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1 Introduction
During RAN2#71bis meeting in Stockholm, fierce discussions were made regarding the band combination signalling for 4C-HSDPA in [1], [2], [3], [4], [5], after which, Qualcomm’s signalling scheme obtained more support from various companies and was proposed as the way forward. However, the coding scheme of Qualcomm’s signalling seems still a little bit debatable, so it was noted by chairman that “keeps the current way of indicating carrier combinations. If companies find a better way to code this, it can be proposed.”
In this contribution, we acknowledge the necessity for signalling carrier combination such (1, 3), (2, 2) etc., meanwhile present our ideas towards its coding.
2 Discussion                                                                                                                                                  

As offline agreed, the 4C-HSDPA band combination signalling scheme can be designed in more conservative ways so that it allows UE to report more details about its band combination capability. Hence Qualcomm’s coding scheme seems justified as listed in annex table 1. The advantages of such coding are: straightforward logic, clear semantics… meanwhile its drawbacks are: significant amount of signalling bits, redundancy, larger incremental signalling with further extension…. which we shall explain in more details below:

(1): In each band combination, at least 6 bits (1 optional + 5 Boolean) are needed no matter whether all 5 carrier combinations make practical sense or not. e.g. for band combination I+VIII, only (3,1), (2,1), (2,2) have been specified so far while (1,2), (1,3) unspecified as indicated in annex table 2, hence the signalling of (1,2), (1,3) doesn’t make any sense today for this band combination. However, the unspecified carrier combinations may become specified some day in future, so Qualcomm’s coding scheme may be beneficial then, but it is still kind of waste today, and such waste becomes multiplied as more band combinations are supported. In annex, we list out all band combinations + carrier combinations specified so far.
(2): In each band combination, if (1,3) is supported, (1,2) must be supported by current agreement, the same for (3,1) and (2,1); if (1,2) is not supported, (1,3) is not supported surely either, the same for (2,1) and (3,1). Obviously there is dependency between the 5 carrier combinations, so we assume such redundancy can be removed.
(3): In case one day when even higher dimensional multi-carriers than 4C-HSDPA comes into play and if Qualcomm’s coding scheme is extended directly with similar idea, the incremental signalling and redundancy may outperform its advantages today.

Based on above analysis, we want to make new kind of coding. If we go through the annex table 2 till annex table 6 with a little more patience, we may find something interesting as below:

(1): (1, 3) is unspecified in any band combination so far. There could be RAN4 reasons behind for that. Since even UE signals (1,3) to NW, NW can’t configure it due to being unspecified, we think it wasteful for UE to signal (1,3) explicitly and prefer not to take it into account. In case one day (1, 3) becomes specified for certain band combination, we can add it up then.

Proposal 1: If Qualcomm’s coding scheme will be adopted, the carrier combination (1, 3) can be removed.
(2): The meaning of (2,1) can be covered by (3,1) or (2,2),and (1,2) can be covered by (2,2).e.g. if UE signals (3,1) or (2,2) to NW, it means support of (2,1), (1,2) implicitly. We can conclude 7 types of exclusively supported carrier combinations as table 0 below:

	Possible Carrier Combinations scenarios
	Explicitly 
	Implicitly 

	1
	(3,1)  (2,2)
	(2,1) (1,2)

	2
	(3,1)  (1,2)
	(2,1)

	3
	(3,1)
	(2,1)

	4
	(2,2)
	(2,1) (1,2)

	5
	(2,1)  (1,2)
	

	6
	(2,1)
	

	7
	(1,2)
	

	8
	For future extension
	。。。

	9
	。。。
	。。。

	。。。
	。。。
	。。。


Table 0: Pre-defined table for looking up supported carrier combinations 
Less bits are required to represent above 7 type carrier combinations, and with suitable coding it should be more efficient than Qualcomm’s coding.
(3): In case one day when higher dimensional multi-carriers than 4C-HSDPA or new carrier combinations (should be specified by NW!) comes into play, we may extend above table, the incremental signalling and redundancy is lower than Qualcomm’s coding scheme.

