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1	Introduction
In RAN4#81 and #82, there was extensive discussion of different options for per-CC measurement gap signaling scheme, while two options with both pros and cons are analyzed [1]: 
	· 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, to reply RAN2’s LS for the feasibility of RF chain based signaling approach, RAN4 has reached the agreement that “details of the RF structure model and its usage to determine the need or otherwise for measurement gaps may need more study which is hardly to be completed in this work item. … RAN4 recommends that the RF structure model approach is not considered as a solution in the measurement gap enhancement work item.” [2]. 
However for the detailed solution, RAN4 has not reached the conclusion, which is also captured in the RAN4 LS [2]
	· There is no consensus in RAN4 on the preference on approaches A and B described in R4-1610690 (LS on Measurement gap enhancement) or some possible evolutions of those approaches which have been discussed.



We have noticed that RAN2 has reached the agreement on CR [3] to introduce per-CC measurement gap signaling, which is generally based on the above-mentioned Approach B, since RAN2 assume that there is not enough input from RAN4 provided and WI should be completed by last meeting. However, considering the fact that WI has been approved to be extended for a quarter, we prefer to continue the discussion on the options for per-CC measurement gap signaling scheme in RAN4. 
2 RAN2#97 Agreement and Approved CR
[bookmark: _GoBack]In the agreed RAN2 CR [3], for current CA band combination and measurement object list setup, the transfer of capability signaling for per-CC measurement gap is based on the process of RRC connection reconfiguration. 
As the summary, eNB requests for per CC measurement gap indication is added (perCC-GapIndicationRequest) in RRC connection reconfiguration message, while UE reports Nfreq,efficitive and measurement gap indication (perCC-ListGapIndication) are added in RRC connection complete message.
The detailed definition of newly added fields [3] in RRC connection complete message is 
	
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]RRCConnectionReconfigurationComplete-v14xy-IEs ::= SEQUENCE {
	perCC-ListGapIndication-r14			PerCC-ListGapIndication-r14		OPTIONAL,
	numFreqEffective-r14				INTEGER (1..12)					OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

	RRCConnectionReconfigurationComplete field descriptions

	numFreqEffective
This field is used to indicate the number of effective frequencies that a UE measures in series according to [TS 36.133]. Simultaneous measurement in parallel on multiple frequencies can be equivalent to a single effective frequency.  

	perCC-ListGapIndication
This field is used to indicate per CC measurement gap preference by the UE. 



Specifically, the above IE PerCC-ListGapIndication-r14 is used to specify the UE measurement gap preference, and defined as
PerCC-ListGapIndication-r14 ::= 	SEQUENCE (SIZE (1..maxServCell-r13)) OF PerCC-GapIndication-r14

PerCC-GapIndication-r14 ::=			SEQUENCE {
	servCellId-r14								ServCellIndex-r13,		
	gapIndication-r14							ENUMERATED {gap, nogap-noNcsg, ncsg, spare}
	...
}

	PerCC-GapIndication field descriptions

	servCellId
This field is used to refer to the cooresponding serving cell ID that the UE indicate the gapIndication. The UE shall indicate all servCellId along with gapIndication for all the serving cells in the configured CA. 

	gapIndication
This field is used to indicate the gap preference by the UE. Value gapIndication of gap cooresponding to gap is needed for that servCellId, value gapIndication of nogap-noNcsg cooresponding to no gap and no ncsg is needed for that servCellId, value gapIndication of ncsg cooresponding to ncsg is needed for that servCellId.


Note: Within one RRC connection, the UE should maintain the consistent per CC measurement gap preference for the same configuration



3 Benefits from Hybrid Scheme
During offline discussion in RAN4#82, hybrid scheme is considered to combine the above-mentioned Approach-A and B together, thus achieving the benefits from both sides [4]. Then we would like to provide our views on this proposal. 
Based on [4] and offline discussion, the characteristic of the hybrid scheme can be summarized as
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]Pre-Config Capability Transfer: Prior to CA band combination configuration and measurements object list setup, UE is provided with lists of candidate CA configuration(s) and candidate measurement object list(s), and UE has the possibility to optimize its preferred per-CC gap configuration and report the corresponding per-CC and parallel measurement capability information by utilizing the traditional UE capability information transfer procedure. (This could be, for example, when the UE first attaches to the network.) 
· Dynamic Signaling: After CA band combination configuration and measurements object list setup, the dynamic capability signaling (e.g., by utilizing the RRC connection reconfiguration procedure) can provide further updated information.

