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1	Introduction
In RAN2 #98 (Hangzhou) meeting, RAN2 had been discussing the CA fallback combinations, specifically concerning the support of bandwidth combination sets (BCS) for fallback band combinations. Based on this discussion, it is not clear to RAN2 “whether for fallback combinations UE is required to support all bandwidth combination sets of the original band combination?” Specifically, the following questions are proposed in RAN2’s LS [1]:
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK40][bookmark: OLE_LINK41]To 3GPP TSG RAN WG4 group.
ACTION: 	RAN2 would like RAN4 to respond to the following questions:
1)	If UE supports BC1 with BCS0, does UE also support BCS0 for all of the fallback band combinations of BC1? 
2)	If the answer to question 1 is “no”, RAN2 would like RAN4 to indicate what can be assumed of the BCS support for fallback combinations?


In this paper, we would like to provide our analysis on the above questions and related issues for BCS support in fallback band combinations. 

2 RAN4 Agreement on LTE Fallback Band Combination
Here we firstly review the related RAN4 discussion on LTE fallback band combination dating back to the work item of LTE-A 3 Band CA, in which the following agreements related are achieved [2][3], which are captured as below: 
	3DL/1UL inter-band CA has now been introduced in the RAN4 specifications. Specifically, in 36.101, UE Radio and performance requirements have been included for specific band combinations. RAN4 has agreed on the need to ensure UEs supporting 3DL to fall-back to 2DL CA. This agreement can be generalized for any “upper order” DL CA and fall-back to “lower order” DL CA.

RAN4 has agreed on the following: 
[bookmark: OLE_LINK143][bookmark: OLE_LINK144]A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths specified within each specific combination set of the upper order DL combination.

RAN4 notes that the supported lower order fallback DL CA combinations does not imply fallback to all possible lower order DL CA combinations. As an example, a 3DL capable UE supporting CA_x-y-z with UL only in Band x, is required to fallback to CA_x-y and CA_x-z, each with single uplink in Band x, but not to CA_y-z.

Following is an illustrative example of the above agreement. The example considers a 3DL capable UE supporting CA-x-y-z and assumes that the UE supports UL in any of the bands. The E-UTRA CA configuration is as follows:
	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_x-y-z
	x
	
	
	Yes
	Yes
	
	
	45
	0

	
	y
	
	
	Yes
	Yes
	Yes
	
	
	

	
	z
	
	
	
	
	Yes
	Yes
	
	



To ensure that this UE will fallback to the lower order fallback modes (i.e. 2DL CA), 
-	It shall support CA_x-y, CA_y-z and CA_x-z 
-	It shall support (at least) the following E-UTRA CA configurations in 2DL
	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_x_y
	x
	
	
	Yes
	Yes
	
	
	25
	0

	
	y
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_y_z
	y
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	z
	
	
	
	
	Yes
	Yes
	
	

	CA_x_z
	x
	
	
	Yes
	Yes
	
	
	30
	0

	
	z
	
	
	
	
	Yes
	Yes
	
	



TS 36.101 will include radio and performance requirements to allow UEs to follow the above agreements. However, the UE radio capabilities are part of RAN2 responsibility. RAN4 would like to ask RAN2 to include requirements to reflect the RAN4 agreement in the 3GPP specifications.



The above highlighted text is also captured in TS36.101. 
Observation 1: From RAN4 perspective, it is clear that the support of the upper order DL band combination doesn’t indicate the support of neither all available BCS nor a specific BCS in the low order DL band combination. In other words, the support of BCS1 in high order DL BC doesn’t mean the support of BCS1 nor BCS0 in the lower order DL BC. 

