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1 Introduction
This paper discusses a modified capability signalling for UEs indicating the support for more than 5 carriers. In particular it intends to discuss the enhanced signalling for the CA/MIMO capability, the measurement gap capability, the CSI process and in general the baseband processing capability.
2 Discussion

At RAN2#91 it has been agreed that the UE shall provide the band combination capability signalling for more than 5 carriers only upon request of the eNB. This means that an explicit indication on whether the UE should report the capabilities beyond 5 carriers can be introduced in the UE capability enquiry. Due to the backwards compatibility reason, the existing CA capability signalling structure should still be applied. But it can be limited to e.g. up to 4DL+2UL CA band combination, if considering the CA configurations that are specified by RAN4 at current stage. The existing fields: supportedBandCombination and supportedBandCombinationAdd should be used to signal the band combinations up to 4DL+2UL using the existing signalling. 
A new field e.g. supportedBandCombination-r13 can introduced in the UE-EUTRA-Capability to signal the band combination capabilities for more than 5 carriers. And an enhanced capability signalling can be used when reporting the supportedBandCombination-r13 in order to reduce the UE capability size. 
Proposal 1 The UE signals the band combinations for more than 5 carriers in a new field in the UE capability using an enhanced signalling approach. 
The discussions below will focus on the enhanced capability signalling for specific capabilities. 
2.1 RF/Baseband capability

The current capability signalling allows full flexibility for UEs to signal the supported band combinations and the corresponding CA/MIMO/CSI/NAICS capabilities relevant to each band combination. If the UE supports different CA/MIMO/CSI/NAICS capabilities for one band combination, the same band combination can be signalled multiple times. This would generate large signalling overhead and the increased number of band combinations is seen as the main reason behind the huge capability size. Hence the UE capabilities should be separated from the band combinations as much as possible and instead can be redefined as RF and baseband dependent capabilities. Looking at the fundamental UE implementation structure, the RF configuration and the baseband design are the two main components of the UE that determine most of the UE capabilities.  

Proposal 2 The UE capabilities should be separated from the band combinations as much as possible and instead can be redefined as RF and baseband dependent capabilities. 
The MIMO capability depends on the UE RF property, e.g. which frequency band the MIMO is to be applied and how the RF configuration in the UE looks like, but also it is dependent on the number of carriers/aggregated bandwidth from the baseband processing point of view. There is not much flexibility with the UE RF configuration when the UE indicates the support of different band combinations. It means the MIMO capability can be separated from the band combination and instead signalled per frequency band but based on the number of aggregated carriers to be configured on the band. 
Then the MIMO capability per frequency band would indicate the supported number of layers for each bandwidthClass on one supported frequency band.  For bandwidthClass implying more than one carrier it means the total MIMO capability for the contiguous carriers on the band. For inter band CA and intra band non-contiguous CA, the MIMO capability is the same as signalled per band. For DL and UL the MIMO capability is still separately signalled since the baseband capability is rather independent for DL and UL. 
Below table shows an example how the MIMO capability can be signalled by UE. 
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Proposal 3 The MIMO capability is separated from the band combination and instead signalled per frequency band based on the number of contiguous carries on the band for DL and UL. 
The CSI process capability is mainly UE baseband capability. Hence it should be possible to signal the CSI process capability only on a per UE basis. The UE can signal the supported number of CSI process depending on the number of MIMO layers to be configured for each carrier since the CSI process and the MIMO and also the CA will need to share the total UE baseband processing capacity. The below table illustrates how the CSI capability may look like.

	MIMO layers configured for one carrier
	Supported CSI process on the carrier

	1 layer
	Nr of CSI process supported

	2 layers
	Nr of CSI process supported

	4 layers
	Nr of CSI process supported

	8 layers
	Nr of CSI process supported


Proposal 4 The CSI process capability is signalled per UE dependent on the number of MIMO layers to be configured for one carrier instead of per band combination. 
Up to Rel-12, the baseband dependent capabilities include the CA capability, the MIMO capability, the CSI process capability and the NAICS capability etc. As an alternative to signal the CSI process capability per UE, another option is to group the baseband related capabilities and signal a total baseband capability per UE. Below formula intends to illustrate how the UE baseband capability can be defined. 
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The UE signals the total baseband processing capability and the processing capability required for each MIMO layer/CSI process/aggregated carrier/PRB for NAICS etc. The network decides the corresponding CSI process and NAICS configurations by taking into account the indicated total baseband processing capability and the configurations for MIMO and CA derived from the MIMO capability and the supported CA band combination that are signalled separately.
If there is a dependency between different functions from baseband processing point of view, a set of extra factor ([image: image3.png]a,B,7,8



) for each function can be also signalled by the UE indicating a value range of (0,1] (e.g. 0.05, 0.10, 0.15, …, 0.95, 1.00).

The above definition of UE total baseband processing capability can be extended to include any new baseband capabilities that might be introduced later. 

