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1 Introduction
The UE capability for CA up to 32CC was discussed at RAN2#89bis. And the RAN2’s assumption was that an enhanced capability signalling solution will be considered in the scope of this WI.
This paper further discusses UE capability signalling aspects to support more than 5 carriers.
2 Discussion

The current CA-MIMO capability signalling in Rel-12 can be summarized in the table below. 

	Band combination
	

	
	Simultaneous aggregated bands

	
	BandParameters

	
	Parameters per band
	BandParametersDL
	BandParametersUL

	supportedBandwidthCombinationSet-r10
	FreqBandIndicator
	ca-BandwidthClassDL-r10
	ca-BandwidthClassUL-r10

	multipleTimingAdvance-r11
	supportedCSI-Proc-r11
	supportedMIMO-CapabilityDL-r10 per bandwidthClass
	supportedMIMO-CapabilityUL-r10 per bandwidthClass

	simultaneousRx-Tx-r11
	
	
	

	dc-Support-r12
	
	
	

	supportedNAICS-2CRS-AP-r12
	
	
	

	commSupportedBandsPerBC-r12
	
	
	


And the main reasons behind the large capability size are: 
· Increasing of the number of supported frequency bands and band combinations among these bands. 

· Multiple band entries are signaled for intra band non-contiguous and inter band CA combinations. 

· supportedCSI-Proc is indicated per band and basically per block of contiguously aggregated carriers.

· ca-BandwidthClass is split into DL and UL, and each supported bandwidthClass is signaled explicitly. 
· supportedMIMO-Capability is split into DL and UL. And it is indicated per bandwidthClass. 

· One bandCombination can be signaled more than once. If RAN2 further agree that the UE shall signal each supported bandwidthClass separately, the number of bandCombination entries could increase again. The bandCombination can be already repeated due to e.g. different bandwidthCombinationSet, different NAICS capability, and not all UL/DL bandwidth class combinations being supported.  

From the above we can foresee that it will dramatically increase the total size of UE capability, if following the existing capability signalling structure to indicate carrier aggregation of up to 32 carriers. Even if we assume there can be maximum 8 frequency bands to be aggregated and only contiguous carriers in unlicensed bands, there is a high risk that the UE capability will end up in a huge size and not be able to be handled by the current network.

One consideration to solve the capability size issue is to define a new signalling approach for UEs that support more than e.g. 5CC on DL and 2CC on UL. This means the UE uses the current capability signalling structure to indicate the capabilities for up to 5DL+2UL CA and the new signalling approach can be used to convey the capabilities beyond 5DL+2UL CA. The network need to support the new capability signalling if more than 5DL+2UL CA would be used. 
If the current capability signalling structure is still followed, how to limit the capability size has to be considered. Possible solutions could be to use the implicit rules together with the fallback requirement similar to the ongoing discussion in RAN2, or consider to signal a common/group capability with possible exceptions specified or signalled explicitly, etc.   

We would like RAN2 to first discuss which direction should be taken. We propose:

Proposal 1 RAN2 to consider a new capability signalling approach for UEs supporting more than 5 carriers. 
If a new signalling approach is to be considered, modifications regarding how to convey the capabilities of supported bandwidthClass and bandwidthCombinationSet, MIMO, and CSI process etc should be studied.  
In the existing signalling the UE indicates explicitly all the supported bandwidth classes per band per band combination, and bandwidth combination sets of each band combination. The bandwidth combination set tables defined in 36.101 (Table 5.6A.1-1, Table 5.6A.1-2, Table 5.6A.1-2a and Table 5.6A.1-3) also indicate the actual bandwidth class for DL/UL CA in each band combination. It would be good to understand if each supported bandwidth class really needs to be signalled explicitly.  

The UE can also indicate different dependent capabilities such as MIMO capability, number of CSI processes, NAICS capability etc. either per bandwidthClass/band/bandCombination or per bandCombination. It should be considered to what degree of flexibility these dependent capabilities need to be provided in case of 32 aggregated CCs. Further we think any band-independent baseband processing capabilities could be separated from the band combination signalling in order to simplify the capability combinations to be signalled.
For example, our understanding on CSI process is that it is only baseband processing capability. Even though this baseband processing needs to be shared with other functionalities like MIMO, it should be able to only signal the CSI process capability per UE.    
The MIMO capability is depending on the frequency band and the number of CCs to be aggregated on one band. It can be considered whether the MIMO capability could be separated from the band combination, but only depending on the frequency band. 

For the requirement of measurement gap, currently the UE shall not require gaps to measure on the configured serving cells/carriers. This should be still valid in case of 32 serving cells/carriers. 
For the above mentioned aspects inputs from RAN4 would be needed in order to study the new capability signalling approach. Therefore we propose

Proposal 2 RAN2 to send LS asking for inputs and confirmations on the discussed aspects from RAN4. 
In particular, questions to and confirmations from RAN4 can be:
· It would be good to understand from RAN4 point of view if each supported bandwidth class needs to be signalled explicitly?  
· The baseband processing capability should be separated from the band combination signalling and only signalled per UE.
· The UE shall not require gaps to measure on any configured serving cells/carriers even in case of 32 carriers.
3 Conclusions

In this paper, we have analysed UE capability aspects. Based on the above discussion, we propose the following:
Proposal 1
RAN2 to consider a new capability signalling approach for UEs supporting more than 5 carriers.
Proposal 2
RAN2 to send LS asking for inputs and confirmations on the discussed aspects from RAN4. 
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