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1 Background
Different proposal for the signalling of band combinations for 4C-HSDPA were discussed in RAN2#70 [1], [2], [3], [4], [5]. Two different approaches were identified:
A: Signalling of band combinations scenarios

B: Re-use Rel-9 band combination list

The signalling solution should be backwards compatible, future proof, and efficient. To define an efficient signalling solution, i.e. only the essential capability information is signaled, the capability dependencies need to be considered. An example of a 4C-HSDPA capability dependency is when the UE supports carrier configuration (3,1) in band combination I and VIII, it also supports carrier combination (2,1) in this band combination. In this paper the carrier configuration is denoted lower capitals, e.g. (m,n), while the band combinations are denoted with upper capitals, e.g. (X,Y). 

The main purpose of signalling the supported band combinations for 4C-HSDPA is to enable the network to configure the UE in 4C-HSDPA operations, i.e. to inform the network what configurations are supported by the UE. This applies to both 4C-HSDPA operations in a single band, and dual band. 



4C-HSDPA capability signalling comprises:

· Physical layer UE category (TBD):

· 3-carrier, 4-carrier
· MIMO

· ...
· Indicates the maximum number of carriers the network can configure

· Single band 4C-HSDPA capability:

· Band(s) supporting 4C-HSDPA single band operations

· Maximum number of carriers in band supporting 4C-HSDPA single band operations (3-carrier, 4-carrier)

· Dual band 4C-HSDPA capability:
· Band combinations supporting 4C-HSDPA dual band operations

· Maximum number of carriers in each band of band supporting 4C-HSDPA dual band operations (1-carrier, 2-carriers, 3-carriers)
In the following chapter the 4C-HSDPA capability dependencies are discussed first. Next a 4C-HSDPA signalling solution is presented.

2 Discussion
2.1 4C-HSDPA capability dependencies
The following dependencies are assumed for single and dual band 4C-HSDPA operations:
4C-HSDPA single band:

· If the UE indicates support for 4-carrier operations in a band, it also supports 3-carrier operations in that band
4C-HSDPA dual band:

· If the UE supports 4C-HSDPA operations (Rel-10) in band combination (X, Y) it also supports DB-HSDPA operations (Rel-9) in band combination (X,Y)
· If the UE supports (n,m) carriers (n and/or m > 1) in band combination (X,Y), then it also supports (n-i, m-j) (i,j >= 0) in band combination (X,Y)
· If the UE supports (n,m) carriers (n and/or m > 1) in band combination (X,Y), then it also supports single band 4C-HSDPA in band X with n carriers and single band 4C-HSDPA in band Y with m carriers.

· If the UE supports dual band 4C-HSDPA operations in band combinations (X,Y) and (X,Z), then the maximum number of carriers supported in X is the same for each band combination. 

The following dependencies cannot be assumed:

· A UE supporting 4C-HSDPA single band does not necessarily support 4C-HSDPA dual band. 

· A UE supporting DB-HSDPA Rel-9 in band combinations (X,Y) does not necessarily support 4C-HSDPA Rel-10 operations in band combination (X,Y).

· A UE supporting n carriers in total may not support all possible carrier combinations on the supported band combinations. For example a 4-carrier UE may support carrier configuration (3,1), but not (2,2) in band combination (X,Y). 
· A UE never supports more carriers than supported by the signalled UE category. Thus a UE supporting n carriers in band X and m carriers in band Y, does not necessarily support (n,m) carriers in band combination (X,Y). For example a UE, indicating a 3-carrier 4C-HSDPA UE category only, may support carrier configurations (2,1) and (1,2), but does not support (2,2) in band combination (X,Y). However if the UE indicates a 4-carrier 4C-HSDPA UE category it would also support (2,2) in band combination (X,Y). 
2.2 4C-HSDPA signalling solution

Based on the 4C-HSDPA capability dependencies an efficient signalling solution is proposed based on existing capability signalling. 
4C-HSDPA single band:

· For each band, the UE can indicate if it supports 3 or 4 carrier 4C-HSDPA single band operations.
4C-HSDPA dual band:

· For each supported band combination (DB-HSDPA, Rel-9) the UE indicates if it supports 4C-HSDPA dual band operations for that band combination. 
· For each band, in the band combination supporting 4C-HSDPA, the UE indicates the maximum number of carriers with 4C-HSDPA dual band operations supported in that band.

