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Introduction
In previous RAN2#70 meeting, various proposals were put forth regarding the signaling and support of band combinations in 4C-HSDPA [1][2][3][4][5]. From that discussion, the following two questions remain to be answered:-
1. What information regarding UE bandwidth and band combination support needs to be signaled?
2. How exactly to signal UE bandwidth and band combination information?

In this contribution, we try to address the above two questions. In section 2, we start by addressing the first question on the information that needs to be signaled with regards to UE bandwidth and band combination support for 4C-HSDPA. In section 3, we analyze two competing proposals on the mechanism to signal such information. Finally, we summarize our proposals in section 4.
2

UE Bandwidth and Band Combination Information
In 4C-HSDPA, the UE may be configured for data reception on up to 3 or 4 downlink carriers in one or two frequency bands. In order to configure the data transmissions properly, the network needs the following information about the UE bandwidth capabilities: 

1    The total number of carriers on which the UE can be configured for data reception. 

2    The UE bandwidth capability in each band, i.e., the maximum number of adjacent carriers the UE can support in each band in single-band operation.

3    For each band combination, the carrier combinations the UE can support, i.e., given a pair of frequency bands, the maximum number of carriers in each band the UE can support when it is in dual-band operation. A band combination together with a carrier combination will be referred to as a band combination scenario hereon.
4    Given a band combination scenario, the UE capability of supporting DC-HSUPA for that scenario.
Item 1 is mainly determined by the UE baseband processing capacity. It is signaled through UE categories [6]. 

For Item 2, the need to signal the capability of supporting more than two carriers in each band is new to Rel-10. 
Item 3 may seem redundant in presence of both Items 1 and 2. However, a UE with a certain bandwidth capability may not be tested for all the possible carrier combinations. Even the RAN4 requirements may initially be available for only a subset of the carrier combinations. For example, a UE with the capability of supporting 4 carriers in each band may be configured with carrier combinations of (1,3), (3,1), (2,2), (1,2), (2,1) and so on. But not all of these combinations may be specified in RAN4 requirements. Therefore, the UE needs to signal the subset of carrier combinations it can support. Hence, Item 3 is needed.  
The need for Item 4 is due to the following: 

·    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 (3, 1) combination.
·    DC-HSUPA performance may not be tested for all the supported downlink carrier combinations. Furthermore, the performance requirement for all of the downlink carrier combinations may not be specified by RAN4. 
In the next section, we look at mechanisms to help signal the UE bandwidth and band combination information presented here.
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Mechanism to Signal UE Bandwidth and Band Combination Information
It is desirable to extend the existing signaling instead of introducing new mechanisms to signal UE bandwidth and band combination information in Rel-10. For this, we briefly review the existing signaling in Rel-9 in Section 3.1. Our proposed signaling for 4C-HSDPA is discussed in Section 3.2. An alternate mechanism, listed in [8], is analysed in Section 3.3.
3.1

Existing Signaling up to Rel-9 

3.1.1
UE Categories 
In Rel-8.and Rel-9, the number of carriers the UE can support is indicated by means of the UE category. 

3.1.2
Supported Bands
The UE signals all the bands it supports in the IE "UE radio access capability extension" since Rel-99. Up until Rel-9, the supportability is based on the single-band operation. In Rel-8 DC-HSDPA, the UE is required to support dual-carrier operation in any band it supports. 
3.1.3
Supported Band Combinations in DB-DC-HSDPA
The supported band combination is signalled in IE “UE radio access capability”. The following table, taken from 25.101 (Rel-9), lists all the band combinations allowed in DB-DC-HSDPA. It is conceivable that this table will be expanded in the future. 

