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1 Introduction

In last meeting RAN4 received an LS from RAN2 checking TM10/FD-MIMO related UE capability in [1]. In the meanwhile, the UE feature list for Rel-14 is also ongoing. As the UE capability related discussions are very critical for both network and UE side in this contribution we bring our considerations on how to improve the signalling structure for MIMO related UE capability.
2 Background
First of all the existing UE capability signalling structure is a rather complicated network which contains different aspects including different type of signalling related to baseband or RF or both features. In order to better understand the background so to identify the issue we would like to bring a general overview as following.
A good summary of the Rel-12 CA signalling structure is copied from [2].

The current CA-MIMO capability signalling parameters in Rel-12 is shown in figure below. 
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Main reasons behind the large capability size are: 

· Increasing of the number of supported frequency bands and band combinations among these bands. 

· Explicit signalling of fallback configurations as each band combination implies other capabilities that may not be the same between superset and subset CA combinations. 

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

· 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. 

· interFreqNeedForGaps and interRAT-NeedForGaps are signaled per UE’s supported band for each band combination. 

· supportedCSI-Proc indicated per band entry for each band combination and further per CC in case of contiguously aggregated carriers as agreed recently.

· Bandwidth combination set is signaled per band combination and takes up to 32 bits (values) most of which are not used by RAN4

· One CA band combination can be signaled more than once. 

On top of that, the fallback is defined as release of a secondary cell (carrier) for a CA configuration. Under the existing concept of CA when multi-carriers can be supported by UE it’s mandated that for any CA configurations that subsets of the supported CA configurations with maximum supported CA should be supported from UE as well, so called the fallback capability of CA. In particular, the UE must support the CA configuration that results from release of a Secondary Cell. But for the UE capability reporting is done separately and explictly for each fallback CA configuration, although each one of them is taken as mandatory.

When Rel-13 started the situation only becomes worse. First thing is the number of CA configuration is increasing with many times of the number from previous release. And more features are also coming in such as FD-MIMO, CRS-IM, etc. But the problem seen right now is it doesn’t matter if a feature is considered to be a baseband or RF related feature, as long as it’s considered to be linked with the supported MIMO layer it will become a per band combination type of reporting even if it’s a pure baseband feature. And there is inconsistency of the link between such baseband capability and the MIMO layer, e.g. some capability such as hybridCSI-r14, semiOL-r14 are not linked with MIMO layer and some capability such as number of CSI-process, csi-ReportingNP-r14, csi-ReportingAdvanced-r14 are linked with MIMO layer.
So the issue is more focusing on the MIMO layer support. The supported MIMO layer is defined as following in [3] which is seen as a band specific parameter. 
4.3.4.7
supportedMIMO-CapabilityDL-r10
This field defines the maximum number of spatial multiplexing layers in the downlink direction for a certain band and bandwidth class in a supportedBandCombination supported by the UE. For bandwidth classes that include multiple component carriers (i.e. bandwidth classes B, C, D and so on), the field defines the maximum number of spatial multiplexing layers supported by the UE on all component carriers in the corresponding bandwidth class.

The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category (without suffix) in the UE-EUTRA-Capability IE is only applicable to transmission mode 9 and transmission mode 10.

So the question to be asked is if it’s possible to split such MIMO layer support capability into the RF band part and the baseband part separately?
3 Proposal on how to reduce signalling

We consider such question positive. In case we can consider a separated MIMO layer capability on RF band and baseband support separately the RF band part is only needed to be reported per band instead of per band combination. Then we can consider a joint reporting mechanism to report the baseband capability as per UE. Table 1 shows one example of the lookup table way to report CA related baseband capability reported as per UE.
Table 1 One example of lookup table of per UE baseband capability reporting

	Element indexes
	Features to be concurrently supported by UE
	2CCs
	3CCs
	1 CC

	1
	256QAM
	0, 0
	1, 1, 1
	1

	2
	CRS-IC for FeICIC
	1, 0
	1, 0, 0
	1

	3
	CRS-IC for other scenarios
	1, 0
	1, 0, 0
	1

	4
	TM10
	1, 0
	0
	1

	5
	Maximum supported MIMO layers
	2, 2
	4, 4, 2
	4

	6
	NAICS
	1, 1
	0
	0

	7
	Number of supported CSI process
	8, 8
	8
	8

	8
	SU-MIMO receiver (R-ML, CWIC)

Optional to indicate
	x
	x
	1

	9
	MMSE-IRC receiver

Optional to indicate
	x
	x
	1

	10
	4Rx

Optional to indicate
	0, 0
	x
	x

	11
	MUST
	x
	x
	1

	11
	Maximum number of supported aggregated CCs
	2
	3
	1

	12
	Maximum number of aggregated bandwidth in PRBs
	100
	200
	100


Proposal 1: Split the existing supported MIMO layer capability into RF band and baseband separately.

Proposal 2: Report the supported MIMO layer RF capability per band as a maximum support layer per band.

Proposal 3: Report the baseband features in a combined way with all related supported baseband features including CA and MIMO layer baseband capability etc. as per UE. Table 1 is one example.
4 Conclusions

In this contribution we provide our views on the UE capability with proposals as the following.

Proposal 1: Split the existing supported MIMO layer capability into RF band and baseband separately.

Proposal 2: Report the supported MIMO layer RF capability per band as a maximum support layer per band.

Proposal 3: Report the baseband features in a combined way with all related supported baseband features including CA and MIMO layer baseband capability etc. as per UE. Table 1 is one example.
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