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1 Introduction

A new work item of non-contiguous 4C-HSDPA operation was agreed at RAN#51 meeting, see [2], the objectives of this WI are:
· Study the feasibility of supporting 4-carrier HSDPA operation for two non-adjacent blocks of carriers within a single band with the following assumptions

· At most two UE receivers are assumed

· The total bandwidth per block does not exceed 15 MHz

· The carriers within the blocks are contiguous

· The total number of aggregated carriers does not exceed 4
· Based on the outcome of the feasibility analysis, specify 

· UE core requirements for non-contiguous 4-carrier HSDPA operation

· BS core requirements reusing MSR non-contiguous core requirements for non-contiguous 4-carrier HSDPA operation
· Note that it is expected that the existing signaling introduced in the context of 4C-HSDPA can be used to support the selected band combinations 

RAN4 should initially study the feasibility of supporting operation of non-adjacent carriers with the assumptions above, and provide a recommendation on the continuation to RAN#53. 

At RAN2#73bis meeting, it was agreed that:
1. Support of non-adjacent aggregation on >1 band is out of the scope of this discussion

2. Signalling of non-adjacent capability is sent per band for single band operation
In this contribution, we are providing a further discussion of the signaling of non-contiguous 4C-HSDPA operation.

2 Discussion
From the network point of view, the design of the signaling should be done in a way that the signaling does not indicate the hardware design or other specific characteristic of the UE implementation. Signaling based on hardware design or UE implementation will not be forward compatible since hardware and UE implementations evolve all the time. It is very likely that UEs will share the same hardware platform for LTE and WCDMA, and LTE will drive considerable hardware changes in the near future.

Indicating whether the UE implements one or two receivers does not provide meaningful information to the network. Different receivers may have very diverse characteristics such as the bandwidth, or number and quality of the filters. For example, 8C HSDPA will require UEs to considerably increase the bandwidth of the receivers and/or the number of receivers. For the network, whether the UE implements a large bandwidth receiver or the UE has several receivers, it is transparent. The network is only interested in whether the UE supports the capability or it does not support it.

This may lead to the conclusion that the optimal signaling for the network is reduced to the indication of the support (or no support) of non-contiguous 4C. This would imply the support of any possible combination.
On the other hand, we understand that some UEs may consider supporting a subset of features which could potentially give some room to support a limited number of scenarios of non-contiguous frequencies. We can also acknowledge that the support of non-contiguous 4C may be demanding from RAN4 point of view and some scenarios could derive in a non-negligible implementation impact.

Based on the discussion above, the resulting signaling should only indicate feature capabilities and should be as minimal as possible. We think that the following three capabilities are sufficient to indicate different scenarios:

a) Support of 2C, 3C and/or 4C aggregated frequencies
Reusing the current signaling and naming conventions, a1 means the UE is a non dual band UE and supports 3 aggregated frequencies in one band, and a2 means that the UE is a non dual band UE and supports 4 aggregated frequencies in one band. Support for the Symmetric or Asymmetric blocks, where the symmetric blocks are two blocks contain same number of contiguous cells, asymmetric blocks are two blocks contain different numbers of contiguous cells. 
b) Number of gaps between blocks
A gap span bandwidth is 5MHz wide.
A block is a set of contiguous frequencies. The maximum number of contiguous frequencies is 3, as described in [2].
The possible number of gaps to be signaled is: 1, 2, >3

Figure 1 gives an example of what the UE supports considering the different signaling. Note that the signaling separates 
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Figure 1

Alternatively, the signaling can include an additional bit to indicate whether the two blocks share the same bandwidth span or not. In other words, the bit indicates whether the number of frequencies in a block is even or odd. This may be useful for 4 carriers when there may be two blocks of 10 MHz or one block of 5 MHz and another of 15 MHz.

