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1. Introduction
In [1] and [2] at RAN2#73 in Taipei, the discussion about possible Rel-10 non-adjacent aggregation was kicked off, and consensus was achieved that the capability signaling for non-adjacent aggregation shall be supported in Rel-10 to allow some flexibility, and gap will be signaled per band, gap size can be 5/10MHz…
In [3] at RAN#51 plenary, the new Rel-11 WI “Non-contiguous 4C-HSDPA operation” was approved with following objectives:

· 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
 ……
Before RAN4 initiates the feasibility study with the assumptions above, we wanna provide some preliminary thoughts on the aspect of non-adjacent aggregation capability signalling for multi-carriers HSDPA.
2. Discussions
First of all, let’s list out some facts for non-adjacent aggregation that may be derived from specs. today, so that we may have clearer way forward for Rel-10 and beyond.

· Pre Rel-10 NW/UE is not specified for intra-band non-adjacent aggregation operation so far, regardless of UE being DC capable of DB capable.
· As 3 or 4 cells intra-band adjacent aggregation can generate holes/gaps in single band from deactivation, although not explicitly specified, Rel-10 NW/UE is actually capable of intra-band non-adjacent aggregation as long as NW/UE can support more than two cells intra-band adjacent aggregation.

· As 2 cells intra-band adjacent aggregation can not generate holes/gaps in single band from deactivation,
it should not be clear yet whether Rel-10 UE is capable of intra-band non-adjacent aggregation, if it can support maximum two cells intra-band adjacent aggregation.
· As 4C can not generate holes/gaps in dual bands simultaneously from deactivation, it means Rel-10 UE is possible to handle the case at least where holes/gaps occur in single band. However, it should not be clear yet whether Rel-10 NW/UE is possible to handle the case where holes/gaps occur in dual bands simultaneously.

· As 4C can not generate non-adjacent holes/gaps in single band from deactivation, either 5M standalone gap or 10M adjacent gaps, it means Rel-10 UE is possible to handle the case at least where holes/gaps occur adjacently in single band. However, it should not be clear yet whether Rel-10 NW/UE is possible to handle the case where non-adjacent holes/gaps occur in single band.
· If Rel-10 introduces very basic function for non-adjacent aggregation and its associated capability signalling, the scheme had better be consistently applied and easily extendable for potential non-adjacent 8C-HSDPA in future, which may display more diversified gap patterns.
During extensive discussions in the 4C-HSDPA context, it has been acknowledged by RAN4 that UE can cope with non-adjacent aggregation when the gaps come from the deactivation of secondary carriers, which implies the gap size in single band can reach 10M maximum. To our understanding, such capability should be mandatory for 4C-HSDPA capable UE, which can support more than two cells intra-band adjacent aggregation on per band basis. If not, inconsistency issue may occur. E.g. UE indicates it can aggregate [f1, f2, f3] adjacently, but can’t aggregate [f1, gap, f3] non-adjacently. Although RNC can always make correct configurations, but NB can't be prevented from deactivating f2 unless it is informed by RNC explicitly. Hence it’s better to mandate that capability on per band basis to avoid potential inconsistency. In contrast, for 4C-HSDPA capable UE, which can support maximum two cells intra-band adjacent aggregation, that capability can be specified as optional on per band basis.
Proposal 1: To determine on per band basis: non-adjacent aggregation capability is mandatory for 4C-HSDPA UE, which can support more than two cells intra-band adjacent aggregation, but optional for 4C-HSDPA UE, which can support maximum two cells intra-band adjacent aggregation. 
For 4C-HSDPA UE, which is capable of non-adjacent aggregation, either mandatory or optionally, and/or either with 10M gap and 5M gap, there is no explicit text specifying that RNC can configure the non-adjacent aggregation. To allow more flexibility, it’s better to specify that explicitly.

Proposal 2: To specify that RNC can configure non-adjacent aggregation and gap size is up to the UE’s capability for that.
In 4C-HSDPA context, it has not been well distinguished between the number of carriers for aggregation and the allowed bandwidth for aggregation. As in the context of adjacent aggregation, they are equivalent. However, in the context of non-adjacent aggregation, they are different due to gaps inside. To be more strictly, a 4C-HSDPA UE that can perform adjacent aggregation for maximum 4 carriers in single band, can only imply that it can aggregate at least 20M bandwidth in that band. When more gap pattern comes, the UE may not be able to aggregate bandwidth beyond its limit. Let’s focus on the proposed signalling scheme in [2], which aims to indicate UE’s basic intra-band aggregation capability as below: 

	>Additional Secondary Cells
	OP
	
	Enumuerated(a1, a2)
	The number of additional secondary serving cells supported by the UE. The absence of this IE  means that the UE does not support multi-cell operation on three cells or multi-cell operation on four cells.
	REL-10

