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1 Introduction
Recently large progress has been made w.r.t. how to indicate bandwidth limitations for certain CA band combinations as part of UE capability signalling.
Although basic mechanisms/signalling are in place, we think 2 detailed aspects would benefit from some further discussion. This concerns the BCS Numbering as well as the applicability of UL bandwidth limitations.

2 Current situation
RAN4 is responsible for defining the BCS values that can be used for a certain BandwidthClass Combination, and RAN2 is responsible for specifying the signalling to allow the UE to indicate which BCS values it supports as part of the UE capability.

An example of a BCS value definition by RAN4 is shown in the table below, copied from 36.101, for the combination of BandwidthClass A in band 1, and BandwidthClass A in band 5:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	E-UTRA bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 1: BCS value definition

The actual UE capability signalling around the BCS signalling is quite complex due to the fact that the UE capability signalling has to indicate which BandwidthClasses for what bands the UE supports for each BandCombination the UE supports. Figure 1 shows a picture of the logical structure of the UE capability signalling related to band combination support.
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Figure 1: Logical structure of UE BandCombination capability signalling

As can be seen in Figure 1, the UE indicates as part of capability signalling:

· 
A number of BandCombinations it supports, where for each BandCombination the UE indicates:

· A number of parameters which are specific for this BandCombination i.e. BCS, multi-Timing Advance support and simultaneous Rx/Tx support;
· A list of Bands present in this BandCombination, where for each Band in the BandCombination the UE indicates:

· A number of parameters which are specific for this band in this BandCombination i.e. bandNumber and number of supported CSI processes supported
· A list of UL BandwidthClasses supported for this Band in this BandCombination, and a list of DL Bandwidthclasses supported for this Band in this BandCombination. For each UL/DL BandwidthClass the UE lists

· BandwidthClass and supported MIMO capability

It is important to realise that one BandCombination signalled as part of the UE capability may indicate UE support for multiple BandwidthClassCombinations. E.g. if a UE signals in one BandCombination for bands X and band Y that it supports:

Band X:
DL Class A,C





UL Class A


Band Y:
DL Class A, C




UL Class A


this implies that the UE supports the following 8 BandwidthClassCombinations:

	
	Band X
	Band Y

	
	DL
	UL
	DL
	UL

	1
	x
	A
	A
	A

	2
	x
	A
	C
	A

	3
	A
	A
	x
	A

	4
	A
	A
	A
	A

	5
	A
	A
	C
	A

	6
	C
	A
	x
	A

	7
	C
	A
	A
	A

	8
	C
	A
	C
	A


Table 2: Example of Supported BandwidthClassCombinations signalled by one BandCombination

RAN2 further clarified the interpretation of the BCS signalling as part of the BandCombination in incoming LS [1]:
1. 
The BandwidthCombinationSet indicated for a BandCombination are applicable to all Bandwidth Classes indicated by the UE in this BandCombination. If the UE does not support a BandwidthCombinationSet for all Bandwidth Classes in a BandCombination, the UE shall split the BandCombination and indicate BandwidthCombinationSets applicable to each of them.

3 BCS Numbering
As can be seen from section 2, currently RAN4 numbers the BCS w.r.t. a certain BandwidthClassCombination. E.g. as shown in Table 1, the value BCS=0 is defined for the combination of BandwidthClass A in band1 and BandwidthClass A in band 5.
This brings the question what we would do with the BCS numbering when the BCS for a different BandwidthClassCombination for the same BandCombination needs to be defined (e.g. CA_1A_5C). Two options seem available:

A) Consider the BCS values BandwidthClassCombination specific

· 
I.e. the number "0" can be re-used for CA_1A_5C with a different meaning as the value "0" for the BandwidthClassCombination CA_1A_5A
.
B) Consider the BCS values BandCombination Specific:
· 
I.e. if the number "0" is used for CA_1_5, it cannot be re-used for this BandCombination even if this concerns a different BandwidthClassCombination. I.e. in this case a different number (e.g. "1") should be used.
It should be noted that the BandwidthCombinationSets is defined by RAN2 as a bitmap of max 32 bits, where each bit indicates that the UE supports a specific BCS.
If option A would be selected, this would limit the possibility to combine support for different BandwidthClassCombinations in one BandCombination. E.g. the BCS "0" could only be signalled as supported if it is supported in all possible BandwidthClassCombinations that are part of the BandCombination. If on the other hand option B is selected, this type of dependency is not created since each BCS bit has a meaning for only 1 BandwidthClassCombination. Given that the large number of 32 bits that are available, option B seems to us the best way to go:

Proposal 1:
Consider the BandwidthCombinationSet values as BandCombination specific. I.e. the same value cannot be re-used to denote a second BandwidthCombinationSet for the same combination of bands, even if this concerns a different combination of Bandwidthclasses.
Note that this proposal (if agreed) does not necessarily need to be captured in the specifications but should be used by RAN4 when allocating future BCS value. Although not directly impacting RAN2, it does seem beneficial to inform RAN2 about this way forward potentially in a response LS to [1].
4 Handling of UL bandwidth limitations (FDD only)
So far RAN4 has mainly been discussing bandwidth limitations applicable for the DL; no explicit discussions have taken place for the UL. 