Figure 2 depicts all the possible scenarios which the signaling allows. Note that the symbol ‘*’ separates the. symmetric and asymmetric scenarios.
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Figure 2

This type of signaling aims to group different scenarios which may have similar requirements or may be equally challenging for the UE. RAN4 can later decide whether specific configurations are not allowed or should be avoided. We believe that this signaling provides sufficient flexibility to allow different UE implementations.
We can also foresee that UEs may support different scenarios at a time; hence, the signaling cannot pre-empt the UE to indicate the support of more than one scenario. Otherwise, a UE supporting a specific scenario will only use its capability in the specific area or areas in which the operator own a set of frequencies configured such that the UE can make use of its capabilities. We think it is very important for the network and operators that the UE can signal all the possible scenarios which the UE can support. This implies that the UE should be able to signal each and every of the 12 different scenarios depicted in Figure 2.
Yet, it is reasonable to think that a UE which has been designed to support more demanding requirement, does support configurations which are less demanding. For example, a UE which supports (4C,2), is likely to support the configurations (4C,1), (3C,1), and (2C,1). This assumption also provides flexibility for the network as well as for operators to manage their frequencies in different ways. For instance, an operator which owns 3 frequencies such as two of them are contiguous and there are two gaps in between the blocks i.e. (3C, 2), may decide to configure only (2C, 2) for load balancing purposes. In another situation, some operators may own a set of frequencies such as (4C, 2) in one area but (2C, 2) in another area. It would be preferable that if the UE supports the former configuration, it inherently supports the later i.e. (2C, 2).

Based on the assumption mentioned above, the 12 scenarios described in Figure 2 can be grouped into 3 groups. 
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Figure 3

The UE has to signal only one of the scenarios and, implicitly, it will indicate the support of the subset of scenarios which belong to the same group (see Figure 3). At most, the UE will signal 3 different scenarios. 

The resulting signaling is:

For 1 to (maximum number of combinations):

a) Aggregated carriers/frequencies – Optional, Enumerated: a1, a2, spare1, spare2
b) Number of gaps – Optional, Enumerated: 1, 2, >2
c) Symmetric blocks  - Optional, Enumerated: TRUE

The value of “maximum number of combinations” is 4 due to the indication of the 4 different cases for non-contiguous 4C and the possible indication of the support of contiguous 3C or 4C operation.

spare1, and spare2 could be used to extend this feature to 6C and 8C in future releases.

The following rules apply:
	
	Aggregated cells/carriers/frequencies

	
	Absent
	Present

	
	
	a1
	a2

	Number of gaps
	Absent
	No support of multi-cell HSDPA on three cells or four cells and non-contiguous multi-cell HSDPA
	Support of multi-cell HSDPA operation on three cells
	Support of multi-cell HSDPA operation on four cells

	
	Present
	Support of non-contiguous multi-cell HSDPA on two cells only
	Support of non-contiguous multi-cell HSDPA on three cells
	Support of non-contiguous multi-cell HSDPA on four cells.


If “symmetric blocks” is only valid for 4C and it is set to TRUE if the UE supports 4C so that each block can have at same number of  frequencies.

Proposal 1 Non-contiguous 4C signaling should be able to indicate the support of different combinations. Therefore a list is needed.

Proposal 2 Each combination should include: number of aggregated carriers, the number of gaps, and a symmetry indication.

Proposal 3 The support of a certain combination implies the support of the subset of combinations which have both equal or less number of aggregated carriers and equal or less number of gaps.
Proposal 4 Agree on the signaling presented in this contribution. CR is presented in [1].
3 Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
Non-contiguous 4C signaling should be able to indicate the support of different combinations. Therefore a list is needed.
Proposal 2
Each combination should include: number of aggregated carriers, the number of gaps, and a symmetry indication.
Proposal 3
The support of a certain combination implies the support of the subset of combinations which have both equal or less number of aggregated carriers, and equal or less number of gaps.
[1]Proposal 4
Agree on the signaling presented in this contribution. CR is presented in .
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