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1	Introduction
In RAN4#81, the following information has been captured for Per-CC based measurement gap configuration: 
	· RAN4 has been discussing further information that would be needed for RAN2 to make an informed decision between approaches, and to complete the work for the chosen approach
· Approach A (eg Options 1,2) : Gap capabilities are reported by the UE in advance of configuration of CA and measurements
· eNB may use the information to select a suitable configuration based on its gap needs
· UE does not have the opportunity to optimize its gap configuration once the exact measurement configuration is known. 
· Reported gap capabilities can result in a pessimistic indication of need for GAP/NCSG, although UE has sufficient gaps to measure.
· Approach B (eg Option 4)  : Gap capabilities are reported by the UE after configuration of CA and measurements
· UE has the opportunity to optimize its gap configuration once the exact measurement configuration is known
· eNB does not have the information to optimize configuration based on its gap needs, although eNB is able to override UE and decide a suitable gap configuration based on per-UE gap configuration to make sure UE has sufficient gaps to measure.
· Signaling overhead related issue should be discussed and determined in RAN2 

· UEs with capable RF and baseband may be capable of performing parallel measurements and perform measurement activities with shorter delay. It would be beneficial for the eNB to be aware that a UE is capable of parallel measurements.
· RAN4 agrees this could be achieved by signaling Nfreq,effective =<Nfreq
· Nfreq,effective depends on
· The CA configuration, which will determine which RF chains are configured
· The per CC gap configuration which will determine which of these RF chains are free in gaps
· The interfrequency measurement configuration.
· 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
· Nfreq,effective that will be used by the UE is for certain measurement configuration(s) and CA combination(s) is requested by the eNB and provided by the UE.



Furthermore, we observed that RAN2 has sent RAN4 a LS with the following requests:
In RAN4#81, the following information has been captured for Per-CC based measurement gap configuration: 
	· RAN2 assumes 3 possible options, final solution should be confirmed from RAN4:
· Option A: RF chain capability approach (need confirm from RAN4 on feasibility)
· Option B: Traditional per CA capability signalling. 
· FFS the NW can infer the per cc combination
· Option C: UE feedbacks after the network has configured measurement object
· A solution will be only considered if Stage 3 CRs is provided for next meeting. Solution should be based on the same understanding of the above example
· Selected solution aim to address the UE capability size concern



It should be noted that RAN2 so far agreed to extend the MeasGapConfig to support configuration of a new short gap and to measurement configure gaps per CC. How to extend the UE capability signalling to support per CC gaps is still FFS. In this paper, we provide our views on UE capability reporting for per CC measurement gap. 
2 Discussion on Legacy Capability Reporting
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]2.1 Problem Identified for Bitmap Example in TR36.894 
To enable full flexibility, TR36.894 provided the solution with bitmap example with all the bands where it needs or does not need gaps for each CC in a CA combo, and as discussed in RAN4, at least three options are needed for a target measurement band for each serving CC: a) No gap needed b) Interrupt control gap needed c) Measurement gap needed. If making a simple comparison with existing measurement gap capability reporting in TS36.331, two new dimensions will be added: 
      (1) per CC for each CA combo; 
      (2) ENUMERATED {NOGAP, NCSG, GAP} instead of BOOLEAN type. 
Obviously, extensive increase of signaling overhead will be expected.
Another problem is to indicate the support of parallel measurements: by following the bitmap example in TR36.894, it is nearly impossible to signal Nfreq,effective for multiple measurement objects:
      - It is needed to go through every band combination of measurement objects per Band Combination, which make the signaling becomes a per MeasurementObjectCombination per BandCombination capability signaling.  

Observation 1: For the Bitmap example in TR36.894, the signaling complexity is observed for two reasons: (1) per-measurement object per-BC to indicate the need for gap and interruption control gap, (2) per MeasurementObjectCombination per BandCombination indicate Nfreq,effective.

