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Introduction
[bookmark: _Ref178064866]RAN4 had requested RAN2 in LS [1] to assess the signalling required for the agreed and proposed components of measurement gap enhancement feature. This includes 
· reduction in size of measurement gaps
· per component carrier measurements
· network controlled measurement gaps. 
This contribution assesses the potential solution specifically for per component carrier measurements.  
Discussion
In this contribution we would propose signalling for per component carrier measurements based on RAN 4 targets in this area, initial ground assumptions, related network and UE requirements. 
Target of per component carrier measurements gaps feature based on RAN 4 agreements:
· Per-CC based measurement gap can be configured with existing measurement gap patterns (i.e. Gap Pattern Id 0 or 1) or new gap patterns with shorter MGL 
· Short gaps and legacy gaps cannot be mixed for per-CC based measurement gap configurations
· Measurement gaps may or may not be configured on all serving cells

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.

Assumptions on Terminal capabilities, based on information in LS [1]:
Description. The RAN 4 LS [1] describes some basic assumption on terminal capabilities to supports per component measurement gap capability. These terminal capabilities are as follows:
· Terminal has multiple RF chains.
· It is possible for terminals with multiple RF chains to measure more than one measurement object in each gap
· Capability to measure more than one measurement object in one gap is unique to a temrinal and is based on both baseband and RF architectures.  
Requirements for per component carrier measurement gaps
Enhancements in UE capabilities
Network should be able to configure measurement gaps on the terminal’s individual component carriers based on terminal’s reported RF architecture. To achieve this, network must be aware about the relevant terminal architecture information so it can configure the measurement gaps per component carrier accordingly. The Network would need the following information pertaining to terminal architecture:
1. Terminal support for multiple RF chains. 
2. Specification if a measurement gap is at all required for a specific CA band combination 
3. Specification of the component carrier on which a measurement gap is required for a measurement frequency 

Enhancements in Network Gap Configurations
Once the terminal had signalled the network about the above mentioned RF structure, the network should then:
1- Configure the terminal with per component carrier measurement gaps
2- Configure the terminal with short or normal gaps
Signalling solution  
RAN4 had also discussed different options on handling these requirements. A comparison of these option is done in [1], and these were further elaborated in email discussion RAN2#95bis#10. Our preferred option is option 2 (“UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)”), for the following reasons:
· Option 2 provides the network with a complete picture of the terminal RF architecture.
· Option 2 is built on existing principles on UE capability reporting.
· Option 2 allows the network to optimize the UE configuration for maximum data throughput or highest measurements performance, depending on network operator priorities.
The “on-demand” reporting of capabilities is possible using the existing IE requestedFrequencyBands. Thus, the UE would only report CA band combinations consisting of bands requested by the network. 

[bookmark: _GoBack]Obviously, for this solution the UE capability signalling need to be extended such that the UE can indicate the need for gaps per measurement frequency for each downlink band (component carrier) in a band combination. One straightforward solution is to introduce an interFreqBandList with interFreqNeedForGaps (Boolean) in an extension of CA-MIMO-ParametersDL in the SupportedBandCombination structures. For each band (component carrier) and for measurements on the E UTRA band given by the entry in interFreqBandList, the interFreqNeedForGaps indicates if UE need gaps.

[bookmark: _Toc466075256][bookmark: _Toc466075401]Introduce UE capability signalling such that UE can indicate need for gaps per measurement frequency for each downlink band (component carrier) in a band combination. 
The signalling overhead can be roughly estimated as follows:
Total Signalling overhead = size of interFreqNeedForGaps (1 bit) * total number of entries in interFreqBandList * number of component carriers per CA combination * total number of CA band combinations reported by UE.
For a UE that supports 32 bands, this gives 128 bits for a 4DL CA band combination.
In Rel-13, the skipFallbackCombinations was introduced to further reduce the number of band combinations reported by the UE. Can an eNB infer the need for gaps on individual components of a fallback band combination, based on per-cc need for gaps reporting for a higher level band combination? For example, if the UE supports a 4-CA band combination on bands A+B+C+D and reports need for gaps on carrier 1 (that operates on band A) to measure Band F, would this mean that the terminal does not need gaps to measure Band F in case it is configured with a 2-CA band combination on bands C+D. This could significantly reduce the signalling overhead, but needs further investigation if it meets all use cases and scenarios. 
[bookmark: _Toc466075257][bookmark: _Toc466075402]RAN2/RAN4 to consider whether the per CC need for gaps for a band combination can be used by eNB to infer the per CC need for gaps for the fall back band combinations. 

For configuring the UE with measurement gaps on per component carriers, we could extend the measgapconfig IE as shown in Fig.1
FOR ILLUSTRATION,NOT CORRECT ASN.1
-- ASN1START

MeasGapConfig ::=					CHOICE {
	release								NULL,
	setup								SEQUENCE {
perCCGaps      										BIT STRING (SIZE (32));		
gapOffset							CHOICE {
				gp0									INTEGER (0..39),
				gp1									INTEGER (0..79),
		 		gp2 								INTEGER (0..39),
				gp3 								INTEGER (0..79)
				...
		}
	}
}

-- ASN1STOP

				Fig. 1: Proposed enhancement to IE MeasGapConfig 

[bookmark: _Toc466075258][bookmark: _Toc466075403]The description of the new proposed IE is as follows: 
	perCCGaps
	This IE specifies the component carriers on which the network configures a measurement gap. Bit 0 refers to ServCellIndex 0, Bit 1 refers to ServCellIndex 1, and so on. “1“ indicates a measurement gaps is configured on the corresponding component carrier.



The network should make sure that the eventual gap configuration is based on a cohesive consideration of gap requirements for each measurement ID since the terminal would report the requirement for measurement gaps per configured measurement ID. The network should combine the per CC need for gap indications for each band to measure, and configure the UE with per CC gaps accordingly.

[bookmark: _Toc466075259][bookmark: _Toc466075404]The MeasGapConfig is extended to 
-	configure measurement gaps per component carrier, and 
-	configure use of new short gap pattern. 

The same principle for introducing per CC need for gap for measurements as discussed in this document can be applied for measurement gaps for interruption control.  
Conclusion
In this contribution, signalling methodology based on RAN 4 LS option 2 for configuring per component carrier measurement gaps have been proposed. The main RAN 4 requirement for this feature is the possibility for network to configure measurement gaps on individual component carrier compared to current requirement to have gaps on all carriers. 

Based on the discussion in this document, we ask RAN2 to agree on the following proposals:
Proposal 1	Introduce UE capability signalling such that UE can indicate need for gaps per measurement frequency for each downlink band (component carrier) in a band combination.
Proposal 2	RAN2/RAN4 to consider whether the per CC need for gaps for a band combination can be used by eNB to infer the per CC need for gaps for the fall back band combinations.
Proposal 3	The MeasGapConfig is extended to  
- configure measurement gaps per component carrier, and  
- configure use of new short gap pattern.
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