Proposal 5 The UE signals a total baseband capability and the processing capability required for each MIMO layer/CSI process/aggregated carrier/PRB for NAICS instead of separate CSI/NAICS capabilities per band combination.
2.2 Measurement gap and inter RAT capability

Currently in carrier aggregation the UE indicates whether it requires gap to perform the inter-frequency/inter-RAT measurements for each supported EUTRAN band and supported interRAT band per band combination. One way to reduce the gap capability signalling is to let the UE indicate the need for gap only for the supported frequency bands that are requested by the network.
For inter-frequency measurements, the UE indicates the interFreqNeedForGaps only for the supported frequency bands that are included in a list of requested EUTRAN bands for measurement, which is likely signalled in the UE capability enquiry as part of the network requested band combination signalling.
For interRATNeedForGaps and even the inter-RAT capabilities, the network may also include a list of requested bands of other RATs (UTRAN/GERAN/CDMA2000) in the UE Capability Enquiry. Upon reception of this list, the UE reports the supported bands for other RATs and the corresponding capabilities including the measurement gap capability that are restricted within the list of requested interRAT bands. The network may only include the bands for one specific RAT in this list. In this case the UE can exclude the entire inter-RAT capabilities for other RATs that have not been requested. 
The above enhancements would largely reduce the measurement gap capability size. And it also provides the possibility to reduce the total UE capability by restricting the inter-RAT capabilities to be signalled.

Proposal 6 The UE indicates the interFreqNeedForGaps per band combination for each supported frequency bands that are included in the list of requested EUTRAN bands for measurement if provided in the UE capability enquiry.
Proposal 7 A list of requested bands for other RATs (UTRAN/GERAN/CDMA2000) could be included in the UE Capability Enquiry and in this case the UE reports the supported inter-RAT bands and the corresponding capabilities including the measurement gap capability which are limited within the requested inter-RAT bands.
Proposal 8 If the list of requested Inter-RAT bands does not include any band for a specific RAT, the UE excludes the entire inter-RAT capabilities for that RAT.
2.3 CA band combination capability

It is expected that RAN4 has to revise the way how CA configurations are specified in 36.101for 32CC. New CA configuration tables may be introduced for e.g. more than 4DL+2UL band combinations. This would allow to redefine the way how the CA capability is signalled. The new tables should be designed to facilitate a simplified signalling of CA capabilities, e.g. by referring to the CA configuration in the new tables to indicate the supported band combination instead of having to signal the FBI and BW class. Also the new tables should make it possible to support implicit signalling to possibly utilize the agreed fallback requirement and mandatory Pcell support for inter band CA.    

For bandwidthCombinationSet, it would be good to only refer to the bandwidthCombinationSet specified for intra band contiguous and thus avoid signalling the bandwidthCombinationSet for intra band non-contiguous and inter band CA. Whether this is possible or not can be discussed with RAN4.  
Proposal 9 Simplified signalling for indicating the supported band combinations and the bandwidthCombinationSet should be supported.
It can be noted that the supported CA band combination still needs to be signaled even with the simplified signalling. Other capabilities like multiple TA and simultaneous Rx/Tx can be still signaled for each supported band combination.
3 Conclusions

In this paper, we have discussed several enhancements that can be possibly used to optimise different capabilities signalling and reduce the signalling overhead. The enhancements are rather independent from each other and therefore can be applied separately or in combination. In summary we propose the following:
Proposal 1
The UE signals the band combinations for more than 5 carriers in a new field in the UE capability using an enhanced signalling approach.
Proposal 2
The UE capabilities should be separated from the band combinations as much as possible and instead can be redefined as RF and baseband dependent capabilities.
Proposal 3
The MIMO capability is separated from the band combination and instead signalled per frequency band based on the number of contiguous carries on the band for DL and UL.
Proposal 4
The CSI process capability is signalled per UE dependent on the number of MIMO layers to be configured for one carrier instead of per band combination.
Proposal 5
The UE signals a total baseband capability and the processing capability required for each MIMO layer/CSI process/aggregated carrier/PRB for NAICS instead of separate CSI/NAICS capabilities per band combination.
Proposal 6
The UE indicates the interFreqNeedForGaps per band combination for each supported frequency bands that are included in the list of requested EUTRAN bands for measurement if provided in the UE capability enquiry.
Proposal 7
A list of requested bands for other RATs (UTRAN/GERAN/CDMA2000) could be included in the UE Capability Enquiry and in this case the UE reports the supported inter-RAT bands and the corresponding capabilities including the measurement gap capability which are limited within the requested inter-RAT bands.
Proposal 8
If the list of requested Inter-RAT bands does not include any band for a specific RAT, the UE excludes the entire inter-RAT capabilities for that RAT.
Proposal 9
Simplified signalling for indicating the supported band combinations and the bandwidthCombinationSet should be supported.
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