2.2 Problem Identified for Example for Approach B (Gap capabilities are reported by the UE after configuration of CA and measurements)
For the example for Approach B [1], the intention is to solve the uplink capability reporting signaling overhead problem identified for the above Bitmap example in TR36.894. However, still the following problem found:
       (1) Two times of measurement gap configuration are needed: After eNB perform a BandCombination reconfiguration for a certain UE, eNB should first configure measurement gap according to existing signaling including per UE MGRP in Step-1. After UE’s capability reporting for newly configured BC, the eNB need to perform a second measurement gap configuration to configure per-CC measurement gaps in Step-4. 
       (2) Encourage wrong eNB behavior which may cause RLF to inter-frequency handover UEs: With the assumption that UE will report its per-CC capability “immediately” after eNB perform a BandCombination reconfiguration, eNB may save the 1st time measurement gap configuration, which is possible for a practical eNB to consider decreasing signaling overhead. However, because the time duration between BandCombination reconfiguration and UE per-CC capability reporting is unexpected to eNB, the above-mentioned one time measurement gap configuration may cause RLF to inter-freq. handover UEs. 

Observation 2: For the Example for Approach B, the problem has been observed that: (1) Two times of measurement gap configuration are needed; (2) Encourage wrong eNB behavior which may cause RLF to inter-frequency handover UEs. 

3 Discussion on RF Chain Grouping based Capability Signaling
We observed that some RF chain based solution is proposed in last RAN2 meeting, and the feasibility of this option (named as option A in RAN2 discussion [2]) should be discussed in RAN4. Here we would like to propose a detailed solution for RF chain based capability signaling, particularly, RF chain grouping will be used for this purpose. 

3.1 RF Chain Grouping based Measurement Capability Signaling
The following figure illustrates our understanding of the envisaged RF structure that concerns one or more RF groups, each comprising of one or more RF chains.
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Fig. 1: RF structure comprising of groups and chains, and corresponding information contained in signalling
As part of the UE capabilities, the UE indicates an RF chain structure with grouping information, characterized by:
· We assume an RF chain is mainly characterised by a list of supported frequency bands. 
· Each RF chain can perform one task at a time. I.e. if a certain chain is used for a serving cell, the chain can only perform inter-frequency measurements during measurement gaps (during which communication with the serving cell is interrupted). 
· RF chains in an RF group are related such that retuning of one RF chain causes NW controlled interruption in the operation of all other RF chains in the same RF group. Hence, when the UE starts to employ an unused RF chain for measurements, there will be a NW control small gap in all other chains of the same group. 
· RF chains in different RF group are related such that retuning of one RF chain will not cause any disturbance in the operation of chains in the other RF groups. Hence, when the UE starts to employ an unused RF chain for measurements, there will be no gap (normal gap or short gap) needed in the chains of different groups.

Further remarks on the above RF chain grouping based measurement capability indication:
· Signalling overhead can be well minimized (to solve the problem identified for Bitmap example in TR36.894). e.g., the above example in Fig. 1 can correspond to a set of Bitmap table under CA combination B1+B5. 
· Nfreq,effective can be indicated implicitly from the RF chain information: e.g., as illustrated in above figure, for B1 and B2, parallel measurement is not possible while the parallel measurement of B2 and B4 is possible. 
· Only one time measurement gap configuration from eNB is needed (to solve the problem identified for Approach B). 

Table. 1: Converting RF chain grouping signalling into bitmap table, for single carrier serving cell B1:
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B1
	GAP
	GAP
	NCSG
	NCSG
	NOGAP
	NOGAP



Table. 2: Converting RF chain grouping signalling into bitmap table, for CA B1+B5
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B1
	GAP
	GAP
	NCSG
	NCSG
	NOGAP
	NOGAP

	B5
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	GAP
	GAP



Table. 3: Converting RF chain grouping signalling into bitmap table, for CA B1+B3+B5
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B1
	GAP
	GAP
	NCSG
	NCSG
	NOGAP
	NOGAP

	B3
	NCSG
	NCSG
	GAP
	GAP
	NOGAP
	NOGAP

	B5
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	GAP
	GAP



Proposal 1: RAN4 is requested to consider the solution to indicate the UE measurement capability for per-CC gap requirement, with (a) RF chain capability characterized by supported bands and (b) RF chain grouping information.  

