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1 Introduction
In the last RAN2 #85 meeting, it was discussed whether the band combination signaling as specified in Rel-10 needs to be enhanced as 3 DL band CA will be introduced by RAN4 in their Rel-12 specifications [1]. As result of the discussion the following was confirmed with respect to the band combination signaling [2]. 
=> RAN2 confirms that the UE shall include all supported single-band “band combinations” explicitly.  

According to this confirmation, when the UE indicates support of a 2 band CA combination and can support the single band by default, it does not mean that the UE can skip signaling the constituent non-CA band combinations although it is a subset of the supported 2 bands CA. Therefore, the UE shall indicate the support of each non-CA band combination explicitly.

However, there was no conclusion whether the UE shall include all supported 2 DL band CA combinations explicitly when the UE supports 3 DL band CA.  This was originated from the fact that there are discussions ongoing in RAN4 on this topic and RAN4 did not draw any conclusions whether the UE supporting a 3 DL band CA combination is required to support all constituent 2 DL band CA combinations.  
In this document, we continue discussion on the band combination signaling based on the latest RAN4 status.  

2 RAN4 status on fallback mode
RAN4 has been discussing the support of fallback mode operation on 2DL band CA as a part of 3 DL band CA discussion. That is, the UE supporting a 3 DL band CA combination can be configured by eNB with the subset of this 3 DL band CA combination, i.e. 2 DL band CA or single band. According to RAN4 contributions [3-6], it is of RAN4 common understanding that the UE supporting 3 DL band CA should be able to support 2 DL band CA as well as single band. Furthermore, there is no concern on the proposal that the UE supporting 3 DL band CA is required to support 2 DL band CA although the official agreement is yet to be concluded [7]. 
The pending issue is whether the UE is required to support all bandwidth combination sets defined for 2 DL band CA in fallback mode because the bandwidth combination sets defined for 2 DL band CA may not be exactly same as the possible bandwidth combination sets defined for 3 DL band CA. However, this issue would not affect the main principle that the UE is able to support 2 DL band CA as fallback mode. 
Observation 1: It can be assumed that the UE supporting 3 DL band CA will be required to support 2 DL band CA. 
3 Band combination signaling for 2 DL band CA
Although we assume that the UE supporting 3 DL band CA will support 2 DL band CA, it does not necessarily mean that the UE can omit band combination signaling for 2 DL band CA. The reason is UE capabilities defined per band combination can be different for 3 DL band CA and 2 DL band CA. Table 1 shows the UE capabilities defined per band combination or per band. 
Table 1: UE capabilities defined per band combination/band

	UE capabilities
	Different or same for 3 DL and 2 DL band CA? 

	supportedMIMO-CapabilityDL-r10
	Depends on UE implementation

	supportedMIMO-CapabilityUL-r10
	Same when UL CA capability is same

	ca-BandwidthClassDL-r10
	Depends on overall CA capability including intra-band contiguous CA

	ca-BandwidthClassUL-r10
	Same when UL CA capability is same.

	SupportedBandwidthCombinationSet-r10
	May or may not be same depending on RAN4 conclusion

	interFreqNeedForGaps
	Depends on UE implementation 

	multipleTimingAdvance-r11
	Same when UL CA capability is same

	supportedCSI-Proc-r11
	Depends on UE implementation

	simultaneousRx-Tx-r11
	Depends on UE implementation


Referring to Table 1 above some UE capabilities can be the same for 3 DL band CA and 2 DL band CA depending on UE implementation. However, this cannot be assumed in general considering that the motivation of defining UE capabilities per band combination/band is to give UE implementation flexibility. Therefore, it is not desirable to mandate the UE to omit the signalling of all supported 2 DL band CA combinations. 
Observation 2: the UE needs to be able indicate 2 DL band CA combinations if different UE capabilities are supported compared to 3 DL band CA. 

Taking above observations into account, we discuss the possible approaches of band combination signaling for 2 DL band CA associated with 3 DL band CA as fallback mode:
· Approach 1: the UE shall indicate all supported 2 DL band CA combinations explicitly although the UE is mandated to support all 2 DL band CA associated with 3 DL band CA. 

· This approach is simple. However, as discussed in [1], it is likely that with this approach the total number of band combinations becomes larger than the current maximum number of band combinations (128).

· Approach 2: the UE shall indicate supported 2 DL band CA combinations if UE capabilities are different from 3 DL band CA. 

· This approach would be beneficial to reduce the number of band combination to be signaled. Furthermore, some clarification would be required to support approach 2 in the current specification. Approach 2 can be generalized to support different types of fallback mode e.g. 3 DL band CA associated with 4 DL band CA.    