	>Support for non-adjacent aggregation
	OP
	
	Integer(1,2)
	This IE indicates the maximum number of  non configured cells between two configured cells . The absence of this IE means that the UE only supports adjacent aggregated cells within this frequency band.
	REL-10


We agree that it’s necessary to introduce an optional flag on per band basis there, to indicate the gap size for non-adjacent aggregation. However, its semantic description may not be suitable. E.g., let’s forget operator’s real frequency deployment firstly, in the case where UE indicates “a2” in “Additional Secondary Cells” and “2” in “Support for non-adjacent aggregation”, it may lead to two extreme interpretations by RNC as below:

1: UE can aggregate [f1, gap, gap, f4, gap, gap, f7, gap, gap, f10] in that band, where the aggregation bandwidth amounts to 50M maximum.

2: UE can aggregate [f1, gap, gap, f4] in that band, where the aggregation bandwidth amounts to 20M maximum. 

Although in the 4C-HSDPA context, RNC may always choose the second interpretation, so configure UE with [f1, gap, gap, f4] or [f1, gap, f3, f4], with non-adjacent aggregation bandwidth never exceeding 20M. However, for 8C-HSDPA context in future, where there might be non-adjacent frequency resources spanning more than 20M available for use, it should not be clear yet whether the legacy 4C-HSDPA UE is allowed to perform non-adjacent aggregation with bandwidth exceeding 20M. To be always on safe side, RNC may still configure UE with 20M non-adjacent bandwidth, which surely restricts the configuration flexibility. As another workaround, UE’s aggregation bandwidth capability had better be introduced, to enable RNC having better view of possible non-adjacent configurations for UE. 

Proposal 3: To decide whether the number of carriers for aggregation and the allowed bandwidth for aggregation need to be clarified.
Although the new WI in [3] focuses only on the simplified scenario: two non-adjacent blocks of carriers within a single band, and each block is contiguous, which shall definitely reduce RAN4’s workload in Rel-11 timeframe. However, from non-adjacent aggregation capability signalling point of view in RAN2, we believe such capability signalling had better be designed in forward extendable way. Hence we should be more careful when designing such capability signalling for 4C-HSDPA, which is supposed to tackle more complicated non-adjacent aggregation scenarios in future.
Proposal 4:  To design forward extendable signalling for non-adjacent aggregation capability for 4C-HSDPA today and beyond. 

Finally, as discussed in the context of “valid carrier combination for 4C-HSDPA”, RAN4 has acknowledged that for certain kind of 4C-HSDPA capable UE, it is possible to support (3+1) and (1+3), but not (2+2). This conclusion reflects the possibility that for dual band multi-carrier aggregation, the capability of individual RF module/receiver for each band may not approach its limit when they are working simultaneously. If we shed mimic consideration on non-adjacent aggregation, we may need to specify dual band non-adjacent aggregation capability in addition to intra-band non-adjacent aggregation capability. Although dual band non-adjacent aggregation is unlikely in 4C-HSDPA context and also outside the WI’s objectives, it may be worthy for RAN4 to take it into account in parallel, as we shall definitely face the issue in the context of 8C-HSDPA.

Proposal 5:  To ask RAN4 to verify whether dual band non-adjacent aggregation capability needs to be specified.
3. Conclusions
RAN2 is kindly asked to consider following proposals regarding non-adjacent aggregation for multi-carriers HSDPA:
Proposal 1: To determine on per band basis: non-adjacent aggregation capability is mandatory for 4C-HSDPA UE, which can support more than two cells intra-band adjacent aggregation, but optional for 4C-HSDPA UE, which can support maximum two cells intra-band adjacent aggregation. 
Proposal 2: To specify that RNC can configure non-adjacent aggregation and gap size is up to the UE’s capability for that.
Proposal 3: To decide whether the number of carriers for aggregation and the allowed bandwidth for aggregation need to be clarified.
Proposal 4:  To design forward extendable signalling for non-adjacent aggregation capability for 4C-HSDPA today and beyond. 

Proposal 5:  To ask RAN4 to verify whether dual band non-adjacent aggregation capability needs to be specified.
4. References
[1] R2-110924
Support for non-adjacent carriers in 4C-HSDPA
Telecom Italia
Disc
[2]
R2-111368
Support for non-adjacent carriers in 4C-HSDPA
Telecom Italia
CR
25.331 
[3] RP-110416   Non-contiguous 4C-HSDPA operation Ericsson new Rel-11 WI.
[4] RP-110459   LS on Rel-10 UE capabilities TSG-RAN







































3GPP