3.2 Additional Rule to Determine Serving Cell’s RF Chain
From above example, we can observe that both RF chain 1.1 and 1.2 can handle B3, we may indicate some uncertainty in some cases: e.g., for B3+B5 CA combination, we may have two possible table derived from the RF chain grouping based signaling:
 Table. 4: Converting RF chain grouping signalling into bitmap table, for CA B3+B5 (if chain 1.1 for B3)
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B3
	GAP
	GAP
	NCSG
	NCSG
	NOGAP
	NOGAP

	B5
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	GAP
	GAP



Table. 5: Converting RF chain grouping signalling into bitmap table, for CA B3+B5 (if chain 1.2 for B3)
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B3
	NCSG
	NCSG
	GAP
	GAP
	NOGAP
	NOGAP

	B5
	NOGAP
	NOGAP
	NOGAP
	NOGAP
	GAP
	GAP



To solve the above uncertainty, at least the following 3 methods can be considered:
a) Limit the chain capability reporting: one band can only be supported by one RF chain. 
b) Leave complete UE freedom regarding the RF chain allocation to configured tasks, implying the network has to assume the worst case allocation when determining the gaps required by the UE
c) Define some (limited) restrictions regarding the RF chain allocation to configured tasks that the UE has to observe and which the network can employ when determining the gaps required by the UE

Observation 3: Although some uncertainty may be caused by one band supported by several chains, at least three methods can be applied to solve this uncertainty.  

3.3 Applicability of RF Chain Grouping based Signaling
To simplify the discussion, we assume that for this REL-14 WI the RF chain grouping based signaling would merely be used to indicate the UE’s measurement abilities, although additional merits of this kind of solution could be further explored in later release.
Proposal 2: The RF chain grouping based signaling would merely be used to indicate the UE’s measurement abilities.  

3.4 UE Vendor’s Preference for UE Implementation Flexibility
As a UE vendor, we can totally understand the importance of UE implementation flexibility, i.e., to allow all kinds of RF structures for certain CA band combination support. For the proposed chain grouping based measurement capability reporting, we still see the possibility to maintain enough UE implementation flexibility:
a) Firstly, as indicated in proposal 2, the indication of RF chain information is only used for measurement capability, and no direct indication to CA band combination support. 
b) Secondly, RF chain information is still reported by UE, and UE has the right to “hide” the existence of certain RF chain, due to their preference for power saving or others. Taking the below example into account: although RF chain 3.1 exists, but it is still pending on UE’s decision to report its existence or not.
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	 Chain-1.1: B1, B2, B3

	
	 Chain-1.2: B3, B4

	Group-2
	 Chain-2.1: B5, B6


Fig. 2: Example of “hiding” certain RF chain for reporting
Observation 4: RF chain grouping based signaling can still ensure UE implementation flexibility.  

4 Conclusion
In this paper, we provide our views on UE capability reporting for per CC measurement gap. Firstly, the analysis for legacy methods has been provided with the following observations:
Observation 1: For the Bitmap example in TR36.894, the signaling complexity is observed for two reasons: (1) per-measurement object per-BC to indicate the need for gap and interruption control gap, (2) per MeasurementObjectCombination per BandCombination indicate Nfreq,effective.
Observation 2: For the Example for Approach B, the problem has been observed that: (1) Two times of measurement gap configuration are needed; (2) Encourage wrong eNB behavior which may cause RLF to inter-frequency handover UEs. 
By proposing the chain grouping based measurement capability reporting, we have the following proposals and observation:
Proposal 1: RAN4 is requested to consider the solution to indicate the UE measurement capability for per-CC gap requirement, with (a) RF chain capability characterized by supported bands and (b) RF chain grouping information.  
Observation 3: Although some uncertainty may be caused by one band supported by several chains, at least three methods can be applied to solve this uncertainty.  
Proposal 2: The RF chain grouping based signaling would merely be used to indicate the UE’s measurement abilities.  
Observation 4: RF chain grouping based signaling can still ensure UE implementation flexibility.  
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