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1 Introduction
In RAN4#80bis, an LS was agreed [1] with initial information for RAN2 to start working on measurement gap enhancement work in release 14. In this contribution we discuss what outstanding further information would be needed by RAN2 to complete the work
2 Discussion

Following the approach of the initial LS, we discuss each of the gap enhancement sub features.
(1) Shorter MGL 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.
The main outstanding issues which need to be discussed for this feature are the MGL length (3ms or 4ms) and the reception window over which the UE is expected to be able to detect PSS/SSS within the gap. From the information given, RAN 2 already knows that there will be two new gap pattern IDs (MGRP=40ms and MGRP=80ms), They also know that short gaps may be used for RSTD measurement but not for interRAT measurements.

In our understanding, the mapping from gap pattern ID to gap parameters (i.e. MGRP, MGL etc.) does not greatly affect the work in RAN2. Hence, it seems that RAN2 is already well able to progress with this sub feature. Naturally, RAN4 should still inform RAN2 about any further agreements so that RAN2 has a complete view of the sub feature.

Since RAN2 refers to RAN4 specifications to map from gap pattern ID to gap parameters, RAN4 should provide timely information on how specifications may be updated to reflect the new patterns. One way in which this could be done is shown below
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	2
	[3] or [4]
	40
	60NOTE 1
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

	3
	[3] or [4]
	80
	30NOTE 1
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

	Note 1: Although less time than this is available during a 480ms measurement period, the UE measurement requirements are the same as for gap patterns 0 and 1 as the UE is able to exploit the limited time difference to determine a smaller window for cell detection


(2) Per-CC based configuration of gaps in carrier aggregation/dual connectivity, such that identical gap configuration is not required on all serving cells to make measurements under the assumption that the UE has 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.

One main outstanding issue which is important for RAN2 is understanding of the UE architecture (or capabilities) which would allow the serving eNB to determine which serving cell(s) need gaps, and which type of gaps are needed for a particular CA and measurement configuration. This is indicated in the initial LS “RAN4 has discussed extensively that the eNB needs to know which serving cell(s) need gaps for a particular CA and measurement configuration. This discussion has not yet been concluded. Moreover, the measurement may cause interruption to other serving cells, so there is a relationship of this enhancement to the interruption control feature (3).”
In the past we have analysed one of the solutions from the SI phase of the work which is documented in TR36.894 using the bitmap approach. There are several open issues which would need to be resolved before such an approach could be converted into a working solution. Some of the issues we have raised in the past include

· Definition of a “CA combo”.

For this topic, we note that RAN2 already has a strict definition of a “CA combo”. This is for instance signalled in the supportedBandCombination IE, and can also include non-CA bands (i.e. supported single carrier bands).
	supportedBandCombination

Includes the supported CA band combinations, if any, and may include all the supported non-CA bands.

	supportedBandCombinationAdd-r11
Includes additional supported CA band combinations in case maximum number of CA band combinations of supportedBandCombination is exceeded.


Unless any specific concern is identified, it seems reasonable to consider a “CA combo” within the context of measurement gap enhancement capabilities with the same definition. Specifically, this means there would be one bitmap table for each supportedBandCombination, and related to our earlier questions, the uplink CA capability is part of this definition, meaning that there is in principle a different bitmap for each possible uplink configuration. 
Proposal 1: Within the context of the bitmap example in TR36.894, each CA combo is considered to be according to the RAN2 definition of a supportedBandCombination
There is a strong dependency between the per CC measurement gap feature and the other features which RAN4 is working on. Therefore, following the bitmap example in TR36.984, at least the following options seem to be needed for each CC (rather than just a simple gap/no gap indication)

a.
No gap needed

b.
Interrupt control gap needed

c.
Legacy or reduced length 3ms gap (RLG) needed (if the UE supports RLG and synchronisation conditions will support the use of RLG then eNB may configure 3ms gap)
Proposal 2: Within the context of the bitmap example in TR36.894, at least the following options are needed for each CC a) No gap needed b) Interrupt control gap needed c) Measurement gap needed and the specific component carrier where the gap is needed
If c) is indicated, then RAN4 already decided (and indicated to RAN2) “•
Short gaps and legacy gaps cannot be mixed for per-CC based measurement gap configurations”, so there is no need to differentiate between short gap and legacy gap for c).

It would be more difficult to make the concept work with different MGRP on each CC, for instance consider that 40ms MGRP is configured for measurements on some CC and 80ms MGRP is used on another CC. If NCSG is needed on another CC, then it is very unclear if the periodicity needs to be 40ms or 80ms. For this reason, we recommend that MGRP remains a per UE parameter.

