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1. Introduction
Extending carrier aggregation for up to 32 CCs increases considerably the UE capability size that needs to be transmitted. In RAN2#90, it was discussed whether UE capability signaling needed to be enhanced due to 32 DL CCs. As a result, one LS was sent to RAN4 [1].
In this contribution, we first identify the main factors increasing the signaling overhead based on reviewing the current UE capability signaling structure. Several possible solutions regarding those main factors are then discussed in details to reduce this signaling size.  

2. Discussion
2.1 Background

Rel-13 standardization of enhanced CA assumes the support of up to 32 CCs. Support such large number of CCs imposes some new design requirements with respect to the legacy CA where the number of supported CCs was up to 5. In particular, UE capability signaling has to scale better with the increased number of CCs.
Currently, a UE needs to signal following information in a supported band combination IE:   

· 6-bits frequency band indicator per band. 

· 4-bits CA bandwidth classes for downlink. In addition, UE needs to individually signal supported 4-bits uplink CA bandwidth class for at least one band in the band combination. 
· Dependent UE capabilities, including 

· 2-bits MIMO capability per bandwidthClass. This parameter is separately indicated for DL and UL. 

· 2-bits CSI processes number per band.  

· Up to 8-bits NAICS capability per band combination. 
· Need of measurement gap per band combination.
· A UE is required to indicate whether measurement gaps are required to perform inter-frequency measurements on each supported E-UTRA radio frequency band per band combination. 
· Others: 5-bits DC support per band combination.   
Table 1 approximately estimates a single band combination IE size with following denoting:  

· BandCombinationParameters-r10 within a band combination: N in DL and K in UL (K<= N); 

· BandParametersUL-r10 = L, BandParametersDL-r10 = M
· supportedBandListEUTRA = S 

Table 1. Size of a single band combination IE with N bands in DL and K bands in UL.

	
	Parameters 
per bandwidth class
	Parameters 
per band
	Parameters 
per band combination

	
	BW classes
	MIMO capability
	Band indicator
	CSI processes
	NAICS capability
	Measurement gap
	DC support

	DL 
	4xNxM
	2xNxM
	6xN
	2xN
	8
	S
	5

	UL
	4xKxL
	K x L
	
	
	
	
	


It is generally difficult to make accurate calculation since the band combination options are too many, especially in case of 32 CCs. Table 2 below presents a simplified calculation to estimate a rather realistic band combination size by following the current band combination structure. It was assumed that N=L=M=2. ASN.1 encoding overhead was also considered when counting the size of UE capability.
Table 2: UE capability size estimation
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Figure.1: UE capability size changes for different combination of # bands and # band combinations 
The estimated UE capability size is tabulated in Table 1. Further, Figure 1 presents the total size and individual size of each evaluated IEs including RF-Parameters, MeasParameters, RF-Parameters-v1020 and MeasParameters-v1020. 
We can see that the total size of UE capability signaling would growing faster in proportion to the increased band combinations compared to the increased band numbers if following the current signaling structure. Hence, it is of interest to investigate possible ways to reduce the signaled band combination numbers when supporting a larger number of bands in Rel-13. On the other hand, the capability signaling flexibility impact still needs to be carefully accessed and should be minimized as much as possible.
Observation 1: Reducing the number of band combinations is seen as the most important direction in order to reduce UE capability signaling size in Rel-13.
2.2 Solutions to reduce the number of band combinations
The number of band combinations can be dramatically increased due to three main factors:  

· Current spec requires UE to include all supported non-CA band combinations and CA band combination explicitly. 

· As analysis earlier, many of the UE capability indications are linked to the supported band combination signaling, such as measurement gap requirements, multiple timing advance, simultaneousRx-Tx, and UL/DL MIMO signaling. 
· Multiple instances of SupportedBandCombination can be reported for a same band combination due to one of several reasons e.g. different measurement gap, different bandwidth combination Set, different NAICS capability or different uplink bands for a single UL CC capability [1]. 
In the following, we discuss some possible options to reduce the number of band combinations for CA beyond 5 CCs with keeping these observations in mind. 
2.2.1 Network-requested CA band combination signaling  

Currently, eNB can indicate to UE a set of frequency bands that is used by the network operator, and in response UE provides all its supported frequency band combinations applicable for these frequency bands with following some priority order. For 32 CCs, even if band combination can be limited to the indicated bands, the amount of band combinations may be still huge due to different bandwidth classes for a same band combination. 

A simple solution is to extend the signaling to add more information to further limit the signalled band-combination numbers e.g. 

