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1 Introduction

In the last RAN2 meeting, RAN2 reached the following conclusion:
=>
We will consider enhanced capability signalling solutions in the scope of this WI.
In this paper, we will focus on the topic and try to present the possible UE CA capability signalling solutions for massive CA.

2 Discussion

2.1 Capability signalling extension to support 32CCs

Current UE CA capability signalling structure is designed based on band combination as shown in the following figure1:
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Figure 1: An example of CA capability signalling structure
Per band combination, the UE reports BandwidthClass of each band in the band combination and corresponding MIMO/CSI capability. The band width classes include 6 type of BandwidthClass for which the maximum bandwidth could be up to 500RBs and number of carrier could be up to 5 as defined in [2]. For 32CCs, we assume that the increased carriers mostly come from unlicensed band and the carriers in unlicensed band usually are contiguous. It means that the higher BandwidthClass is needed due to introduction of unlicensed band. 
Observation1: The higher BandwidthClass is needed due to introduction of unlicensed band.

In current version, the UE in total could report 384 (including 128 legacy band combinations and 256 additional band combinations) band combinations. For 32 CCs, this may not be enough, considering that the UE may need to repeat the same band combination if different MIMO, CSI, or BandwidthClass combination are supported for the same band. In addition, one band combination which is supported does not mean that its subsets on both DL and UL are supported. Each subsets band combination needs to be explicitly signalled. Though extension of the range for band combinations could solve the issue, the signalling overhead is very huge with the introduction of 32 CCs CA if we keep the same principle for legacy.
Observation2: Support of 384 band combinations for 32 CA is not enough, and though extension of the range for band combinations could solve the issue, the signalling overhead is very huge with the introduction of 32 CCs CA if we keep the same principle for legacy.
2.2 Possible Capability signalling enhancements
· Support of fallback Capability
In current design of capability, one band combination is supported does not mean that its subsets on both DL and UL are supported. Each band combination needs to be explicitly signalled. 
In [1], it was agreed that “the The UE shall indicate support of CA band combinations, such that release of any SCell from a configuration of serving cells results in a new configuration of serving cell(s) supported by the UE, except for release of an SCell from a contiguous CA band configuration that results in a non-contiguous CA band configuration.” 
This means that the UE is supposed to support and report the fallback subsets capability for a supported band combination. To further reduce the signalling cost in 32CCs, for a band combination, the fallback subset band combination capability could be supposed to be supported by default and no capability indication for the fallback combinations sets if the UE could offer the same level of MIMO/CSI processes capability. If the UE could support different MIMO/CSI processes capability for some subset, it could indicate the capability in a separate band combination entity.
For example, if band combination set Band A (N carriers) + Band B (M carrier) are supported, its subset, i.e. Band A(X carrier, X < N)) +Band B(Y carrier, Y<M) with same MIMO/CSI process capability should be supported without capability indication in order to minimize the number of band combinations. 
Proposal 1: It is suggested to discuss the possibility to reduce the signalling report of 32CA by optimization of the support of fallback capability.
· Network Request CA band combination signalling 
Network-requested CA Band Combination Capability Signalling was introduced in Rel-11 to limit the number of band combinations in UE capability signalling. Thus ,the network could request the UE to report the capability on the concerned bands. For 32 CC, even if we limit the report bands, there may still be a quite few number of capablities for different aggregation levels for a certarin band combiantion , therefore,  if the network could request the UE to report the capablity below some aggreation level, i.e only some kind of bandwidth class(for example total carrire number < request number), the size of the capablity report could be reduced signaficantly.
Proposal 2: RAN2 is suggested to discuss the enhancement on the network request CA band combination singling to restrict the reported aggregation level (bandwidth class).
· Multiple MIMO/CSI capability combination  
In last several RAN2 meetings, it has been discussed to support per carrier MIMO/CSI capabilities report for contiguous carrier aggregation. If such enhancement is captured and extended for 32 CCs, the range of per carrier MIMO capability combination will be huge for a BandwidthClass with large number of aggregated CCs. Furthermore; the CSI capability is also supposed to be supported per carrier basis, the combination of MIMO and CSI capability will further burden the capability size for 32 CCs. In the following table1, the required number of CSI/MIMO combinations was summarized for aggregation level below 5CCs, it can be seen that with the aggregated CC increased, the required number of CSI/MIMO combinations increased significantly. 
Table 1: Number of possible combinations for MIMO/CSI combination
	Number of CC
	MIMO capability combinations 
	CSI capability combinations 
	
	MIMO+CSI capability combinations

	1
	3
	3
	
	9

	2
	6
	6
	
	45

	3
	10
	10
	
	165

	4
	15
	15
	
	369

	5
	21
	21
	
	1287


Therefore, we need to seek the trade off between the signalling flexibility and cost for capability report. One option is to define a typical sub set of MIMO/CSI capability combinations to be reported instead of allow the UE to report full MIMO/CSI capability combinations so that the capability for 32 CCs will not be so huge and the market is not so many fragments.

Proposal 3: It is suggested to consider the granularity to define MIMO/CSI capability combinations. 
The UE needs to repeat the same band combination if different MIMO or CSI capabilities per carrier are supported for a supported band combination. If we allow the UE to indicate multiple MIMO/CSI capabilities for one BandwidthClass entry or Band combination entry, repetition of band combination could be avoided for different MIMO/CSI capabilities.

Proposal 4: It is suggested to discuss the possibility of allowing UE to indicate multiple MIMO+CSI combination capabilities in one BandwidthClass entry or Band combination entry.
3 Conclusion

In this paper, we try to analysis the possible capability report due to the introduction of Carrier Aggregation of up to 32 CCs, and made the following observations and proposals:
Observation1: The higher BandwidthClass is needed due to introduction of unlicensed band.
Observation2: Support of 384 band combinations for 32 CA is not enough, and though extension of the range for band combinations could solve the issue, the signalling overhead is very huge with the introduction of 32 CCs CA if we keep the same principle for legacy.
Proposal 1: It is suggested to discuss the possibility to reduce the signalling report of 32CA by optimization of fallback capability.

Proposal 2: RAN2 is suggested to discuss the enhancement on the network request CA band combination singling to restrict the reported aggregation level (bandwidth class).
Proposal 3: It is suggested to consider the granularity to define MIMO/CSI capability combinations. 
Proposal 4: It is suggested to discuss the possibility of allowing UE to indicate multiple MIMO+CSI combination capabilities in one BandwidthClass entry or Band combination entry.
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