Proposal 3: To simplify the work, a single MGRP/VIRP for all CC configured in each UE can be considered.
Proposals 2 and 3 taken together mean that ML and MGRP are common parameters across all CC. This means that the interruption control pattern that is needed is unambiguous (assuming an interruption control pattern is needed).
The final remaining issue is signalling ambiguity. This arises when the UE is configured with more than one measurement object. Taking the example bitmap from TR36.894 
	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	-
	-
	-
	GAP
	NOGAP
	GAP
	NOGAP
	GAP
	GAP
	GAP

	B2
	-
	-
	-
	NOGAP
	GAP
	NOGAP
	NOGAP
	GAP
	GAP
	GAP

	B3
	-
	-
	-
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	GAP
	GAP


As we have discussed previously, there are some ambiguities in this signalling which become relevant if multiple measurement bands are to be configured simultaneously. From the B4 column, we may infer that the B1 RF chain is used for B4 measurements. However, if we look at the B8 column, we cannot infer whether the B1 RF chain or the B2 RF chain is used to make the measurement – all that is indicated is that gaps are to be configured on both B1 and B2. If all that is to be configured is measurements of B8 then the eNB does not need to know which RF chain is used to make the measurement- it can simply configure the needed gaps. The use of RF chain is a part UE implementation that the network should not need to be aware of. However, it is not completely clear how we combine columns of the table when multiple bands are to be measured in the same configuration.
In principle this could be resolved by introducing additional columns to the table for each combination.

	CC
	B1
	B2
	B3
	B4
	B5
	B1+B2
	B1+B3
	B1+B4
	B1+B2+B3+B4
	…

	B1
	GAP
	NOGAP
	NOGAP
	GAP
	NOGAP
	GAP
	NOGAP
	GAP
	GAP
	…

	B2
	NOGAP
	GAP
	NOGAP
	NOGAP
	GAP
	GAP
	GAP
	NOGAP
	GAP
	…

	B3
	NOGAP
	NOGAP
	GAP
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	GAP
	…


However, the number of columns to be added is vast. In general, if there are N options and we choose r bands out of the N options, then the number of combinations is N! /(N-r!). Since we can choose to configure measuring on r=1,2,3…N bands, the number of columns is theoretically 
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N is the number of bands supported by the UE. In practice the numbers may not be quite so large if the number of measurement objects, is limited to less than N by UE capabilities. The equation then becomes
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Now N is the number of bands supported by the UE (unless the eNB can indicate that it is not interested in measuring certain frequency bands, in which case N can be reduced) and k is the maximum number of measurement objects that can be configured by the NW. However, even if we assume a UE that supports 10 bands and 3 measurement objects, there are 820 columns in the table. With incmon, or for UE that supports more bands, the table size explodes and could involve many millions of columns. For example, C8,10=792100 for an incmon UE which can measure up to 8 bands and supports 10 bands. There would then be a table with 792,100 columns for each CA band combination, and each table also has multiple rows depending on how many CC the UE supports.
Clearly, indicating explicitly the gap configuration for all combinations of measurement bands is not practical, and rules to derive the needed gap pattern when multiple bands are measured need to be specified. These rules are related to assumptions about UE RF architecture and hence we think the combining rules need to be discussed in RAN4.

We think the following rules can be considered on a per CC basis

1. If one or more measurement bands (columns in the table) indicates a need for GAP for a certain CC, the combined result for that CC is GAP. 
2. If one or more measurement bands (columns in table) indicates a need for INTC for a certain CC (INTC entries are logically “OR’d”) and no other column indicates a need for GAP for that CC, the result is INTC. If any of the columns indicates a need for GAP, rule 1 already indicates that GAP should be configured. 
3. If all measurement bands (columns in the table) indicate NOGAP for a certain CC, the result is NOGAP (NOGAPS are combined in logical “AND”).
The combination of GAP+GAP (rule 1) and NOGAP+NOGAP (rule 3) is relatively self-explanatory. If the UE needs a measurement gap on a certain set of CCs to be able to measure one measurement object, then that gap should be provided. Then according to rule 1, gaps are provided on all CC where they are needed to measure any of the measurement objects. Also if the UE does not need a gap on a certain CC to measure any of the individual CCs, then gaps do not need to be provided.

For interruption control, if measuring any of the measurement objects will cause interruption on a certain CC then interrupt control gaps need to be provided. Hence, INTC gaps should be provided on all CCs where at least one of the measurement objects indicates they are needed. However, if some configured measurement objects need GAP for a certain CC and others need INTC, then GAP should take priority. This is because measurement gaps can also be used for interruption control.