· Need of reports IE related to a list of functions e.g. dual connectivity, NAICS, sidelink direct communication support, transmission modes or supported bandwidth combination set 

· A maximum bandwidth class or a list of candidate bandwidth classes or MIMO configuration.   
· The limitation on UL CA capability in terms of CC numbers (i.e. 1 UL CC or 2 UL CCs) or aggregated CA bandwidth. 
The UE may omit the UE capabilities for the above features if there is no such eNB request (e.g. in case serving eNB is legacy eNB) or send the minimum capability only. Further, to facilitate the network operation, UE might indicate by one regular capability bit that it supports the filtered capabilities UE.   
2.2.2. Decoupling DL and UL band parameters  
Currently, the UE has to provide both DL and UL band combination as one band combination. Following this rule, one particular UL band parameters (including CA and MIMO capability) might be repeatedly included in many supported band combination for a given UE due to the different DL band combination. This problem can be addressed to some extent by decoupling UL and DL band parameters indication in the UE capability IE. This is particular beneficial to reduce the band combinations numbers when the UE supports a very limited number of UL band parameters but a huge amount of DL CA band combinations.
In addition, the UE indicates the support of UL band combinations in much reduced information instead of including all UE capacities under the UL band combinations. For example, assuming the UE supports 5 DL band CA +1 UL band and the UE can support 1 UL in all 5 bands, the UE should indicate 5 different band combinations supporting different UL band according to the current signaling mechanism. It unnecessarily increases the number of combination given that 1 UL band related UE capabilities are identical as in the same UL band in non-CA band combination. 

As an example of the reduced information, a bitmap can be included for each UL bands combination. More specifically, if the UE supports 1 UL band for a band combination having N DL bands, the size of bitmap is N bits. If the UE support up to 2 UL bands, the UE indicates two sets of bitmap, one for 1 UL band combination and the other for 2 UL band combinations. 
2.2.3 Implicit rule based band combination signaling
Another possible option is to define a list of base reference capability and implicit rules so that UE can omit some band combination signaling in certain scenarios, where network shall assume “reference capability” for these omitted features.  
As one simple example, it can be considered to allow UE to skip indicating UL non-CA capability if the corresponding band is supported as non-CA band or has been indicated in lower DL band combination, considering the fact that UE can support single UL carrier as long as the corresponding frequency band is supported as standalone. Absence of UL parameters in the band combination of DL CA implies that the UE supports one signal UL CC in all bands associated with this corresponding DL CA.  
Using this rule, the total number of band combinations for 1 UL CC case can be considerately reduced to 54% and 26.7% for 5 bands and 10 bands combinations, as illustrated in Table 3. This is due to the fact that using this implicit rule UE only indicates the DL band CA capability for 3 and more DL bands since 1 UL CC has been indicated with non-CA band. 
Table 3: band combination numbers with existing and implicit rules for 1 UL CC case
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To provide more flexibility for this design, the reference capability of supported band combination can be explicitly signaled by the UE. Any parameters can be omitted if the capability is same as the reference capability. 
Further, to avoid backward compatible issues, two options can be considered, either the implicit rule is applied for more than 2 DL band CA, or the band combination applying the implicit rule can be included in a new IE rather than the existing band combination IE.  
2.2.4 Fallback mode

Another possible way discussed previously in RAN2 is to consider introducing fallback mode operation for CA band combinations. A similar concept already agreed in RAN2#90 for NAICS capability signaling, where UE indicating support for a number of CCs and PRBs shall support NAICS in any combination up to this number of CCs and PRBs, i.e., it also supports all subsets. 
Fallback operation can provide the benefits of reduced number of band combinations by exploiting potentially common capabilities (Bandwidth class, MIMO, NAICS, SupportedBandwidthCombinationSet etc.) across a set of band combinations. In this case, UE only needs to report a higher band combination (e.g. Band X_Y_Z) without explicitly indicating the subset of higher band combination (e.g. Band X_Y, X_Z and Y_Z). 

Such approach can effectively reduce the band combinations if UE implementation fulfils the above conditions, but that cannot be expected to be case always. For example, there is certain probability that UE has implemented different capabilities defined per band combination for a higher band combination CA and corresponding lower DL band CA [2]. It is also expected that different measurement gap capability may be required in lower DL band CA compared to higher DL band CA, which is likely further decrease the probability of using this approach. 
Considering these, it was noted as an observation in RAN2#85bis that making assumptions on sub-sets (2C) based on super-sets (3C) may not help to reduce the capability signalling since the capability of a sub-set is likely to be different from the capabilities of the super-set. 
Considering there are alternative solutions existing to limit the number of band combinations as discussed in this paper and unclear gain of this method, we think it should only be introduced in case clear benefit for all UEs and a real need is identified.  
Observation 2: Fallback mode operation could reduce band combination signaling overhead but it would reduce UE flexibility. Further evaluation is required for the potential gain based on actual implementation scenarios.  
3. Conclusion
In this contribution, we have discussed some possible solutions to limit the number of band combination for CA with up to 32 CCs. We would like to summarize the discussion in following observations and proposals: 
Observation 1: Reducing the number of band combinations is seen as the most important direction in order to reduce UE capability signaling size in Rel-13.
Observation 2: Fallback mode operation could reduce band combination signaling overhead but it would reduce UE flexibility. Further evaluation is required for the potential gain based on actual implementation scenarios.  
Proposal: RAN2 to discuss the following solutions to reduce UE capability size.
· Enhancement to network-requested CA band combination signaling by adding UE capabilities to be reported only upon network request
· Decoupling UL and DL band parameters
· Support of some implicit rule based band combination signaling
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