Proposal 1: RAN2 to decide which approach should be assumed for signaling of 2 DL band CA associated with 3 DL band CA. 
4 Further enhancements on band combination signaling
Even if RAN2 agree to support Approach 2 in section 3, the gain to reduce signaling overhead may be dependent on how likely the same UE capabilities can be supported in 2 DL band CA and 3 DL band CA. For example, as described in Table 1, it is likely that different measurement gap capability is required in 2 DL band CA compared to 3 DL band CA.  If the UE supporting DL band combination (Band_X_Y_Z) is operated in Band X_Y, the UE can perform inter-frequency measurement in Band Z without measurement gap. In this case, the band combination should be signaled to indicate the different measurement gap capability. Therefore, in worst case, there is no gain to reduce the band combinations with Approach 2. 
Furthermore, although the subset of band combinations can be omitted, the current maximum number of band combinations may still not be sufficient to indicate all supported band combinations considering a lot of different band combination WIs will be introduced in RAN4 due to the fact that CA gets more and more interest in the market. Therefore, we think that further enhancements on band combination signaling would be required to resolve the shortage of the number of band combinations in RRC signaling.     
Proposal 2: RAN2 to agree that the current maximum number of band combination would not be sufficient for the future extension of CA capability. 

During the offline discussion in RAN2 #85 meeting, it was proposed to discuss more if the number of band combination signaling can be reduced by using implicit rule like approach 2 in Section 3. In addition to approach 2 in Section 3, we could define additional implicit rule in which case the UE can skip the band combination signaling. 
As analyzed in [1], the main factor to increase the number of band combinations significantly is to indicate UL CA capability in each band combination. For example, when the UE supports 3 DL band CA (Band_X_Y_Z) and single UL carrier, the UE needs to signal 3 different band combinations with Band_X_Y_Z because different UL single carrier capability should be indicated with different band combination. However, it is quite natural that the UE can support single UL carrier as long as the corresponding frequency band is supported as standalone. Therefore, we propose to skip indicating UL single carrier capability in 3 DL band CA if the corresponding band is supported as non-CA band.  
Given that this implicit rule is not backward compatible, it can be applied to 3 DL band CA and more than 3 DL band CA only. Table 2 compares the number of signaled band combinations without/with the implicit rule on single UL carrier. The Table 2 shows 3 DL CA case only taken from the original Table ([1]) that showed the possible band combinations list targeting the US market assuming the number of supported LTE bands of 15(i.e. 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 27, 29, 30, 41). As shown in Table 2, the total number of band combinations is reduced to 17 from 45. 
Table 2: Example of the number of signaled band combinations

	CA type
	Details of band combinations
	# of signaled band combinations
	# of signaled band combinations with implicit rule

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


	17


Proposal 3: RAN2 to discuss the introduction of the implicit rule that the UE skips band combination signaling for 3 DL band CA and more than 3 DL band CA in case of single UL carrier.  

As a straightforward and future proof solution to resolve the shortage problem, the maximum number of band combinations should be extended and we could consider two possible approaches as addressed in [1].
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, if still all supported band combinations need to be explicitly signaled due to different UE capability support per band combination or single UL carrier support, 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 4: RAN2 to discuss the approaches to increase the number of band combinations and the earliest release in where the approaches may be introduced. 
5 Conclusion

In this document, we discussed the band combination signaling for 3 DL band CA and following points are observed. 

As signaling of 2 DL band CA associated with 3 DL band CA as fallback mode, the following points are observed. 
Observation 1: It can be assumed that the UE supporting 3 DL band CA will be required to support 2 DL band CA. 


 REF obs2 \h 

Observation 2: the UE needs to be able indicate 2 DL band CA combinations if different UE capabilities are supported compared to 3 DL band CA. 


Based on the above observations, we proposed: 

Proposal 1: RAN2 to decide which approach should be assumed for signaling of 2 DL band CA associated with 3 DL band CA. 


Furthermore, it is expected that as more CA band combinations are introduced due to the increasing interest of CA in the market, it is inevitable to enhance band combination signaling. Therefore, we proposed the following for further enhancement of band combination signaling. 

Proposal 2: RAN2 to agree that the current maximum number of band combination would not be sufficient for the future extension of CA capability. 



 REF prop3 \h 

Proposal 3: RAN2 to discuss the introduction of the implicit rule that the UE skips band combination signaling for 3 DL band CA and more than 3 DL band CA in case of single UL carrier.  



 REF prop4 \h 

Proposal 4: RAN2 to discuss the approaches to increase the number of band combinations and the earliest release in where the approaches may be introduced. 
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