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1
Introduction
In the previous RAN2 meetings, it has been decided to reconsider the signalling for the CA capability signalling for the CA band combinations beyond 5 carriers. Notably, RAN2 sent an LS R2-152913 to RAN4 requesting further information on various aspects like the amount of BW classes, need for explicit signalling on fallback categories and so on.

In this contribution we consider how to signal the CA capabilities.

2
Current CA capability signalling
The current CA-MIMO capability signalling parameters in Rel-12 is shown in figure below. 
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As stated in the LS R2-152913, 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. 

The current CA capability signalling was originally designed in Rel-10 to be very flexible and allow extendibility. But it has become clear that the current capability signalling was becoming a bottleneck when we extend the number of CA carriers – e.g. with 32 supported bands, there are already 496 possible 2DL combinations. Even with assuming e.g. 6DL combinations as baseline, UE supporting 20 frequency bands could support 38760 6DL inter-band combinations based on those, which is clearly too large a number for current signalling. Hence, a future-proof solution that allows UE to indicate its capabilities without exploding the signalling size is needed.
3
Reducing the size of UE band combination capabilities
3.1
How to optimize the capability signalling size
There are several possibilities for optimize the UE band combination capability signalling size:

· Having a “common part” that applies to many band combinations

· Not signalling the fallback cases explicitly

· Reducing size of the signalled IEs
· Only signalling a single band combination once

· Reducing the number of allowed combinations of parameters
Obviously, some of these (e.g. the fallback question) still require RAN4 answers. Still, it can be easily observed that the capability signalling should be defined with following goals:
· Extendibility with minimal overhead

· Signalling minimum amount of bits per band combination

· Avoiding repetition of signalled information (i.e. UE should not to signal the same thing twice)

3.2
Referring directly to 36.101 
One possibility for reducing number of signalling bits per band combination would be to directly refer to the (extensive) tables of band combinations defined in 36.101. To take an example, the current 4-band CA operating band table looks like this:
	Table 5.5A-2b: Inter-band CA operating bands (four bands)

E-UTRA CA Band
E-UTRA Band
Uplink (UL) operating band
Downlink (DL) operating band
Duplex Mode
BS receive / UE transmit
BS transmit / UE receive 
FUL_low  –  FUL_high
FDL_low  –  FDL_high
2A-4A-5A-30A
2
1850 MHz
–
1910 MHz
1930 MHz
–
1990 MHz
FDD
4
1710 MHz
–
1755 MHz
2110 MHz
–
2155 MHz
5
824 MHz
–
849 MHz
869 MHz
–
894 MHz
30
2305 MHz
–
2315 MHz
2350 MHz
–
2360 MHz
2A-4A-12A-30A
2
1850 MHz
–
1910 MHz
1930 MHz
–
1990 MHz
FDD

4
1710 MHz
–
1755 MHz
2110 MHz
–
2155 MHz
12
699 MHz
–
716 MHz
729 MHz
–
746 MHz
30
2305 MHz
–
2315 MHz
2350 MHz
–
2360 MHz
2A-4A-29A-30A
2
1850 MHz
–
1910 MHz
1930 MHz
–
1990 MHz
FDD

4
1710 MHz
–
1755 MHz
2110 MHz
–
2155 MHz
29
N/A
717 MHz
–
728 MHz
30
2305 MHz
–
2315 MHz
2350 MHz
–
2360 MHz



As can be seen, the table has several rows but only contains 3 band combinations. Naturally this will be extended in the future, but it seems possible that an index could be attached to the band combination table that would allow referring to a particular entry. This would allow more compressed way of referring to band combinations, and reduce also the signalling size: Current, a band combination will contain reference to each band number, each of which may be of 6 bits for band numbers up to 64 or (6+8)=14 bits for band numbers between 64-256 (due to the extension mechanism that was defined). Hence, the size for just indicate the band combination for e.g. a 4-band case would be 24-56 bits in total. Considering that any of the bands could have an extended number, Table 1 below shows the theoretical size for just the band combination “identification number”.
	Bands in band combination
	Size of band combination indicators, with N extended FBIs [bits]

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	6
	14
	22
	30
	38
	46
	54
	62
	70
	78
	86

	2
	12
	20
	28
	36
	44
	52
	60
	68
	76
	84
	92

	3
	18
	26
	34
	42
	50
	58
	66
	74
	82
	90
	98

	4
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96
	104

	5
	30
	38
	46
	54
	62
	70
	78
	86
	94
	102
	110

	6
	36
	44
	52
	60
	68
	76
	84
	92
	100
	108
	116

	7
	42
	50
	58
	66
	74
	82
	90
	98
	106
	114
	122

	8
	48
	56
	64
	72
	80
	88
	96
	104
	112
	120
	128

	9
	54
	62
	70
	78
	86
	94
	102
	110
	118
	126
	134

	10
	60
	68
	76
	84
	92
	100
	108
	116
	124
	132
	140


In comparison, using an index would take a fixed amount of space: A N-bit index allows tables of size 2N, and even with the proliferation of 2CA band combinations, e.g. N=12 would allow for tables of size 4096 entries, with smaller signalling size than the current “band index” scheme has.
Observation 1: Adding an index to tables in 36.101 would save substantial amount of bits when referring to existing band combinations.
Proposal 1: RAN2 to consider using index to table(s) in 36.101 instead of current scheme.

3.2
Allowing UEs to indicate common capabilities 
In current networks, UEs often (but not always) have similar capabilities for multiple band combinations. E.g. a UE might have similar BB processing for all inter-band band combinations, and hence could support the same number of MIMO layers, CSI processes and NAICS capabilities for each case and so on. Naturally this will not always be the case due to different IOT possibilities, so such an option would have to take that into account, too. Given that now e.g. all carriers have to indicate at least the same amount of supported CSI processes, it would be more efficient if the minimum capabilities for each band combination were indicated only once, and only for carriers where the capabilities differ something more is indicated. In fact, the current way DL MIMO layers is treated for TM9 is an example of that: a Cat 6/7 UE is assumed to support at least 2 MIMO layers, but may indicate it supports more.
In general, since BB processing capabilities tend to determine at least some of the band combination-dependent features it seems possible that for each N-band band combination, UE could declare the common capabilities only once. Then any band combination supporting more than the minimum could indicate so.

Proposal 2: Consider utilizing common UE capabilities for multiple band combinations as a way to reduce UE capability signalling.
3.3
Utilising the “requested band combinations” by default 
In Rel-11, the feature for “requested band combination capabilities” was introduced to allow reduction in UE capability size. Given the increasing size of the capabilities, it could be possible that UEs only indicate very basic capabilities but the eNB interested in using the features then queries the exact capabilities from the UE. 

For example: UE indicates it supports band 1 & 3, as well as maximum 2CC CA in band 1+3 and 1.  From these, the eNB can then request UE to indicate the full capabilities for MIMO, CSI processes, NAICS, etc. via dedicated signalling. This would allow the UE capabilities to be smaller in size, but would of course have the negative downside of eNB having to query the capabilities more often.
Proposal 3: Consider using the “requested UE capabilities” as baseline for all band combination-specific UE capabilities.

4
Conclusions 

Observation 1: Adding an index to tables in 36.101 would save substantial amount of bits when referring to existing band combinations.

Proposal 1: RAN2 to consider using index to table(s) in 36.101 instead of current scheme.

Proposal 2: Consider utilizing common UE capabilities for multiple band combinations as a way to reduce UE capability signalling.

Proposal 3: Consider using the “requested UE capabilities” as baseline for all band combination-specific UE capabilities.
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