3 RAN2 Signaling Related to Fallback Band Combination
Till current RAN2 discussion for LTE, as far as our understanding, there are two capability signaling related to fallback band combination, i.e., skipFallbackCombinations (Rel-13) and diffFallbackCombReport (Rel-14), which are designed to avoid redundant band combination signaling.
3.1 skipFallbackCombinations (Rel-13)
As per Rel-13 feature, E-UTRAN can request that UE skips all fallback combinations that are different from the “highest order” CA band combination, as below in excerpt from TS 36.331, section 5.6.3.3: 
	5.6.3.3	Reception of the UECapabilityEnquiry by the UE
…...
3>	if UECapabilityEnquiry message does not include requestDiffFallbackCombList, compile a list of band combinations, candidate for inclusion in the UECapabilityInformation message, comprising of band combinations supported by the UE according to the following priority order (i.e. listed in order of decreasing priority):
…...
4>	if the UE supports requestReducedFormat and UE supports skipFallbackCombinations and UECapabilityEnquiry message includes requestSkipFallbackComb:
5>	set skipFallbackCombRequested to true;
5>	for each band combination included in the list of candidates (including 2DL+1UL CA band combinations), starting with the ones with the lowest number of DL and UL carriers, that concerns a fallback band combination of another band combination included in the list of candidates as specified in TS 36.306 [5]:
6>	remove the band combination from the list of candidates;
6>	include differentFallbackSupported in the band combination included in the list of candidates whose fallback concerns the removed band combination, if its capabilities differ from the removed band combination;


3.2 diffFallbackCombReport (Rel-14)
As per Rel-14 feature, E-UTRAN can request UE to explicitly report its fallback combination capability, if the support UE capabilities are different from the high order combination. The detailed mechanism is shown as below in excerpt from TS 36.331, section 5.6.3.3:  
	5.6.3.3	Reception of the UECapabilityEnquiry by the UE
….
3>    else if the UE supports requestReducedFormat and diffFallbackCombReport, and UECapabilityEnquiry message includes requestDiffFallbackCombList:
	4>    for each CA band combination indicated in requestDiffFallbackCombList:
		5>    include the CA band combination with its capabilities;
		5>    include the fallback combinations together with their supported UE capabilities for which the supported UE capabilities are different from the capability of the CA band combination;
	4>    include CA band combinations indicated in requestDiffFallbackCombList into requestedDiffFallbackCombList;



Based on the above summary for RAN2 signaling (Rel-13 skipFallbackCombinations and Rel-14 diffFallbackCombReport), the following observation can be obtained: 
Observation 2: With the enhancement of CA band combination support defined in RAN2, the capability signaling of fallback band combination can be avoided if having the same capability as upper band combination, while different capability of fallback BC can be explicitly indicated or listed. 

3.3 Indication of BCS Support in UE Capability Reporting Signaling 
In UE capability reporting signaling, BCS support is indicated by the bit string for a particular band combination, i.e., 
	BandCombinationParameters-r13 ::=	SEQUENCE {
	differentFallbackSupported-r13	ENUMERATED {true}				OPTIONAL,
	bandParameterList-r13			SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13,
	supportedBandwidthCombinationSet-r13	SupportedBandwidthCombinationSet-r10	OPTIONAL,
	multipleTimingAdvance-r13		ENUMERATED {supported}				OPTIONAL,
	simultaneousRx-Tx-r13			ENUMERATED {supported}				OPTIONAL,
	bandInfoEUTRA-r13				BandInfoEUTRA,
	dc-Support-r13					SEQUENCE {
		asynchronous-r13			ENUMERATED {supported}				OPTIONAL,
		supportedCellGrouping-r13		CHOICE {
				threeEntries-r13				BIT STRING (SIZE(3)),
				fourEntries-r13					BIT STRING (SIZE(7)),
				fiveEntries-r13					BIT STRING (SIZE(15))
		}																OPTIONAL
	}																	OPTIONAL,
	supportedNAICS-2CRS-AP-r13		BIT STRING (SIZE (1..maxNAICS-Entries-r12))	OPTIONAL,
	commSupportedBandsPerBC-r13		BIT STRING (SIZE (1.. maxBands))		OPTIONAL
}

SupportedBandwidthCombinationSet-r10 ::=	BIT STRING (SIZE (1..maxBandwidthCombSet-r10))



From the above signalling, we can observed that BCS support is provided per band combination, and if the capability of the fallback band combination is skipped, no BCS field will be signalled, which based on our understanding means gNB shall conclude the BCS support information from the high order band combination. 
Observation 3: For fallback band combination without explicit capability signaling, UE can NOT report the BCS support, and this BCS support information can only be obtained implicitly from the high order band combination under a clarified rule specified in RAN2 spec.

