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1   Introduction
An issue regarding additional signalling of the bandwidth combinations was raised in the recent RAN2 and RAN plenary meetings [1][2][3]. According to current CA capability signalling mechanism, all bandwidth combinations for the band class(es) should be supported and tested, which  may cause a large implementation and test burden. As a consequence, the requirement of signalling bandwidth combinations was discussed.
Although the requirement should be determined by RAN4, RAN2 is responsible for specifying signalling solutions. In this contribution, we analyze possible signalling solutions in case the requirements are endorsed in RAN4. 
2   Discussion
In order to enable to UE to indicate the supported bandwidth combinations in more details, we can think about the following three approaches:
Alt 1: new classes for Rel-8 bandwidth
Currently, bandwidth classes are defined as bandwidth range by RAN4. One possibility is therefore to introduce new classes, for each bandwidth value, directly as illustrated in the red part in the following table.
Alt1: CA bandwidth classes

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	0.05BWChannel(1)

	B
	NRB,agg ≤ 100
	2
	FFS

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	G
	NRB,agg = 100 (20MHz)
	1
	

	H
	NRB,agg = 75 (15MHz)
	1
	

	I
	NRB,agg = 50 (10MHz)
	1
	

	J
	NRB,agg = 25 (5MHz)
	1
	

	K
	NRB,agg = 15 (3MHz)
	1
	

	L
	NRB,agg = 6 (1.4MHz)
	1
	


Six new classes (G-L) are introduced, associated to the related Rel-8 bandwidths. If UE supports all bandwidth combinations for an original class (A-F), the original class should be used to reduce signalling overhead, otherwise new classes are used. 
With Alt1, there may be more than one band in band combination for an intra-band contiguous CA in order to express more than one class (e.g. class H + H instead of class C). Therefore, an indicator is needed to differentiate intra-band contiguous CA or intra-band non-contiguous CA. An example is shown for Alt1: 
Alt1: Signalling example for UE supporting 15M+15M for CA_1C, and 10M+10M for CA_1A+5A
	Band Combination index
	Contiguous CA Indicator
	band
	class

	0
	1
	1
	Class H

	
	
	1
	Class H

	1
	0
	1
	Class I

	
	
	5
	Class I


Alt2: Class-specific bitmap for bandwidth combinations
With Alt2, a bitmap is added for the class(es) of band combination to indicate bandwidth combinations supported by the UE. Each bit in the bitmap of the class corresponds to a CA bandwidth combination defined by RAN4. The bitmap is class-specific. RAN4 needs to define the table of bandwidth combinations for each class, .e.g.
Alt2: example for bitmap of bandwidth combinations for each class
	CA Bandwidth Class
	Link direction
	Bit 0
	Bit 1
	Bit 2
	Bit 3
	Bit 4
	Bit 5
	…

	A
	DL
	6RB
	15RB
	25RB
	50RB
	75RB
	100RB
	

	
	UL
	6RB
	15RB
	25RB
	50RB
	75RB
	100RB
	

	C
	DL
	50RB+100RB
	75RB+75RB
	100RB+100RB
	
	
	
	

	
	UL
	50RB+100RB
	75RB+75RB
	100RB+100RB
	
	
	
	


A signalling example is shown as below:
Alt2: Signalling example for UE supporting 15M+15M for CA_1C, and 10M+10M for CA_1A+5A
	Band Combination index
	band
	class
	Bitmap

	0
	1
	Class C
	010

	1
	1
	Class A
	000100

	
	5
	Class A
	000100


Alt3: Band-combination-specific bitmap for subset of bandwidth combinations
With Alt3 [1] [2], a bitmap in UE capability signalling is added for a band combination to indicate subsets of bandwidth combinations supported by the UE for this band combination. Each bit in the bitmap corresponds to a CA bandwidth combination subset defined by RAN4. The bitmap is band-combination-specific. RAN4 needs to define many subsets of bandwidth combination for all possible band combinations.

Alt3: Signalling example for UE supporting 15M+15M for CA_1C, and 10M+10M for CA_1A+5A
	Band Combination index
	Bitmap
	band
	class

	0
	XXXX
	1
	Class C

	1
	XXXX
	1
	Class A

	
	
	5
	Class A


The pros/cons of above solutions are analyzed below:
	
	Alt 1
	Alt 2
	Alt 3

	Signalling overhead
	High

(especially when many width combinations are supported by UE)


	Low
	Medium

	RAN2 impact
	Low

(Just an indicator is needed to differentiate intra-band contiguous CA or intra-band non-contiguous CA)
	Medium
	Medium

	RAN4 impact
	Low

(Just new classes are introduced)
	Medium
(Bandwidth combinations need to be defined for each class)
	High

(Bandwidth combination subsets need to be defined for each band combination)

	UE capability flexibility
	High
	High
	Low

(UE need to implement CA and MIMO capability according to bandwidth combination subset)


In summary:

Alt1 has less standard impact and just small change based on current signalling mechanism. All R10 CA capability signalling approach can be reused. The only drawback is that the signalling overhead may be high. Considering that band combinations supported by one UE are very limited, therefore the overhead is not a big problem. And similar approach is also used in UMTS.  
Alt2 has higher UE implementation flexibility and less RAN4 impact than Alt3. But it still needs to couple RAN2 and RAN4 slightly.

Alt3 needs to couple RAN2 and RAN4 specification tightly. We have to interpret bandwidth combinations signalling bits based on RAN4 specification. If a new band combination is introduced, the bandwidth combination subsets need to be defined subsequently. It requires continuous coordination with RAN4. Also, Alt2 adds additional implementation restriction on UE for CA and MIMO capability. The UE can only indicate the same MIMO capability for each bandwidth combination in one subset corresponding to one bit of the bitmap, which may make it difficult to define the subsets. For two subsets with different MIMO capability, the band combination may need to be duplicated with different bitmap setting in order to indicate different MIMO capability.  With Alt2, current CA-BandwidthClass seems to be useless which will change current mechanism.
It is noted that UMTS decided on a fully flexible approach. We ask RAN2 to discuss the signalling based on the above three approaches.
Proposal:  Ask RAN2 to discuss the signalling based on the above three signalling approaches, if RAN4 confirms the requirement.
3   Conclusion
In this contribution, we discuss three approaches for signalling bandwidth combinations. The corresponding CRs for Alt1 and Alt2 are presented in [6] [7]. We propose:
Proposal:  Ask RAN2 to discuss the signalling based on the above three signalling approaches, if RAN4 confirms the requirement.
4   Reference

[1] R2-120282
On channel bandwidth and Inter-band CA; Qualcomm Incorporated

[2] R2-120599
Introduction of supported bandwidth combinations for CA; Ericsson, ST-Ericsson
[3] RP-120335 On LTE CA Bandwidth Combinations; 
Qualcomm Inc., Ericsson, ST-Ericsson, Verizon Wireless, ATT, Alcatel-Lucent, SK Telekom
[4] R2-120283
Carrier Aggregation bandwidth combination; Qualcomm

[5] R2-120600
Introduction of supported bandwidth combinations for CA; Ericsson, ST-Ericsson
[6] R2-121452 36331_CRxxxx_(Rel-10)_R2-12xxxx Signalling approaches for bandwidth combinations-alt1 ; Huawei, HiSilicon
[7] R2-121453 36331_CRxxxx_(Rel-10)_R2-12xxxx Signalling approaches for bandwidth combinations-alt2; Huawei, HiSilicon















































































































































































































































































































3GPP