Table 1: Table 5.0AA DB-DC-HSDPA configurations from 25.101
	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


3.2

Proposed Signaling for 4C-HSDPA 
3.2.1
Signaling to Support Single-Band Operation

For a 4C-HSDPA UE, the network needs to know the total number of carriers the UE supports in each band if all the carriers are configured in that band. For this purpose, the following RRC signaling is proposed:
Proposal 1: Continue to use the existing RRC signaling for the per band support of UMTS. For each band that is supported by the UE, the UE signals the following additional information:
·   The maximum channel bandwidth supported for that band, which can be one of four values: 5MHz, 10MHz, 15MHz, 20MHz

·   For a DC-HSUPA capable UE, the UE signals the maximum channel bandwidth for which DC-HSUPA is supported, which can be one of three values: 10MHz, 15MHz, 20MHz

Example 1.1 A UE supports 4 carriers in Band A. It will signal its support for Band A as in Rel-9. In addition, it will signal the 4 carrier capability associated with that band. 

Example 1.2 The UE supports 4 adjacent carriers in Band A but only supports DC-HSUPA with up to 3 adjacent carriers configured in that Band. In other words, if the UE is configured with 4 adjacent carriers on the downlink, it cannot be configured with dual-uplink 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. This UE will signal 15 MHz as the maximum channel bandwidth for which DC-HSUPA is supported. 

3.2.2
Signaling to Support Dual-Band Operation

For a 4C-HSDPA UE, the following RRC signaling mechanism is proposed to support dual-band operation: 

Proposal 2: Continue to use the existing Rel-9 Band Combination Table defined in 25.101 (as cited in Section 3.1.3). A new entry is added to this table only when it differs in terms of the downlink frequency band combination. In other words, do not add entries for each possible combination of carriers given a frequency band combination. Instead, introduce an extension table that contains an array of flags for each entry in the Band Combination Table. The extension table would contain:
·   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)
· Note that the support of combinations (3,0),(0,3),(4,0),(0,4) is signalled by the single-band signaling
· 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) 2 flags are needed: one flag per 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

In summary, each row in the current Rel.9 Band Combination Table will have an extension table consisting of flags for carrier combinations and DC-HSUPA support. This is illustrated in Figure 1 below.

[image: image1]             

Figure 1: Signaling of the Band and Carrier Combinations Using Extension Table
Example 2.1 As an example, a UE could signal that it supports the carrier combination (2,2) on bands II and IV respectively. In addition, the UE can signal the support of DC-HSUPA in the band II only if one downlink carrier is configured in the band IV. In other words, if a UE is configured with 4 carriers in a (2,2) configuration, it cannot be configured with dual uplinks in band II, 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 band II. Based on this, the UE will set the bottom left flag, “Support (2,2)”, of the Extension Table in above figure to 1. It will also set flags “DC-HSUPA w/ (2,1)” and “DC-HSUPA in II w/ (2,2)” to 1 and 0 respectively. Similarly, other flags of Extension Table can be set depending on UE support for corresponding band combination scenarios.
3.3

Alternative Signaling Mechanism 

Table 2 lists the prioritized band-combination scenarios for RAN4 study, presented in [7]. This table can also be used as an extension to the Rel-9 Band Combination Table in 25.101 (shown in Section 3.1.3). An alternative signaling mechanism proposal (see [8]) is that UE indicates its support of certain rows of Table 2. 
Table 2: List of Prioritized Band-Combination Scenarios for RAN4 Study
	Scenario
	Band A
	Band B

