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1 Introduction
This contribution discusses the signaling of the UE bandwidth capabilities in each band in 4C HSDPA. 
In 4C HSDPA, the UE may be configured for data transmissions on 3 or 4 carriers in one or two frequency bands. In order to configure the data transmissions properly over the supported frequency bands, the network needs the following information: 

1 The total number of carriers the UE can be configured for data transmission across both bands. 

2 The UE bandwidth capability on each band, which is the maximum number of adjacent carriers the UE can support in each band for single-band operations.
3 Carrier combinations the UE can support for each band combination.
4 The UE capability of supporting DC HSUPA for each downlink carrier combination across the bands.
Item 1 is mainly determined by the UE baseband processing capacity and is signaled through UE categories [4]. 
Item 2 is new to 4C HSDPA and new signaling is needed. 
Item 3 may seem redundant with both Item 1 and 2. However, a UE with a certain bandwidth capability may not be tested for all the possible carrier combinations. For example, a UE supporting 4 carriers and with 20 MHz bandwidth capability in each band may be configured with carrier combinations of (1,3), (3,1), (2,2), (1,2), (2,1) and so on. Testing all of these combinations may take a lot of time, when some of the combinations will never get used in the field. Therefore, the UE needs to signal the subset of carrier combinations it can support. This is captured by Item 3. 

In addition, with multiple carriers on the downlink and uplink, the minimum separation between the configured downlink and uplink carriers may become smaller than the nominal frequency separation. Therefore, the UE capability of supporting DC HSUPA is dependent on the number of carriers configured on the downlink. For example, a UE may support DC HSUPA in the first band with a (2,1) downlink carrier combination but may not support DC HSUPA with a (2,2) combination. Therefore, Item 4 needs to be signal for each carrier combination. 
We will briefly review the existing signaling in Section 2. There has been a proposal for Rel 10 signaling and it is analyzed in Section 3. We intend to extend the existing mechanisms in Rel 9 instead of introducing brand new mechanisms. Our proposed signaling for 4C HSDPA is discussed in Section 4. 
2 Existing signalling up until Rel 9
2.1


UE categories

Multi-carrier HSPA starts from DC-HSDPA in Rel 8. In Rel 9, DC HSDPA is extended with the addition of MIMO, DB-DC HSDPA and DC HSUPA. The number of carriers the UE can support simultaneously is always indicated by the UE categories. 

2.2



Supported bands
The UE signals all the bands it supports in the IE "UE radio access capability extension" since Rel 99. This supportability is based on single-band operation. In Rel 8 DC HSDPA, the UE is required to support dual-carrier operation in any band it supports. 
2.3



Supported band combinations in DB-DC HSDPA
The supported band combination is signalled in “UE radio access capability’. The following table in 25.101 Rel 9 [6] lists all the band combinations allowed in DB-DC-HSDPA. It is conceivable that this table will be expanded in the future. 
Table 5.0AA DB-DC-HSDPA configurations

	DB-DC-HSDPA Configuration
	UL Band
	DL Bands

	1
	I or VIII
	I and VIII

	2
	II or IV
	II and IV

	3
	I or V
	I and V


3 Proposed extensions to 4C HSDPA

In our proposal, all the necessary information listed in Section 1 will be signalled. At the same time, we strive to reuse the existing mechanisms for better backward compatibility. 

3.1


Single band operations

With the support of more than 2 carriers in total, the network needs specific information on the number of carriers the UE supports in each band if all the carriers are configured in the same band.

For the multiple carrier configurations in a single band (2 adjacent, 3 adjacent or 4 adjacent), we propose to introduce the following RRC signalling:

Proposal 1:

· Continue to use the existing RRC signalling for the per band support of UMTS

· For each band that is supported by the UE, the UE signals additionally the following:

· the max channel bandwidth supported for that band

·  4 values: 5MHz, 10MHz, 15MHz, 20MHz

· for a DC HSUPA capable UE, the UE signals the largest bandwidth configuration x (x=10,15,20 MHz) along which DC-HSUPA is supported
As an example, a UE could signal that it supports a maximum channel bandwidth of 20MHz (4 adjacent carriers) in Band A but only supports DC-HSUPA with up to 15 MHz of downlink configured carriers in that Band. In other words, if a UE is configured with 4 adjacent carriers on the downlink, it cannot be configured with dual uplinks due to the interference from the second uplink to downlink operations; but if it were configured with 2 or 3 adjacent carriers on the downlink, it can support DC-HSUPA. 
3.2


Dual-band operations

When 3 or 4 carriers are configured across two bands, we have the following proposals. 

Proposal 2: 

· Continue to use the existing Rel-9 Band Combination table defined in [6], and cited in Section 2.2. A new entry is added to this table only when it differs in terms of the downlink frequency band combinations. In other words, do not add an entry for each combination of carriers, for each of the frequency bands.
· The existing Band Combination table [6] consists of 3 entries: B1/B8, B2/B4 and B1/B5.
· Introduce an extension table that contains an array of flags for each entry in the above Band Combination table

· 6 flags to signal the support of the combination of the number of downlink carriers in each band: (1,1), (2,1),(1,2), (3,1),(1,3) (2,2)
· Note that the support of combinations (3,0),(0,3),(4,0),(0,4) is signalled by the single-band signalling
· For a DC HSUPA capable UE, 6 flags to signal the support of DC-HSUPA for each of the carrier combinations excluding (1,1)

· Note that for (2,2) we would need 2 flags: one flag pre band
· For the remaining four combinations, since 1 carrier is supported in one of the bands, the DC-HSUPA support applies to the other band. 

· Also, for (1,3) and (3,1), the support of DC-HSUPA means that any 2 of the 3 carriers can be configured in DC-HSUPA

As an example, a UE could signal that it supports the carrier combination (2,2) on bands A and B respectively. In addition, the UE can signal the support of DC-HSUPA in the band A, only if one downlink carrier is configured in the band B. In other words, if a UE is configured with 4 carriers in a (2,2) configuration, it cannot be configured with dual uplinks on either of the bands A or B, due to the interference from the second uplink to downlink operations. But if it were configured with (2,1) carriers, it can support DC-HSUPA in the first band. 

4 Conclusion
We have proposed new signalling mechanisms for 4C HSDPA which signal all the necessary information and maintain good backward compatibility. More specifically, we propose the following: 

Proposal 1: For the multiple carrier configurations in a single band, we continue to use the existing RRC signalling for the per band support of UMTS. In addition, 

· for each band supported, the UE signals the maximum channel bandwidth supported for that band

· for a DC HSUPA capable UE, the UE signals the largest bandwidth configuration x (x=10,15,20 MHz) along which DC-HSUPA is supported
Proposal 2: When 3 or 4 carriers are configured in two bands, we continue to use the existing Rel-9 Band Combination table to signal the allowable band combinations for 4C-HSDPA. In addition, 

· introduce an extension table that contains an array of flags for each entry in the above Band Combination table

· 6 flags to signal the support of the combination of downlink carriers in each band: (1,1), (2,1),(1,2), (3,1),(1,3) (2,2)

· For a DC HSUPA capable UE, 6 flags to signal the support of DC-HSUPA for each of the carrier combinations excluding (1,1) and where 2 flags are used for the (2,2) combination
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