Proposal 2: Consider above table 0 and other more efficient coding schemes for 4C-HSDPA band combination signaling. 
3 Conclusion
RAN2 is kindly asked to think about following proposals:
Proposal 1: If Qualcomm’s coding scheme will be adopted, the carrier combination (1, 3) can be removed.
Proposal 2: Consider above table 0 and other more efficient coding schemes for 4C-HSDPA band combination signaling.  
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5 Annex
	Radio Access Capability Band Combination List
	CV-not_iRAT_HoInfo
	1 to 16
	
	The absence of this IE indicates that the UE does not support Dual Band Operation. 
	REL-9

	>Band Combination 
	MP
	
	Integer(1..256)
	The integer value n indicates that the nth DB-DC Configuration (A,B) in table 5.0AA in [21] is supported by the UE.
	REL-9

	>Supported Carrier Combination List
	OP
	
	
	Absence of this IE means that the UE only supports the carrier combination (1,1) for this band combination (A,B). 
	REL-10

	>>Carrier Combination (1,2)
	MP
	
	Boolean
	The value TRUE means that carrier combination (1,2) is supported for this band combination (A,B).
	REL-10

	>>Carrier Combination (2,1)
	MP
	
	Boolean
	The value TRUE means that carrier combination (2,1) is supported for this band combination (A,B).
	REL-10

	>>Carrier Combination (1,3)
	MP
	
	Boolean
	The value TRUE means that carrier combination (1,3) is supported for this band combination (A,B).
	REL-10

	>>Carrier Combination (3,1)
	MP
	
	Boolean
	The value TRUE means that carrier combination (3,1) is supported for this band combination (A,B).
	REL10

	>>Carrier Combination (2,2)
	MP
	
	Boolean
	The value TRUE means that carrier combination (2,2) is supported for this band combination (A,B).
	REL-10


Table 1: Qualcomm’s 4C-HSDPA band combination signalling scheme

	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Band number
	Number of DL adjacent carriers

	Prio1-3
	I
	3
	VIII
	1

	Prio1-5
	I
	2
	VIII
	1

	Prio1-4
	I
	2
	VIII
	2

	Unspecified!
	I
	1
	VIII
	2

	Unspecified!
	I
	1
	VIII
	3


Table 2: Specified scenarios in band combination I+VIII 

Note: Prio x-y means the scenario y in the specified band combination table with priority x.

	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Band number
	Number of DL adjacent carriers

	Prio1-6
	I
	3
	III
	1

	Prio1-7
	I
	2
	III
	1

	Prio2-1
	I
	2
	III
	2

	Unspecified!
	I
	1
	III
	2

	Unspecified!
	I
	1
	III
	3


Table 3: Specified scenarios in band combination I+III 

Note: Prio x-y means the scenario y in the specified band combination table with priority x.

	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Band number
	Number of DL adjacent carriers

	Unspecified!
	I
	3
	V
	1

	Prio1-9
	I
	2
	V
	1

	Prio1-8
	I
	2
	V
	2

	Unspecified!
	I
	1
	V
	2

	Unspecified!
	I
	1
	V
	3


Table 4: Specified scenarios in band combination I+V 

Note: Prio x-y means the scenario y in the specified band combination table with priority x.

	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Band number
	Number of DL adjacent carriers

	Prio2-3
	II
	3
	IV
	1

	Prio1-12
	II
	2
	IV
	1

	Prio1-11
	II
	2
	IV
	2

	Prio1-13
	II
	1
	IV
	2

	Unspecified!
	II
	1
	IV
	3


Table 5: Specified scenarios in band combination II+IV 

Note: Prio x-y means the scenario y in the specified band combination table with priority x.
	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Band number
	Number of DL adjacent carriers

	Unspecified!
	I
	3
	XI
	1

	Unspecified!
	I
	2
	XI
	1

	Prio2-2
	I
	2
	XI
	2

	Unspecified!
	I
	1
	XI
	2

	Unspecified!
	I
	1
	XI
	3


Table 6: Specified scenarios in band combination I+XI 

Note: Prio x-y means the scenario y in the specified band combination table with priority x.
	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Band number
	Number of DL adjacent carriers

	Prio?-?
	M
	3
	N
	1

	Prio?-?
	M
	2
	N
	1

	Prio?-?
	M
	2
	N
	2

	Prio?-?
	M
	1
	N
	2

	Prio?-?
	M
	1
	N
	3


Table 7: to be specified scenarios in band combination M+N 

Note: Prio x-y means the scenario y in the specified band combination table with priority x.










































































































































































































