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1 Introduction

At RAN2#85, [1] raised the issue that the maximum number of band combinations defined in TS36.331 (128) may be exceeded soon considering that 3DL/2UL are defined in RAN4. In this paper we further analyze this aspect and share our view on how to avoid backward compatibility issues. 

2 Discussion

As we agreed in Rel-10, the value of maxBandComb is 128, i.e. from signalling perspective we can support 128 band combinations. As analyzed in [1], if we consider 15 LTE bands, 1 UL, 3DL + 2DL + 1DL, then the maximum number of band combinations is 107 for particular bands. This result did not take 2UL into account.  The reason why the number is so big is because we agreed that:
Table 1 Agreements for signalling of band combinations
	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.

2
Class B does not implicitly cover Class A. Therefore, in each UL/DL-BandParameter entry the UE explicitly includes all classes it supports. The UE shall at least indicate Class A for each UL/DL-BandParameter entry. 

2a
The UE shall signal the CA-BandwidthClass parameter for all supported carrier aggregations combinations. (That means, support for 3DL+3UL does not imply support for 3DL+2UL. All combinations need to be listed explicitly.)

3
Support for CA_1A_1A does not imply that the UE also supports CA_1C. The UE has to explicitly indicate both if it supports both. 




According to [2], the situation in RAN4 is:

In Rel-10 and Rel-11, RAN4 has defined:

· 31 band combinations for 2DL+1UL;

In Rel-12, RAN4 is defining around:

· 40 band combinations for 2DL+1UL;

· 9 band combinations for 2DL+2UL;
· 27 band combinations for 3DL+1UL;

We can see that if a very capable UE supports all band combinations defined in RAN4 (107 band combinations), given that cat 6-8 UEs must contain non-CA bands, the current number 128 is not sufficient. 
Proposal 1: To support more band combinations for very capable UE, a new mechanism shall be considered.
At RAN#60 meeting, the first work items for 3DL Carrier Aggregation were approved, and more and more WID are targeting 3DL Carrier Aggregation. At RAN#63, Rel-11 CRs for new category 9 and 10 have been approved, which mainly target 3DL CA with total aggregated bandwidth of 60MHz. It seems that 3DL Carrier Aggregation will be ready in Rel-11. Given the previous considerations, we propose:

Proposal 2: RAN2 shall consider the new mechanism for Rel-11.
Currently the UE and the network supporting 2DL+1UL are already in the field. To avoid the impact on legacy networks, we shall not touch 2DL+1UL. There will be problems if the UE indicates 2DL+1UL in extended IEs as proposed in [1] because the legacy network cannot identify it, and therefore will not treat the UE as CA capable UE. To avoid this problem, the only way is to indicate 2DL+1UL still in the original IEs. And we do not touch the principle we agreed before as showed in the table 1.
As we analyzed above, if we only consider 2DL+ 1UL, it seems that currently the maximum number will not exceed 128. Considering that it is unlikely that a UE can support all band combinations, we propose:

Proposal 3: the combination for 2DL+1UL shall always be indicated by the field supportedBandCombination-r10 and the principle we agreed before shall not be touched.
For the moment, 2DL+2UL/3DL+1UL are not in the field; therefore new mechanism for them will not introduce backward compatibility issue. There are not many WIDs for 2DL+2UL. If the UE indicates 2DL+2UL alsol in the original IEs, the maximum number of band combinations may not be exceeded.

Proposal 4: RAN2 to discuss whether 2DL+2UL shall also always be indicated by the field supportedBandCombination-r10.
3  Conclusion

In this paper we discuss the issue on how to solve the limitation of current maximum number of band combinations, and have following proposals:
Proposal 1: To support more band combinations for very capable UE, a new mechanism shall be considered.
Proposal 2: RAN2 shall consider the new mechanism for Rel-11.
Proposal 3: the combination for 2DL+1UL shall always be indicated by the field supportedBandCombination-r10 and the principle we agreed before shall not be touched.
Proposal 4: RAN2 to discuss whether 2DL+2UL shall also always be indicated by the field supportedBandCombination-r10.
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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

	E-UTRA CA configuration 
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_1C
	15
	15
	40
	0

	
	20
	20
	
	

	CA_7C
	15
	15
	40
	0

	
	20
	20
	
	

	CA_38C
	15
	15
	40
	0

	
	20
	20
	
	

	CA_40C
	10
	20
	40
	0

	
	15
	15
	
	

	
	20
	10, 20
	
	

	CA_41C
	10
	20
	40
	0

	
	15
	15, 20
	
	

	
	20
	10, 15, 20
	
	

	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
	
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-29A
	2
	
	
	Yes
	Yes
	
	
	20
	0

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	CA_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-5A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-7A
	4
	
	
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-29A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	CA_5A -12A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_5A-17A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_8A-20A
	8
	
	
	Yes
	Yes
	
	
	20
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	25
	0

	
	18
	
	
	Yes
	Yes
	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 5.6A.1-3: E-UTRA CA configurations and bandwidth combination sets defined for non-contiguous intra-band CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration 
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_25A-25A
	5, 10
	5, 10
	20
	0

	CA_41A-41A
	10, 15, 20
	10, 15, 20
	40
	0
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