4 Discussion on BCS support for Fallback Combinations 
Based on the above analysis, we would to answer RAN2’s 2nd question, i.e., “RAN2 would like RAN4 to indicate what can be assumed of the BCS support for fallback combinations?” 
Firstly, aligned with RAN2’s definition of “Fallback band combination” provided in TS 36.306, either releasing at least one SCell or releasing uplink configuration of SCell can result in fallback band combination. And we would like to split the discussion for these two kinds of fallback band combination. 

4.1 Fallback Combination from Releasing SCell Uplink Configuration
If the fallback band combination is obtained by releasing SCell uplink configuration, the BCS index supported by this fallback band combination is unchanged, and then we have the following proposal: 
Proposal 1: For fallback band combination by releasing SCell uplink configuration, the BCS support is assumed to be the same as high order band combination. 

4.2 Fallback Combination from Releasing SCell
From our understanding, if the fallback band combination is obtained by releasing at least one SCell, the following options can be considered for the assumption of BCS support of fallback combination:
[bookmark: OLE_LINK141][bookmark: OLE_LINK142]Assumption-1: No BCS support information of the fallback band combination can be deducted from the signalling for high order band combination.
Assumption-2: Exactly the same BCS support information of the fallback band combination can be deducted from the signalling for high order band combination.

Considering the usage of the fallback band combination, actually another question related is “Whether or not the same BCS support information of the fallback band combination is considered when UE determine differentFallbackSupported (Rel-13) field or add explicit fallback BC capability for diffFallbackCombReport (Rel-14)”, which we have two options as below:
Assumption-a: BCS support information of the fallback band combination is NOT considered as part of UE capability when UE determine differentFallbackSupported (Rel-13) field or add explicit fallback BC capability for diffFallbackCombReport (Rel-14).
Assumption-b: BCS support information of the fallback band combination is considered as part of UE capability when UE determine differentFallbackSupported (Rel-13) field or add explicit fallback BC capability for diffFallbackCombReport (Rel-14).

For these above options, the pros and cons are summarized as below: 



	
	
	Pros
	Cons

	Assumption-1
	Assumption-a
	· Exact aligned with RAN4 agreement, i.e., higher order BC’s BCS support doesn’t imply the corresponding BCS support for fallback combination. 
	· No BCS support information can be conducted if fallback BC’s capability is skipped.
· Explicit BCS support information is always needed for more than one BCS is defined for the fallback BC.

	
	Assumption-b
	· Somehow aligned with RAN4 agreement, i.e., higher order BC’s BCS support doesn’t directly imply the corresponding BCS support for fallback combination.
· Explicit BCS support information for fallback BC can be skipped if the same BCS support information as the high order BC (which are the common case based on current CA BC definition in RAN4).
	· No BCS support information can be conducted if fallback BC’s capability is skipped.

	Assumption-2
	Assumption-a
	· Explicit BCS support information for fallback BC can be skipped if the same BCS support information as the high order BC.
	· Not aligned with RAN4 agreement

	
	Assumption-b
	· N/A. (Since BCS support information can be deducted based on “Assumption-2”, this piece of information should no longer be taken into account as “Assumption-b”, otherwise conflicting information may be experienced.) 



Based on the above analysis, we prefer Assumption-1 plus Assumption-b, i.e., 
Proposal 2: For fallback band combination by releasing at least one SCell, the following assumption for BCS support information should be assumed:
· No BCS support information of the fallback band combination can be deducted from the signalling for high order band combination.
· BCS support information of the fallback band combination is considered as part of UE capability when UE determine differentFallbackSupported (Rel-13) field or add explicit fallback BC capability for diffFallbackCombReport (Rel-14).

