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1 Introduction
How to deal with new WID for inter-band CA combinations in RAN4 given its current work load?

The discussions on inter-band CA combinations started in January 2010 at RAN4#53AH, and it was clear from the start that all combinations proposed by operators could not be finalized within the Rel-10 timeframe. The proposed resolution after continued discussions during subsequent meetings was to study one “generic” combination within the Rel-10 timeframe,
· Band 1 + Band 5 with one uplink active,
that would not favour any particular ITU-R region nor operator, whereas more realistic combinations would be introduced into Rel-11 specification but could be implemented in Rel-10 in a release independent manner. Now this is history, and the work on the generic combination is still not complete – it has just started. 

2 Grouping band combinations not only according to frequency separation

One problem is that there is not yet any routine established for studying E-UTRA inter-band combinations, although this could leverage on those already specified for UTRA to some extent. A routine could be established by creating sets of band combinations with specific technical characteristics, using the frequency separation as a starting point, 

· low-high combinations with harmonic relations between constituent bands (transmitter harmonics)

· low-high combinations without harmonic relation

· low-low or high-high combinations with intermodulation problems, particularly if a combination involves a band with swapped duplex direction

· low-low and high-high combinations without intermodulation problems

For the receiver requirements this involves, for example,

· specification of reference sensitivity with one or two uplinks, and the case with harmonics

· specification of ACS and blocking requirements for band combinations with large separation implemented with two radio chains, and combinations with small frequency separations (or intra-band non-contiguous allocation)

The issue is not only what “number” should be used for the specific requirement of a given combination, but rather that the actual way of specifying the above cases is not known, the methodology for treating e.g. reference sensitivity in the presence of harmonic products. This could be a suitable starting point! Once this is known for the groups above, we have a routine and existing and new band combinations can be added into the relevant group and specified more readily. Inevitably, some band combinations are easier than in terms of technical challenges and can be finished earlier.
The issue of the “number” should of course not be neglected as the much-debated issue of additional insertion loss clearly shows, but there is also a question of methodology here, either

1. specify generic rules for all band combinations given the frequency separation, this necessarily leads to a rather course granularity,

2. or specify a finer granularity, but this needs case-by-case study, longer time is needed to but a more technically relevant specification.
3 Region by region

A technically more relevant specification of the insertion loss should also account for

· other bands supported by the UE

· that the reference sensitivity requirements for some operating bands are more challenging than others.

The first item is almost hopeless, but looking at the regions in which a certain band combination is intended could give some insight recognising that the carrier aggregation feature is perhaps most relevant in the home network, not for international roaming. Most combinations proposed thus far are region-specific: there are few operating band that would allow global roaming on E-UTRA, and corresponding harmonised combinations are not in sight.

Looking at a likely set of bands for a certain region would at least allow a discussion of the use of more than one combination in a UE. Next we take a look at the bands that are likely to be supported for some of the ongoing work items – note that these are just examples.
3.1 Band 3 + 7 (Region 1)
A UE supporting the combination Band 3 + Band 7 is likely support other bands applicable for Region 1 such as

· Band 20

· Band 8

· Band 3

· Band 1

· Band 7

and 

· Band 2 and Band 5 for roaming in Region 2. Band 1 allows roaming in Region 3.

The band 3 + 7 combination of two high-frequency bands needs a quadplexer solution or a dedicated diplexer for 3 + 7, which implies a higher front-end insertion loss. Band 1 + Band 8 for DB-DC-HSDPA may also be supported.

3.2 Band 13 + 4 or 17 + 4 (Region 2)
A UE supporting the combination Band 13/Band 17 + Band 4 is likely support other bands applicable for Region 2 such as

· Band 13 or Band 17
· Band 5

· Band 4

· Band 2

and 

· Band 1 and Band 8 for roaming

Support of Band 2 + Band 4 in addition using a quadplexer for support of DB-DC_HSDPA may affect the insertion loss for Band 4 if an architecture with a diplexer separating and combining low- and high-frequency band is assumed (see e.g. [1]).
Looking at the effect of insertion loss, Band 13 and Band 17 already have tight requirements due to transmitter noise and an additional insertion loss is motivated if the Band 13/Band 17 + Band 4 combination is supported. However, for Band 5 the margins are larger and the required additional loss for this band, if combined, would be smaller or none.
4 Where to start?

