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1. Introduction

In [1] presented at RAN4 Ad Hoc 2010 #1, a proposed list of LTE-A carrier aggregation deployment scenarios was provided by a number of operators.  This list describes the set of CA scenarios that the operators would like first evaluated in the Release 10 timeframe and is to be finalized at RAN #47.  This contribution represents an initial consideration of the RF feasibility of the proposed CA scenarios. 
2. Discussion

The list of CA scenarios proposed in [1] is reproduced below for convenience.
	CA scenario number
	Type
	Duplex
	Description

	1
	Intra-band Contiguous
	FDD
	UL:  40 MHz

DL:  40 MHz

Band 3

	2
	Intra-band Contiguous
	TDD
	UL: 50 MHz

DL: 50 MHz

Band 40

	3
	Inter-band Non-contiguous
	FDD
	UL:  40 MHz

DL:  40 MHz

20 MHz CC (Band 7) + 20 MHz CC (Band 20)

	4
	Inter-band Non-contiguous
	FDD
	UL:  40 MHz

DL:  40 MHz

20 MHz CC (Band 3) + 20 MHz CC (Band 20)

	5
	Inter-band Non-contiguous
	FDD
	UL:  40 MHz

DL:  40 MHz

20 MHz CC (Band 7) + 20 MHz CC (Band 3)

	6
	Inter-band Non-contiguous
	FDD
	UL:  20 MHz

DL:  20 MHz

10 MHz CC (Band 5) + 10 MHz CC (Band 12)

	7
	Inter-band Non-contiguous
	FDD
	UL:  10 MHz

DL:  10 MHz

5 MHz CC (Band 17) + 5 MHz CC (Band 4)

	8
	TBD
	TBD
	TBD

	9
	Inter-band Non-contiguous
	FDD
	UL:  20 MHz

DL:  20 MHz

10 MHz CC (Band 1) + 10 MHz CC (Band 18/19)

	10
	Inter-band Non-contiguous
	TDD
	UL:  40 MHz
DL:  40 MHz

20 MHz CC (Band 38) + 20 MHz CC (Band 40)


RF Architecture Assumptions
For the purpose of this analysis, we assume an RF architecture consisting of independent transmit and receive chains for each band in the inter-band CA scenarios.  Since the suggested scenarios consist of at most two bands (i.e., there are no three-band combination), we assume an architecture with two distinct RF chains; i.e., one for each band.  Furthermore, to support uplink and downlink MIMO, each band may actually require two complete Tx/Rx chains.  Thus, to support 2x2 UL and DL MIMO on two bands requires 4 full RF chains.  Between bands, there are a few ways in which the RF chains can be joined.  Assuming the desire to share a single antenna between bands and assuming that the antenna response is suitably wideband, the two RF chains can be joined by a diplexer if the bands are sufficiently separated, or by a quadruplexer if they are not.  In some situations, neither of these alternatives may be feasible.  For the intra-band contiguous case, it is desirable to be able to capture the entire aggregated bandwidth with as few RF chains as possible.  The limiting factor, of course, is the total amount of aggregated bandwidth and the bandwidth of the A-to-D converter in the receiver.  
CA Scenarios

In this section, we consider each proposed CA scenario one-by-one with the assumptions of the previous section in mind.

Scenario 1

Band 3 is already a challenging band by itself without the additional requirements imposed by carrier aggregation.  This fact has been recognized by RAN4 and is reflected in the relaxed reference sensitivity requirement in [2] for this band.  By aggregating two 20 MHz carriers together, the Tx ACLR emissions will be broader reaching and the negative impact on reference sensitivity will be significant.  Since the total aggregated bandwidth is 40 MHz, it is anticipated that this scenario can be supported by a single RF chain.
Scenario 2

Since the aggregated bandwidth for this scenario is 50 MHz contiguous, it is not expected to be feasible to capture this within a single RF chain.  Thus, at least two RF chains will be required for the receive path.  It may be possible, however, to utilize only a single RF chain with single PA for the transmit path.  Coexistence should be maintained by ensuring adequate filter attenuation with this wider ACLR footprint.  Because the receive path requires two RF chains, a potential problem exists in the coupling of the two closely spaced LO frequencies and the resulting phase noise.   Since this is a TDD band, the problems associated with self-desense are not present.

Scenario 3

Band 20 is already a challenging band by itself for wider bandwidths and its performance requirements have not been fully established yet.  The separation between Band 20 and Band 7 permits the use of a diplexer to join the two RF chains.
Scenario 4

Both Bands 3 and 20 are challenging bands by themselves.  The two bands are sufficiently separated such that a diplexer can be used to join them, but the insertion loss in each carrier due to its own duplexer and the shared diplexer should be taken into account.  The second harmonic of the transmitter from Band 20 coincides with the UL of Band 3; however, there should be enough suppression to avoid undue problems.
Scenario 5

Both Bands 3 and 7 are challenging bands by themselves.  Furthermore, because of their relatively close spacing, a quadruplexer is likely to be required to join the RF chains.
Scenario 6

Both Bands 5 and 12 are challenging bands by themselves.  Furthermore, the frequency separation between these two bands is not large enough to be able to join the two bands with a diplexer.  Thus, a quadruplexer will be required to support this combination to specifically provide in-band and cross-band isolation.  Since the individual duplexers are already somewhat challenging to build for these bands, it is anticipated that the quadruplexer design will also be challenging so that the available isolation may be limited and the required insertion loss may be large.   

Scenario 7

The separation between bands 17 and 4 is sufficient to allow a diplexer implementation.  However, the 3rd harmonic of the uplink from band 17 falls into the downlink of band 4.  Desense of band 4 can be expected.
Scenario 8

TBD

Scenario 9

The separation between bands 1 and 18 or 19 is sufficient to allow a diplexer implementation.

Scenario 10

Scenario 10 proposes the aggregation of two TDD bands.  Thus, there are no issues related to self-desense assuming that the two carriers are synchronized in time at the UE.  Because each band is supported by a separate RF chain, there is not expected to be any emissions issues arising from aggregating these two carriers.

3. Conclusion

We have provided a preliminary feasibility assessment of the operator proposed carrier aggregation scenarios. 
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