Based on our proposal, the way to understand UE’s BCS support for fallback BC should follow:
· If gNB receive UE’s capability with Rel-13 skipFallbackCombinations
· For the high order BC’s differentFallbackSupported is NOT present, gNB shall assume the same BCS support is expected for all this BC’s fallback band combination (based on above Assumption-b). 
· For the high order BC’s differentFallbackSupported is present, gNB shall assume the different capability (i.e., which could come from BCS support or other UE capability) (based on above Assumption-1 and Assumption-b). 
· If gNB receive UE’s capability with Rel-14 diffFallbackCombReport
· If the requested high order BC’s fallback BC is NOT present, gNB shall assume the same BCS support is expected for this fallback band combination (based on above Assumption-b). 

5 Draft Reply LS to RAN2 
To answer the two questions from RAN2, we propose the following replies based on the above analysis: 
Question-1) If UE supports BC1 with BCS0, does UE also support BCS0 for all of the fallback band combinations of BC1? 
Reply: For fallback band combination of BC1 by releasing SCell uplink configuration, the same BCS support as BC1 (i.e., BCS0 for this example) can be assumed. For fallback band combination of BC1 by releasing at least one SCell, UE is not required to support BCS0 for all fallback combination. 

Question 2) If the answer to question 1 is “no”, RAN2 would like RAN4 to indicate what can be assumed of the BCS support for fallback combinations?
Reply: Based on RAN4 agreement (captured in reply LS to RAN2 in Rel-13 discussion, i.e., R2-144079), 
A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths specified within each specific combination set of the upper order DL combination. 
RAN4 would like to provide the following assumptions of the BCS support for fallback combinations:
· For fallback band combination by releasing SCell uplink configuration, the BCS support is assumed to be the same as high order band combination.
· For fallback band combination by releasing at least one SCell, no BCS support information of the fallback band combination can be deducted from the signalling for high order band combination. 
[bookmark: OLE_LINK147][bookmark: OLE_LINK148]Furthermore, based on RAN4’s study and the current status of CA band combination and BCS definition in RAN4, it is beneficial that the BCS support information of fallback band combination is considered as part of UE capability when UE determine differentFallbackSupported (Rel-13) field or add explicit fallback BC capability for diffFallbackCombReport (Rel-14). 
Based on the above proposal, the draft reply LS is provided in our accompanying contribution [4]. 

6 Conclusion
In this paper, we first give our observations on current status of RAN2/4 for the support of BCS for fallback BCs: 
Observation 1: From RAN4 perspective, it is clear that the support of the upper order DL band combination doesn’t indicate the support of neither all available BCS nor a specific BCS in the low order DL band combination. In other words, the support of BCS1 in high order DL BC doesn’t mean the support of BCS1 nor BCS0 in the lower order DL BC. 
Observation 2: With the enhancement of CA band combination support defined in RAN2, the capability signaling of fallback band combination can be avoided if having the same capability as upper band combination, while different capability of fallback BC can be explicitly indicated or listed. 
[bookmark: _GoBack]Observation 3: For fallback band combination without explicit capability signaling, UE can NOT report the BCS support, and this BCS support information can only be obtained implicitly from the high order band combination under a clarified rule specified in RAN2 spec.
Then, based upon our analysis, the following proposal can be reached: 
Proposal 1: For fallback band combination by releasing SCell uplink configuration, the BCS support is assumed to be the same as high order band combination. 
Proposal 2: For fallback band combination by releasing at least one SCell, the following assumption for BCS support information should be assumed:
· No BCS support information of the fallback band combination can be deducted from the signalling for high order band combination.
· BCS support information of the fallback band combination is considered as part of UE capability when UE determine differentFallbackSupported (Rel-13) field or add explicit fallback BC capability for diffFallbackCombReport (Rel-14).
Based on the above proposal, the draft reply LS is provided in our accompanying contribution [4]. 
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