Proposal 4: Multiple measurement object per CC gap configurations can be derived from single measurement object per CC gap configurations using the following rules

1. If one or more measurement bands (columns in the table) indicates a need for GAP for a certain CC, the combined result for that CC is GAP. 

2. If one or more measurement bands (columns in table) indicates a need for INTC for a certain CC (INTC entries are logically “OR’d”) and no other column indicates a need for GAP for that CC, the result is INTC. If any of the columns indicates a need for GAP, rule 1 already indicates that GAP should be configured. 

3. If all measurement bands (columns in the table) indicate NOGAP for a certain CC, the result is NOGAP (NOGAPS are combined in logical “AND”).

Finally, we observe that many of these issues would not need to be resolved if RAN2 selects “Option 4: UE determines the exact measurement gap configurations per CC and signals NW the corresponding gap pattern ID. NW can override UE’s decision by falling back to legacy per-UE based measurement gap configuration.”.
 However, the choice of signalling option is for RAN2 to decide. RAN4 should provide information that allows different approaches to be selected by RAN2. The downside of option 4 is that the NW is not provided any information about per CC measurement capabilities in advance of configuration (both CA configuration and measurement configuration). Hence it would not be able to configure measurements in a smart way based on prior knowledge of the UE’s capability. An example of smart measurement could be to start gap patterns based on a different trigger for UEs that only need gaps on, say, one SCell, compared with UEs that need per UE gaps. As the gaps on one SCell have less impact to throughput, the network can very well decide to configure such gaps more commonly (i.e. at a higher serving threshold) than for gaps such as per UE gaps with large throughput impact (i.e. at a lower serving cell threshold)
As part of the work on per CC based measurement gap configurations, there is an objective to specify use of multiple RF chains to perform measurements in parallel:
	· Specify per-CC based measurement gap configurations

· …

· Use of multiple RF chains to perform measurements in parallel, depending on UE measurement capabilities
· …



This has been discussed in RAN4 previously and some of the main points raised have been

· It has been discussed whether the eNB needs to know that the UE has the capability to measure in parallel

· The parallel measurement capability is a baseband as well as an RF capability. For example, performing parallel measurement depends on the processing capability of the searcher.

For the first point, our view is that it is essential that the eNB knows whether the UE will perform parallel measurements, because it greatly impacts measurement delays. It is expected that an eNB may configure a more capable UE with a greater number of measurement objects, enabling for example, interfrequency handover or carrier aggregation with hotspots on a larger number of frequencies. This is not to say that the less capable UE would not be functional, or fail to remain in coverage, with a restricted neighbour frequency list but that the more capable UE would be able to offer a better user experience especially when the enhanced measurement performance is used in conjunction with other advanced features such as LAA or DL CA with a larger number of downlink carriers. 

For the second issue, we recognise that it would not be desirable to mandate all UEs with multiple RF chains to perform parallel measurements due to cost and complexity issues. In practice, what matters to the eNB is the Nfreq that the UE will use for a given measurement configuration, and the eNB does not have to be aware of whether the restriction arises from baseband or RF.

In principle, the Nfreq that the UE would use depends on four factors

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.

4. Any UE baseband processing limitation, e.g. UE does not have baseband capability to measure more than X carriers in parallel even if there are multiple RF chains free in gaps

This means that the capability for signalling Nfreq may become extremely complicated, i.e. there are many combinations of these 3 factors (the analysis above holds for factor 3.). Signalling could be simplified for example by doing 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.

Proposal 5: The Nfreq that will be used by the UE is for certain measurement configuration(s) is requested by the eNB and provided for the currently configured CA combination assuming a maximal gap configuration 
 (3) Measurement gaps for interruption control, to avoid the autonomous interruptions which UEs may currently make in certain scenarios.
So far RAN4 has indicated the following use cases to RAN2 for this feature.
(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

One main discussion how the eNB knows that an interruption control pattern is needed. Use case (2) is already covered by the consideration in the section above, if proposal 2 is accepted and a new option is added to the bitmap tables, designated as b) Interrupt control gap needed. 

