only for the currently configured CA or single carrier configuration

2. Indicating Nfreq only for a maximal gap configuration (i.e. assume that gaps are configured on all CC).

3. Indicating Nfreq for measurement configurations requested by the eNB, rather than all possible measurement configurations.

Nfreq is the same as the number of configured interfrequency measurement objects for UEs that do not measure in parallel. If, for example, 2 measurement objects are configured in every gap then Nfreq=number of configured interfrequency measurement objects divided by 2.
Measurement gaps for interruption control, to avoid the autonomous interruptions which UEs may currently make in certain scenarios.

RAN4 has identified 3 scenarios where a measurement gap pattern for interrupt control would be beneficial, avoiding some UEs from making autonomous interruptions. In addition, both NCSG (network controlled short gap, a new gap pattern) and legacy 6ms gaps are suitable for interruption control. The agreements from RAN4#78bis on use cases are:
(1) Enable measurement on unused RF chains with interruption controlled on activated CC

(2) Enable per-CC measurement gap configuration with interruption controlled

(3) Eliminate/reduce interruption rate due to deactivated SCell measurement
· Both NCSG and measurement gap (e.g. legacy 6ms gap) are feasible for interruption control

Figure 1 shows a generic set of interruption control gaps. The red part of the pattern is the so called visible gap when the UE is not receiving from, or transmitting to, the serving cell. The duration of this part is designated as VIL (visible interruption length) and is the time when the UE is reconfiguring RF and causing interruption.

The blue part of the pattern is time when the measurement itself is made (although the UE is not precluded from measuring during some of the red part itself). The length of the blue part is designated as measurement length, ML. The UE may be scheduled on the carrier shown during the blue period, i.e. it is not part of the gap itself.
Time (VIL) is allowed for making a reconfiguration before and after each measurement. The periodicity of the gaps is denoted as VIRP (visible interruption repetition period).

During discussions in RAN4 it has been agreed that a 1-4-1 gap (i.e. VIL=1ms, ML=4ms and VIL=1ms) is suitable for the downlink and a 1-4-2 gap is suitable for the uplink to avoid interruptions. VIRP has also been discussed and there are two options under consideration in RAN4

Option 1: VIRP=40ms

Option 2: VIRP=40ms and 80ms


[image: image1]
As well as use of NCSG for interrupt control, RAN4 agreed that legacy gaps (i.e. with 6ms duration) may be used for interrupt control.
Considering the identified use cases for interrupt control, the eNB needs to be aware of whether a particular UE has an interruption issue so that it knows whether to configure an interruption control pattern or not. For the 3 use cases

· Enable per-CC measurement gap configuration with interruption controlled

This is already covered in the description of per CC measurement gaps above; provided that the UE gives an indication INT_GAP as shown in the examples, the network may decide to configure either a 6ms gap or an NCSG.

· Enable measurement on unused RF chains with interruption controlled on activated CC

This is partially covered in the description of per CC measurement gaps above; there is no assumption on whether unused RF chains are being used to make the measurement or whether the measurement is being performed by RF resources freed up by measurement gaps on another carrier.

Based on RAN4 discussion, this use case also applies to single carrier configurations. For example, if a CC capable UE is configured with a single carrier, it may well be able to perform measurements using spare RF chains, but these activities may cause interruption to the serving cell. This can be covered by extending the bitmaps shown above to single carrier configurations i.e. also having tables where there is only one serving cell such as:

	
	
	Measurement band

	
	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	Serving

cell
	B1
	GAP
	NO_GAP
	INT_GAP
	GAP
	INT_GAP
	GAP
	INT_GAP
	GAP
	GAP
	GAP


In this example case, when the UE has a serving cell on B1 it can measure B2 without gaps and B3 and B5 can be measured provided an interrupt control gap is provided. 

· Eliminate/reduce interruption rate due to deactivated SCell measurement

Considering deactivated SCell measurement, in principle the information that is needed is that for each SCell the UE would need to provide a list of other serving cells (PCell and other SCells) which are impacted by interruptions which could be avoided by an interrupt control gap pattern.

The following is an example of such a list for 4DL CA.

PCell : Cannot be deactivated

SCell 1 : Deactivated measurement of SCC1 causes interrupts to PCell

SCell 2 : Deactivated measurement of SCC2 causes interrupts to PCell and SCell 1

SCell 3 : Deactivated measurement of SCC3 does no cause interrupts
When multiple SCells are deactivated, such lists could be assumed to be combined with a logical “OR”, i.e. if any of the deactivated SCells causes interruption to a certain serving cell then the autonomous interruption could be avoided with an interruption control pattern.
2. Actions:

To RAN WG2 group.

ACTION: 
RAN WG4 asks RAN WG2 to review the signalling necessary to introduce the gap enhancements described in the liaison statement, and to provide feedback on the feasibility, as well as any clarifications on the enhancements which may need to be discussed in RAN4. Assuming that the introduction of the features is feasible, RAN4 requests RAN2 to do the necessary specification work so that both signalling and requirements for gap enhancements can be included in release 14.
3. Date of Next TSG-RAN4 Meetings:

3GPPRAN4#80-BIS
10 - 14 Oct 2016     Ljubljana   SI   

3GPPRAN4#81
14 - 18 Nov 2016     Reno, Nevada   US   

3GPPRAN4#82
13 - 17 Feb 2017     Athens   GR   
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ML: Measurement Length
VIL: Visible interruption length
VIRP: Visible interruption Repetition Period

Figure 1 : Generic small interruption control gap