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

	2
	I
	3
	N/A
	N/A

	3
	I
	3
	VIII
	1

	5
	I
	2
	VIII
	1

	8
	I
	2
	V
	2

	9
	I
	2
	V
	1

	11
	II
	2
	IV
	2

	12
	II
	2
	IV
	1

	13
	II
	1
	IV
	2


There are several drawbacks to this approach as listed below:-
1.   Table 2 is not backward compatible with the existing Band-Combination Table in Rel-9. 
2.   Scalability issues:
a. Table 2 is not scalable – In future expansions, for each new band combination, multiple entries are necessary. For example, for a 4C-HSDPA capable UE, potentially 5 entries are needed for each band combination: (2,1), (1,2), (3,1), (1,3) and (2,2). The maximum size of this table is 256 [9]. This only allows for 51 ( = 256/5) band combinations. Considering that there are already 21 bands for UMTS, 51 band combinations may not be enough for the foreseeable future. 
b. The information field of the UE signaling is not very scalable. The UE can only signal a maximum number of 16 supportable band combination scenarios [9]. Considering the need for supporting multiple carrier combinations per band combination, 16 may not be enough for the foreseeable future. 
One way to mitigate this scalability problem is to introduce some rules for implied supportability. For example, the support of the (3, 1) carrier combination for a band combination (Band A and Band B) implies the support of   the (2, 1) carrier combination. However, such rules create issues in forward and backward compatibility between the UE and network. In future releases, when Table 2 is expanded, both the UE and the network would upgrade their stored versions of the Table. However, the UE and network upgrades may not be synchronized. For example, if the network is older and only has a (2, 1) entry for Band A and Band B combination in its stored table version and the UE has a newer table with an entry corresponding to (3, 1) for Band A and Band B combination, a problem can occur. According to the rule for implied supportability, the UE only signals its support of (3, 1) and does not need to signal its support of (2, 1). However, the network does not understand this new (3, 1) entry. To avoid such confusion, version control could be used in which a sequential version number is assigned each time this table is expanded; the network broadcasts its version in a SIB; the UE listens to this broadcasted version and will signal entries only in the network version of the table. Clearly, this adds complexity and overhead to the signaling mechanism.

3.   Amount of signaling overhead is a concern - each entry in the Table requires 8 bits to be signaled (see [9]) and multiple entries may have to be signaled for each band combination. For example, for a 4-carrier capable UE, the support of (3, 1), (1, 3) and (2, 2) has to be indicated for a band combination. Thus, 24 bits are needed. In the proposal in Section 3.2.2, only 14 bits ( 8 + 6 flag bits) are needed. 
4.  Table 2 may not be well organized for future expansion. New entries will likely be added in an un-ordered fashion, for example, (2, 1) and (2, 2) entries for a particular band combination may not be added at the same time. This would impact the readability of the specification.

5.   The signaling of DC-HSUPA support must be specified separately.  

In contrast, the proposal in Section 3.2 has the following advantages: 

1.   It uses the same table as in Rel-9. 

2.   It is fully scalable for future expansion of band and carrier combinations.

3.   It incurs smaller signaling overhead.
4.   It incorporates signaling of DC-HSUPA support for each band combination scenario. 
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Conclusion
In this document, a signaling mechanism for 4C-HSDPA is proposed which signals all the necessary information for UE bandwidth and band combination support and maintains good backward compatibility. The mechanism incorporates the following two proposals:
Proposal 1 (single-band operation): Continue to use the existing RRC signaling for the per band support of UMTS. For each band that is supported by the UE, the UE signals the following additional information:
·   The maximum channel bandwidth supported for that band, which can be one of four values: 5MHz, 10MHz, 15MHz, 20MHz

·   For a DC-HSUPA capable UE, the UE signals the maximum channel bandwidth for which DC-HSUPA is supported, which can be one of three values: 10MHz, 15MHz, 20MHz

Proposal 2 (dual-band operation): Continue to use the existing Rel-9 Band Combination Table defined in 25.101 (as cited in Section 3.1.3). A new entry is added to this table only when it differs in terms of the downlink frequency band combination. In other words, do not add entries for each possible combination of carriers given a frequency band combination. Instead, introduce an extension table that contains an array of flags for each entry in the Band Combination Table. The extension table would contain:

·   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)
· Note that the support of combinations (3,0),(0,3),(4,0),(0,4) is signalled by the single-band signaling
· 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) 2 flags are needed: one flag per 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
An alternative signaling mechanism, listed in [8], is also considered and the relative merits of the two schemes are presented. Based on that discussion, it is suggested to agree to Proposals 1 and 2 for signaling of UE bandwidth and band combination support. 
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