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1 Introduction
At the last RAN2 meeting, several companies expressed concerns regarding UE band capability signalling design for 4C-HSDPA in [1] [2] [3] [4] [5]. Although no final agreement has been reached, general principles were agreed that the signalling design shall aim to be backward/forward compatible and minimize the number of bits.
In this contribution, we further discuss the signalling aspects of UE band capability and compare different alternatives.
2 Band combination scenarios in RAN4
Given that testing all possible band combination scenarios requires considerable effort in RAN4, a list of highest priority band combination scenarios were suggested by TSN RAN in [6] (as shown in the Table 1 below):

Table 1 list of band combination scenarios with priority#1

	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


The band combination scenarios that UE supports are release independent.
3 Alternative signalling designs
As discussed in the last RAN2 meeting, mainly there are two alternative signalling designed schemes, as follow.
3.1 AL 1: Reuse the existing Rel-9 band combination table
Signalling design for single band
According to the current spec, the UE could signal all the bands it supports in IE “Frequency band specific capability list” in IE "UE radio access capability extension". For a DC-HSDPA capable UE in Rel-8, this implies that the UE is capable of DC-HSDPA operation in all the bands that it supports. 
As indicated in section 2, a 4C-HSDPA capable UE may only support 4C-HSDPA operation in one particular band (out of all the bands supported). In addition, a 4C-HSDPA capable UE may support a bandwidth of 20MHZ in one band while only supporting a bandwidth of 10MHz in another, even though the maximum bandwidth that UE supports is 20MHz according to its category info. For the sake of backward compatibility, the IE “Frequency band specific capability list” could be extended so as to carry all the necessary information, as shown in Table 2 below.
Table 2 extension to the IE “Frequency band specific capability list”
	Information Element
	Description

	Frequency band specific capability list
	

	>Frequency band 
	

	>Frequency band2
	

	> maximum channel bandwidth supported
	Value range (10MHz, 15MHz, 20MHz): the maximum channel bandwidth supported on this frequency band.

	> […]
	


Signalling design for dual band
According to the current spec, the UE could signal all the band combinations it supports in IE “Radio Access Capability Band Combination List”. This IE was original designed for DB DC-HSDPA and for the sake of backward compatibility it could be reused for 4C-HSDPA over two bands.
As shown in Table 3 below, the IE “Radio Access Capability Band Combination List” is extended for 4C-HSDPA over two bands. In order to address the band combination scenarios listed in Table 1 as well as further band combination scenarios proposed by RAN4, a new IE “Supported band combination scenarios” is introduced for each entry of the Band Combination List. In this new IE “Supported band combination scenarios”, the UE shall report all its supported band combination scenarios. For example, UE could report (1, 2) and (2, 1) for the band combination of Band II/Band IV. It is not necessary for the UE to report (3, 1) and (2, 1) together, because (3, 1) would be transferred to (2, 1) in case one carrier in the primary band is deactivated. Similar cases are (1, 3)/(1, 2), (2, 2)/(2, 1) and (2, 2)/(1, 2).
Table 3 extension to the IE “Radio Access Capability Band Combination List”
	Information Element
	Description

	Radio Access Capability Band Combination List
	

	>Band Combination 
	

	>>Supported band combination scenarios
	Sequence: 1~3.
Value range ((3, 1), (1, 3), (2, 2), (2, 1), (1, 2)): all the band combination scenarios that UE supports.


3.2 AL 2: Indicate the supported scenarios in a new table
As proposed in [2] and [5], introduction of a new table that contains a list of indices to the Table 1 above (the Table 1 will be further extended in spec 25.101) specifying the UE supported band combination scenarios. 64 supported band combination scenarios out of a possible 256 are allowed to be signalled to the NW, as follow:
Radio Access Capability 4C-HSDPA Scenario List (OP) 1 to 64

>4C-HSDPA Scenario (MP) Integer (1...256)
In order to eliminate signalling redundancies, there can be optimizations [5] on only listing the superset of a number of combinations for a particular band combination, for example, only listing the scenario 3 other than scenario 3&5 if UE supports both of them.
4 Comparison

The two alternatives are compared in terms of number of bits, backward compatibility and forward compatibility respectively, as follows:

Number of bits
Alternative 1 outperforms alternative 2, for example, in order to signal a supported band combination scenario to the NW, alternative 1 require 3 bits, while alternative 2 require 8 bits.
Backward compatibility

Alternative 2 is not backward compatible with the existing Rel-9 IE “Radio Access Capability Band Combination List”.
Forward compatibility

As pointed in [3], the alternative 2 is not scalable, and there is a risk that the maximum of 256 possible band combination scenarios maybe not enough in the foreseeable future, given the increasing frequency bands to be deployed in the field.
The supported band combination scenarios are release independent, in case UE and NW are of different versions (e.g. the band combination scenarios table maintained by NW is older than that of UE), in order to guarantee that NW could recognise its supported scenarios and do the appropriate configurations, the alternative 2 will require UE to signal all its supported scenarios for one particular band combination, that is to say, the optimization mentioned in section 3.2 for redundancy elimination is not applicable at all. The worst case is that a high end UE needs to signal all of (2,1), (1,2), (1,3), (3,1) and (2,2) for one particular band combination to the NW, which significantly increases the signalling bits.
In addition, the alternative 2 will impact the readability of the band combination scenarios table in spec 25.101, because new entries will be added at the very end of the table therefore all the scenarios for one particular band combination will not be well organized, given that they may not be added together at the same time.
5 Signalling for DC-HSUPA
For a DC-HSUPA capable UE, there were some discussions in the last meeting regarding whether the UE needs to signal the support of DC-HSUPA for each of the band combination scenario. The concern is that for 4C-HSDPA the minimum separation between the configured downlink and uplink carriers may become smaller than the nominal frequency separation, and the downlink reception may be impacted by the leakage from the uplink transmission. Therefore, the UE capability of supporting DC-HSUPA is dependent on the number of carriers configured on the downlink. For this issue, we prefer to leave this responsibility to the NW, given that such a restriction will be specified in RAN4 specs and NW will know which downlink configuration is not realistic to deploy DC-HSUPA, just like what we have done in Rel-9.
There was one additional concern that the DC-HSUPA performance may not be IoTed for all the supported band combination scenarios by one 4C-HSDPA UE, and the introduction of such signaling will reduce the testing time as selective test could be performed. We do understand this concern, however we think the maintenance of a limited number of options is also needed so as to facilitate the deployment, and one example is that a MIMO/DC capable UE is already required to support MIMO/DC on all the bands that it supports. For the 4C-HSDPA UEs in the field, it could imagine that most of them will only support a few bands simultaneously, therefore the testing effort for DC-HSUPA is acceptable.
6 Conclusion
From the comparison results in section 4, it could be concluded that the alternative 1 outperforms the alternative 2 from the aspects of number of bits, backward compatibility and forward compatibility respectively. Therefore RAN2 is kindly asked to discuss and agree on the following proposals regarding the signalling aspects of UE band capability for 4C-HSDPA.
Proposal: Adopt the signalling design for 4C-HSDPA over one band as shown in Table 2, as well as the signalling design for 4C-HSDPA over two bands as shown in Table 3.
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