4C-HSDPA single band signalling solution:
10.3.3.42a
UE radio access capability extension

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Frequency band specific capability list
	MP
	1 to <maxFreqbandsFDD>
	
	The network should ignore the entry that includes the ‘extension indicator’.
	

	>Frequency band
	MP
	
	Enumerated(Band I, Band II,
	
	

	
	
	
	Band III,
	
	REL-5

	
	
	
	Band VI, Band IV, Band V, Band VII, extension indicator)
	The setting of the value ‘extension indicatior’ by the UE is not specified in the specification.
	REL-6

	>Frequency band 2
	OP
	
	Enumerated(Band VIII, Band IX, Band X, Band XI, Band XII, Band XIII, Band XIV, Band XIX, Band XXI, Band XX, extension Indicator)
	This IE indicates the supported frequency bands Band VIII and beyond.

The setting of the value ‘extension indicatior’ by the UE is not specified in the specification.
Five spare values are needed
	REL-6

	>4C-HSDPA single band
	OP 
	
	Enumerated(3-carrier, 4-carrier) 
	This IE indicates the maximum number of carriers that the UE supports in this band for single band 4C-HSDPA. If the UE indicates 4-carrier support, it also supports 3-carrier.
	Rel-10

	>4C-HSDPA dual band
	OP 
	
	Enumerated(1-carrier, 2-carrier, 3-carrier) 
	This IE indicates the maximum number of carriers that the UE supports in this band for dual band 4C-HSDPA. 

If the UE indicates 3-carrier support, it also supports 2- and 1-carrier. If the UE indicates 2-carrier support, it also supports 1-carrier.
	Rel-10

	>RF capability FDD extension
	MD
	
	RF capability FDD extension 10.3.3.33a
	the default values are the same values as in the immediately preceding IE "RF capability FDD extension"; the first occurrence is MP
	

	>Measurement capability extension
	MP
	
	Measurement capability extension 10.3.3.21a
	
	


4C-HSDPA dual band signalling solution:

10.3.3.42
UE radio access capability

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version


...
	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 in table 5.0AA in [21] is supported by the UE.
	REL-9

	>4C-HSDPA dual band 
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support dual band 4C-HSDPA operations in this band combination.
	REL-10


...
2.3 Examples

UE1 supporting dual band 4C-HSDPA for 4-carriers in band combinations (I,V) and (I, III):

Frequency band specific capability list:


Radio Access Capability Band Combination List:

Band
Max dual band



dual band comb

4C-HSDPA dual band

I

4




(I,V)


Yes


III

1




(I, III)


Yes
V

2




(I, II)


-
IV

-

VIII

-

UE2 supporting single band 4C-HSDPA for 3-carriers in Band I and V only:

Frequency band specific capability list:


Radio Access Capability Band Combination List:


Band
Max single band



-



I

3







II

-

III

-

V

3

2.4 Simultaneous DC-HSUPA and 4C-HSDPA
When DC-HSUPA is configured simultaneously with 4C-HSDPA the minimum distance between the UL and DL frequencies may decrease as more DL carriers are added. For bands with small Tx-Rx frequency separation, this may cause increased self-interference onto the DL carriers that are closest to the UL frequencies, thus degrading the performance on these carriers. In another contribution to RAN4 [6] it is discussed that potential performance degradations due to reduced duplex distance will only affect the secondary carriers that are closest to the UL frequencies, whereas the impact on the primary carrier is expected to be only marginal. Capability signalling to support simultaneous DC-HSUPA and 4C-HSDPA for certain band combinations is deemed not necessary [6]. In any case it is proposed that RAN4 first agrees on the need for such signalling, before RAN2 decides on a signalling solution for capability signalling to support simultaneous DC-HSUPA and 4C-HSDPA. 
3 Summary

RAN2 is kindly requested to discuss the 4C-HSDPA capability dependencies and signalling solution. 
4 References

[1] R2-102902, Signaling and support of band combinations for 4C-HSDPA, Ericsson, ST-Ericsson


[2] R2-103187, Discussion on signaling band/frequency support, InterDigital
[3] R2-103219, Signaling and support of band combinations for 4C-HSDPA, Qualcomm
[4] R2-103035
, On the signalling of UE band capability report for 4C-HSDPA, Huawei
[5] R2-103147, Band/carrier combination signalling for 4C-HSDPA, Nokia Siemens Networks, Nokia
[6] R2-10xxxx, On dual-carrier uplink support for 4C-HSDPA, Ericsson, ST-Ericsson






































































configuration











NW





UE








capability








1

