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1 Introduction
From Rel-10 onwards, the UE indicates to E-UTRAN the list supportedBandCombination which defines the carrier aggregation, MIMO and MBMS capability supported by the UE for configurations with inter-band, intra-band non-contiguous, intra-band contiguous carrier aggregation and without carrier aggregation.
SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10 

The maximum number of band combinations given by maxBandComb is set to 128.
maxBandComb-r10



INTEGER ::=
128
-- Maximum number of band combinations.

However, considering the spectrum related activities in RAN4 the number of band combinations for CA is growing steadily. Thus, we expect that the current maximum number of band combinations may not be sufficient in the near future. Therefore, we think that it would be worthwhile to address the band combination signalling limitation issue and to resolve this issue as soon as possible. 

2 Discussion
In Rel-10 CA, the maximum value of maxBandComb was defined based on the following rationale [1]. 

· it defines the maximum number of SupportedBandCombination, each of which corresponds to a band combination that UE supports. 

· Assuming 5 Cell and 64 bands in maximum, theoretical limit is quite high. Combination (64,5) + … Combination (64,1) = 8,303,632

· However, it is very unlikely that UE supports such many combinations.

· Let’s limit it to 5 bands and 5 Cells. Then it is Combination (5,5) + … Combination (5,1) = 27

· However, because multiple instances of SupportedBandCombination can be reported for a same band combination due to measurement gap requirement etc, rather big margin would be necessary.

· Proposed value = 128

Although the maximum value was defined with big margin at that time, there are some aspects that were missed in defining this value. 
Firstly, the maximum value was derived based on the assumption that the UE supports 5 bands. However, currently, RAN4 is working on 23 WIs for intraband CA, 58 WIs for interband CA(downlink only), 5 classes including 20 bands combinations  for inter-band CA (uplink) and 25 WIs for 3 interbands CA (downlink only) based on the various frequency bands. Depending on region/operators that the UE wants to support, the number of supported bands and band combinations is more than the initially assumed number of band combinations based on 5 bands only.  
Secondly, referring to the agreements made in past RAN2 meetings, the UE is required to explicitly signal all supported band combinations, i.e. if the UE supports a certain band combination it does not mean that all the lower combinations are also supported by the UE. If the UE supports 3 inter-band CA (Band_X_Y_Z), it does not mean that the UE supports the 2 inter-band CA combinations Band_X_Y or Band_Y_Z as well. Therefore, the UE is required to indicate explicitly the supported band combinations Band_X_Y and Band_Y_Z in the band combination list.
In Table 1, we provide an analysis of the size of CA band combination list for an exemplary Rel-11 UE implementation targeting the US market assuming the number of supported LTE bands is 15 (i.e. 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 27, 29, 30, 41).
Table 1: Example of the number of signaled band combinations

	CA type
	# of signaled band combinations
	Details of band combinations

	3 DL CA inter-band/intra-band (1 UL)
	45=13*3+2*2+2

(Note)
	(2,5,30), (2,12,30), (2,29,30), (4,5,30), (4,12,30), (4,29,30), (2,4,13), (2,2,13), (4,4,13), (2,4,12), (2,4,5), (2,5,12), (4,5,12), (2,12,12), (4,12,12) , (41,41,41) contiguous, (41,41,41) non-contiguous

	2 DL CA inter-band  (1 UL)
	40=18*2+4
(Note)
	(2,4), (2,12), (2,13), (4,17), (4,13), (4,12), (5,12), (2,17), (4,5), (5,17), (2,29), (4,29), (12,25), (23,29), (2,5), (2,30), (5,30), (12,30), (29,30), (4,30), (5,25), (4,27)

	2 DL CA intra-band (1 UL)
	8
	non-contiguous (2, 4, 23, 25, 41), contiguous (12, 23, 27)

	Non CA intra-band (1 UL)
	14
	2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 27, 30, 41

	Total
	107
	


Note: for band combination, the UE needs to signal multiple band combinations to indicate the different uplink bands for the single UL carrier (e.g. in case of 3 DL CA, 3 band combinations are signaled and in case of 2 DL CA inter-band, 2 signaled band combinations signaled). However, since band 29 is DL only band, there is no need to indicate a band combination with band 29 as the UL carrier. 
According to our analysis the exemplary UE would signal 107 CA band combinations which is still below the current maximum number of 128. However, it should be taken into account that in the above analysis we considered only 1 UL and the situation in US. In case of a UE supporting further LTE bands and UL CA then the number of band combinations to signal will likely exceed the maximum number of band combinations.
Observation: The number of band combinations will likely exceed the current maximum number of band combinations allowed in the RRC signaling in the near future due to the fact that the number of band combinations is steadily growing and all supported band combinations need to be explicitly signaled by the UE.  
Proposal 1: RAN2 to agree that the current maximum number of band combination allowed in the RRC signaling would not be sufficient for the future extension of CA capability. 
In order to resolve the issue described in the Section 2, we could consider two possible approaches as follows.

Approach 1: To increase the maximum number of band combinations
We can increase the maximum number of band combinations to the larger value than 128. As example it could be increased to a value of 1024: 
maxBandComb-r10



INTEGER ::=
128
-- Maximum number of band combinations.
maxBandCombExt-r12


INTEGER ::=
[1024]
-- Extended maximum number of band combinations.

As a consequence of approach 1, an extended band combination IE needs to be introduced to include band combinations more than 128.This approach is beneficial in the sense that it is simple and straight forward to extend the capacity of signaling band combinations. However, this approach may not be fully future-proof because it is difficult to estimate how many band combinations may be newly defined for CA in the future and how many of them will be supported by UE implementation. Since the supported band and band combinations are independent from the LTE release, a Rel-x UE may want to support the newly introduced band combinations although they are introduced in Rel-y and beyond (with x<y). Furthermore, because all supported band combinations need to be explicitly signaled, the number of band combinations can be dramatically increased if the UE support 4 bands or 5 bands CA. 
Approach 2: To use an unconstrained size for the number of band combinations
 According to this approach an unconstrained size is defined for the band combination list rather than having to choose an maximum value for the number of band combinations. In LTE ASN.1 signaling, unconstrained size has been used for OCTET STRING type. Similarly, unconstrained size could be defined for band combination list as shown in the following.  This approach would provide more flexibility for future extension because the size is not limited to a certain value. However, due to using unconstrained size, it would be hard to predict the overall size of this ASN.1 structure.  
SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10
SupportedBandCombinationExt-r12 ::= SEQUENCE OF BandCombinationParameters-r10 

Proposal 2: RAN2 to discuss the approaches to increase the number of band combinations and the earliest release in which the approaches may be introduced. 
Two CRs based on the approaches are proposed in [2] and [3] respectively.
3 Conclusion

In this contribution, we discussed the signalling limitation of CA band combinations. We observed that the number of band combinations can exceed the current maximum number of band combinations in the near future due to the fact that the number of band combinations is steadily growing and all supported band combinations need to be explicitly signaled by the UE.
Therefore, we propose the following two proposals to ensure that the UE will be able to signal all the supported band combinations:
Proposal 1: RAN2 to agree that the current maximum number of band combinations allowed in the RRC signaling would not be sufficient for the future extension of CA capability. 
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Proposal 2: RAN2 to discuss the approaches to increase the number of band combinations and the earliest release in which the approaches may be introduced. 
Two CRs based on the approaches are proposed in [2] and [3] respectively.
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