Firstly, for the capability information transfer prior to configuration of carrier aggregation and measurements, we observe the benefits, due to the following benefits, which are summarized as below:
	
	Problem to Solve
(identified for the Bitmap example in TR36.894)
	Benefits

	Pre-Config Capability Transfer:
Prior to configuration of carrier aggregation and measurements, UE is provided with lists of candidate CA configuration(s) and candidate measurement object list(s), and UE reports the corresponding per-CC and parallel measurement capability information. 
	Signaling overhead
	UE only has to feedback its per-CC measurement gap capability information for limited configurations. The signaling overhead problem can be well mitigated.

	
	Can’t indicate parallel measurement capability
	Parallel measurement indication (either true/false indication or Nfreq,effective indication) can be claimed for the list of CA configuration and measurement objects. (This benefit of parallel measurement is well recognized by the group [1], which should be respected for the procedure design.)



Observation 1: Prior to configuration of carrier aggregation and measurements, after UE is provided with lists of both candidate CA configuration(s) and candidate measurement object list(s), UE has the possibility to optimize its preferred per-CC gap configuration and report the corresponding per-CC and parallel measurement capability information by utilizing the traditional UE capability information transfer procedure, and the signaling overhead problem can be well mitigated. 

On the other hand, after CA band combination and measurement object list setup, the dynamic capability signaling (e.g., by utilizing the RRC connection reconfiguration procedure) can provide further updated information as below:
	
	Scenario
	Benefits of Dynamic Signaling

	Dynamic Signaling:
After CA band combination and measurement object list setup, the dynamic capability signaling provides further updated information. 
	One candidate CA and candidate measurement object list is configured by eNB
	No further update is needed and the pre-config capability transfer can be utilized directly. 

	
	eNB configure CA and measurement object list different from the candidate ones advertised before
	Dynamic signaling can provide further update information for per CC measurement gap preference and parallel measurement capability. 
e.g., if a bigger/smaller CA BC lists and/or bigger/smaller list of measurement object is configured, UE can report the exact per CC measurement gap preference and parallel measurement capability for this configuration.



[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Observation 2: If one candidate CA and candidate measurement object list is configured by eNB, no further information update is needed. 
Observation 3: If eNB configure CA and measurement object list different from the candidate ones advertised before, the dynamic capability signaling can provide further updated information. 

Based on the above observations, we have the seen the benefits from the hybrid scheme, with both pre-config capability transfer and dynamic signaling. 
Proposal 1: The hybrid scheme with both pre-config capability transfer and dynamic signaling is adopted.
4 Conclusion
In this paper, we continue the discussion on the options for per-CC measurement gap signaling scheme with the following observations obtained for hybrid scheme:
Observation 1: Prior to configuration of carrier aggregation and measurements, after UE is provided with lists of both candidate CA configuration(s) and candidate measurement object list(s), UE has the possibility to optimize its preferred per-CC gap configuration and report the corresponding per-CC and parallel measurement capability information by utilizing the traditional UE capability information transfer procedure, and the signaling overhead problem can be well mitigated. 
Observation 2: If one candidate CA and candidate measurement object list is configured by eNB, no further information update is needed. 
Observation 3: If eNB configure CA and measurement object list different from the candidate ones advertised before, the dynamic capability signaling can provide further updated information. 
Based on the above observations, we have the seen the benefits from the hybrid scheme, with both pre-config capability transfer and dynamic signaling. 
Proposal 1: The hybrid scheme with both pre-config capability transfer and dynamic signaling is adopted.
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