From a time plan, and indeed also deployment perspective considering the current traffic patterns, it appears reasonable to focus the initial work on the case for one uplink, and consider two uplinks in a later stage as suggested for the agreed but halted work items. This does not mean that certain aspects for two uplinks, e.g. specification of the configured maximum output power, could be covered earlier for generality. Only one component carrier per operating band should be specified initially. 
5 Technical aspects covered by selected inter-band scenarios

The band combinations chosen (constituent bands) should have been identified by operators for early LTE deployment; this is the case for the ongoing Rel-11 WI

The technical issues associated with a particular combination also depend on the remaining bands supported by a UE, which is often specific to a certain ITU-R region. Now looking at the ongoing work items, we note that

a) Band 17 + Band 4 (Region 2) is a case where transmitter harmonics appear in the upper receive band (bands harmonically related)
b) Band 13 + Band 4 (Region 2) or Band 19 + Band 1 (Region 3)are cases without the harmonics problem

c) Band 13 + Band 5 is a case with intermodulation problems in the UE

d) Band 12 + Band 5 is a case without intermodulation problems

e) Band 3 + Band 7 (Region 1) is a high-high combination with challenging duplexers, and may also have to support Band 8 + Band 1 for DC-BC-HSDPA

f) Band 38 + Band 40 (Region 3 and possibly also Region 1 in the future) with one component carrier per band is more straightforward to specify since no transmitter noise is present if the same U/D configuration is used 
Band 13 + Band 4 (Region 2) or Band 19 + Band 1 (Region 3) belong to the same group from a technical specification perspective (methodology): no need to treat the case in which transmitter harmonics products fall into the upper receive band. However, for specifying the actual additional insertion loss one needs to look at the other bands supported for the specific regions. Taking ‘MediaFLO’ + Band 4 as another example, assuming the ‘MediaFLO’ band is used for CA only, there are no harmonics problems and belong to the same group and region as Band 13 + Band 4. 
6 Release independence

Establishing groups or set of combinations with specific technical challenges to create a routine (specification methodology) rests on the fact that later combinations introduced as operator deployment plans develop can be introduced in a release independent manner, hence RAN4 should

· make sure that the RAN4 RRM requirements are specified such that new band combinations can be introduced in a release independent manner, at least from Rel-11 onwards if not already from Rel-10

· align with RAN2 so that the necessary signaling is in place
In particular, it is possible to include 2 UL Rel-10 from a signalling perspective.
The mapping of a combination to a specific region is more intended for the determination of the additional insertion loss in case a general coarse rule is not used.
7 To sum up
In terms of a specification methodology for inter-band combinations, a routine could be established by creating sets of band combinations with specific technical characteristics, not only using the frequency separation as a qualifier. Once a routine is established, new combinations can be added more readily by means of release independence. We note that four band combinations for DB-HSDPA were studied in a relatively short time frame once the first combination was specified, which is promising since a prioritization in terms of actual operator deployment plans is more challenging within 3GPP.

In terms of the insertion loss, and possibly also for covering the support of multiple combinations, each combination could be mapped to its ITU-R Region with an assumption of a set of supported bands in addition to the combination. This suggests a specification of the insertion loss on a case-by-case basis. If generic values are used for insertion loss, then a coarser granularity is needed but work can be expedited more quickly. A finer granularity needs the case-by-case study, but the specification may be more relevant.

A staring point is to determine the characteristics of each group and to decide what needs to be covered in the 3GPP specification. Is there a need to specify all combinations of sensitivity requirements with the transmitter in the lower and higher band, for example? 
































































































































































































































































































































