Similarly use case 1 can be covered by this as well, since under proposal 1, we include non-CA bands. This means that it is possible for a UE to indicate e.g.
	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	GAP
	GAP
	GAP
	GAP
	INTC
	INTC
	INTC
	GAP
	GAP
	GAP


In this particular example the UE might use the B1 RF chain to measure B1 (inter), B2, B3, B4, B8, B9, or B10, and it presumably uses a spare RF chain to measure B5, B6 and B7, which requires an interruption control gap on B1. Of course, if there was no interruption at all, it could indicate
	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	GAP
	GAP
	GAP
	GAP
	NOGAP
	NOGAP
	NOGAP
	GAP
	GAP
	GAP


So the signalling under proposals 1 and 2 appears to cover use cases (1) and (2). For use case (3), 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. In previous meetings we proposed that “For each deactivated 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.”. However, this information would need to be provided for every CA combo and for each combination of active SCell there needs to be a list of PCell/other SCells which are impacted by interruptions. It can be seen that this information is quite extensive. Since the overhead of interruption control patterns such as NCSG is small, the benefit of targeting the deactivated SCell measurement interruption control pattern gap to only certain CCs is questionable. Therefore, we replace this proposal by a simplified proposal  . 
Proposal 6; For each measurement object on a deactivated SCell frequuency the UE would need to provide an indication of whether any other serving cells (PCell and other SCells) are impacted by interruptions which could be avoided by an interrupt control gap pattern.
When multiple SCells are deactivated at the same time, the overall indication can be derived by a logical “OR” operation. If any deactivated SCell causes interruption, then overall the interruptions could be avoided by an interruption control pattern.
Proposal 7: When multiple SCells are deactivated at the same time, the overall indication for whether any other serving cells (PCell and other SCells) are impacted by interruptions which could be avoided by an interrupt control gap pattern can be derived by a logical “OR”
Similarly, as above, RAN4 should discuss and consider the mapping in 36.133 for gap pattern ID e.g.
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE for measurement
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x, interruption control according to requirements in sections x,y,x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x, interruption control according to requirements in sections x,y,x

	3
	…
	…
	…
	…, interruption control according to requirements in sections x,y,x

	4
	…
	…
	…
	…, interruption control according to requirements in sections x,y,x


Table 8.1.2.1-2: Network controlled short gap (NCSG) Pattern Configurations supported by the UE for interruption control

	Gap Pattern Id
	Visible interruption length before measurement (VIL1, ms)
	Measurement Length during which there is no gap (ML, ms)
	Visible interruption length after measurement (VIL2, ms)
	Visible interruption Repetition Period

(VIRP, ms)
	 Purpose

	5
	1
	4
	1
	40
	Interruption control according to requirements in sections x,y,x

	6
	1
	4
	1
	80
	Interruption control according to requirements in sections x,y,x

	…
	
	…
	
	…
	Interruption control according to requirements in sections x,y,x

	…
	
	…
	
	…
	Interruption control according to requirements in sections x,y,x


Since the parameters for NCSG have different naming and format than legacy gaps (1-4-1 versus 6) it may be clearer to put the new gap patterns in a different table (as shown above), however, the gap pattern IDs should be allocated uniquely across both tables.
Proposal 8: Information on new gap pattern IDs (for both short ML and NCSG) is provided to RAN2 when available
3 Conclusions
In this contribution we discuss the following proposals

Proposal 1: Within the context of the bitmap example in TR36.894, each CA combo is considered to be according to the RAN2 definition of a supportedBandCombination
Proposal 2: Within the context of the bitmap example in TR36.894, at least the following options are needed for each CC a) No gap needed b) Interrupt control gap needed c) Measurement gap needed and the specific component carrier where the gap is needed

Proposal 3: To simplify the work, a single MGRP/VIRP for all CC configured in each UE can be considered.

(a common gap length was agreed in RAN4#80)
Proposal 4: Multiple measurement object per CC gap configurations can be derived from single measurement object per CC gap configurations using the following rules

1. If one or more measurement bands (columns in the table) indicates a need for GAP for a certain CC, the combined result for that CC is GAP. 

2. If one or more measurement bands (columns in table) indicates a need for INTC for a certain CC (INTC entries are logically “OR’d”) and no other column indicates a need for GAP for that CC, the result is INTC. If any of the columns indicates a need for GAP, rule 1 already indicates that GAP should be configured. 

3. If all measurement bands (columns in the table) indicate NOGAP for a certain CC, the result is NOGAP (NOGAPS are combined in logical “AND”).

Proposal 5: The Nfreq that will be used by the UE is for certain measurement configuration(s) is requested by the eNB and provided for the currently configured CA combination assuming a maximal gap configuration 
Proposal 6; For each measurement object on a deactivated SCell frequuency the UE would need to provide an indication of whether any other serving cells (PCell and other SCells) are impacted by interruptions which could be avoided by an interrupt control gap pattern
Proposal 7: When multiple SCells are deactivated at the same time, the overall indication for whether any other serving cells (PCell and other SCells) are impacted by interruptions which could be avoided by an interrupt control gap pattern can be derived by a logical “OR”
Proposal 8: Information on new gap pattern IDs (for both short ML and NCSG) is provided to RAN2 when available
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