This brings the question what the applicable restrictions are for the bandwidth in the UL. In this respect we identified again two approaches:

A) No additional restrictions w.r.t. UL carrier bandwidth

· In this approach the BCS limitations signalled for a BandCombination is only applicable for the DL BandwidthClasses. I.e. usage of UL carriers is only limited by UL BandwithClasses signalled (i.e. number of carriers), but not by additional bandwidth restrictions signaled by the BCS.

B) Signal a separate BandwidthCombinationSet parameter for the UL per BandCombination

· In this approach we add another BandwidthCombinationSet parameter as part of the BandCombination signalling, and this parameter (probably again a bitmap) would indicate which bandwidths the UE supports in UL.

Let's look at an example to understand the difference between both approaches: 

· 
UE signals a BandCombination with DL-1A-5C and UL CA-1A-5A

· 
In approach A, on band 5 the UE supports an UL for one of the 2 carriers only, and it shall be possible for the UE to support any BW on that UL CC that is allowed according to the DL BCS configuration (i.e. no additional UL restrictions). E.g. if the BCS indicates that the UE supports a carrier bandwidth of 5Mhz on the first carrier in bandC and 10Mhz on the other carrier in band C, then the UE shall support 1 UL CC in band5 with a bandwidth of 5 or 10Mhz.

· 
On the other hand in approach B, it would be possible to signal as part of the UL BCS signalling that the UE only supports a bandwidth of 5Mhz in UL for band C, i.e. would only support an UL carrier for the first carrier in Band C and not for the second 10Mhz carrier.

We think both approaches are useable. Option B introduces a bit more UE capability flexibility at the cost of additional capability signalling. So far we do not think this additional flexibility is very relevant, therefore we have a slight preference for option A which also avoids further ASN.1 impact:
Proposal 2:  
Clarify in 36.101 that the BandwidthCombinationSet signalling implies bandwidth combination restrictions for the DL, and that no separate/additional restrictions can be signalled for the UL. I.e. for a certain band combination the UE shall support all uplink bandwidth combinations in accordance with the downlink bandwidth combinations signalled by the bandwidth combination set and in line with the supported UL bandwidth classes.
An example text proposal of how this could be captured in 36.101 can be found in Annex A.
5 Proposal
RAN4 is requested to discuss and if possible agree on the following 2 proposals:

Proposal 1:
Consider the BandwidthCombinationSet values as BandCombination specific. I.e. the same value cannot be re-used to denote a second BandwidthCombinationSet for the same combination of bands, even if this concerns a different combination of Bandwidthclasses.

Note that this proposal (if agreed) does not necessarily need to be captured in the specifications but should be used by RAN4 when allocating future BCS value. Although not directly impacting RAN2, it does seem beneficial to inform RAN2 about this way forward potentially in a response LS to [1].
Proposal 2:  
Clarify in 36.101 that the BandwidthCombinationSet signalling implies bandwidth combination restrictions for the DL, and that no separate/additional restrictions can be indicated for the UL. I.e. for a certain band combination the UE shall support all uplink bandwidth combinations in accordance with the downlink bandwidth combinations signalled by the bandwidth combination set and in line with the supported UL bandwidth classes.
If proposal 2 is agreed, Samsung is happy to provide a corresponding CR to 36.101 according to the text proposal in Annex A.
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Annex A: Text proposal for 36.101 v10.9.0
5.6A.1
Channel bandwidths per operating band for CA

The requirements for carrier aggregation in this specification are defined for carrier aggregation configurations with associated bandwidth combination sets. For inter-band carrier aggregation, a carrier aggregation configuration is a combination of operating bands, each supporting a carrier aggregation bandwidth class. For intra-band contiguous carrier aggregation, a carrier aggregation configuration is a single operating band supporting a carrier aggregation bandwidth class. 

For each carrier aggregation configuration, requirements are specified for all downlink bandwidth combinations contained in a bandwidth combination set, which is indicated per supported band combination in the UE radio access capability. A UE can indicate support of several bandwidth combination sets per band combination. Furthermore, if the UE indicates support of a bandwidth combination set that is a superset of another applicable bandwidth combination set, the latter is supported by the UE even if not indicated.
For the FDD uplink, no additional bandwidth restrictions can be signalled by the UE. I.e. for a certain band combination the UE shall support all uplink bandwidth combinations in accordance with the downlink bandwidth combinations signalled by the bandwidth combination set and in line with the supported UL bandwidth classes.
Requirements for intra-band contiguous carrier aggregation are defined for the carrier aggregation configurations and bandwidth combination sets specified in Table 5.6A.1-1. Requirements for inter-band carrier aggregation are defined for the carrier aggregation configurations and bandwidth combination sets specified in Table 5.6A.1-2.

The DL component carrier combinations for a given CA configuration shall be symmetrical in relation to channel centre unless stated otherwise in Table 5.6A.1-1 or 5.6A.1-2.

Table 5.6A.1-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA
	E-UTRA CA configuration / Bandwidth combination set

	CA Configuration
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB

(15 MHz + 15 MHz)
	100RB+100RB

(20 MHz + 20 MHz)
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA_1C
	
	Yes
	Yes
	40
	0

	CA_40C
	Yes
	Yes
	Yes
	40
	0

	NOTE 1:
The CA Configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 5.6A.1-2: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	E-UTRA bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


� Note that in this case the BCS will also have to indicate a bandwidthCombinationSet w.r.t. 3 carriers rather than 2.
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