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1  Introduction
There are at least for different carrier aggregation proposals in RAN4, [1]

 REF _Ref244867204 \r \h 
[2]

 REF _Ref244867207 \r \h 
[2]

 REF _Ref244427241 \r \h 
[4]. This contribution analyses the proposals from different points of view.
2 Analysis
2.1 The proposals

2.1.1 Proposal 1 (Ericsson)
Proposal 1 packs 100 RB release-8 component carriers together with 19 sub carriers in between, with the addition of one small carrier, also of 6, 15, 25, 50 or 75 RB release-8 transmission BW, 6 or 9 or 19 sub carriers away from the last 100 RB carrier if needed.

2.1.2 Proposal 2 (NTT DOCOMO)
Proposal 2 is the same as the proposal 1, with the addition that the small carrier added shall be an extension carrier.
2.1.3 Proposal 3 (Huawei)
Proposal 3 extends the transmission BW of each component carrier to > 100 RB per carrier, for example 108 RB per component carrier. The extra RBs are added directly adjacent to each other. Moreover the 108 carrier has a central part of 100 RB for release-8 transmission. These carriers are then aggregated 4x108 with x sub carriers in-between.
2.1.4 Proposal 4 (Qualcomm)
Proposal 4 associates each component carrier with a release-8 part and a wing segment, per carrier, without signaling. The wing segment RB are adjacent to the release-8 part. Proposal 3, 4x108 RB can be modeled as 4x(rel-8(100RB)+wing segment(4+4)).
2.2 Analysis (complexity, impact on RF and demodulation requirements etc) of different proposals

2.2.1 Proposal 1

	efficiency
	simplicity
	UE/eNB complexity
	Compatibility
	Test complexity

	Several optimal configurations exist for which this proposal is the best fit possible and gives very high utilization:
2x20
38,315 MHz
3x20
56,615 MHz
4x20   74,915 MHz
5x20
93,215 MHz

Lower efficiency of additional small carrier if the additional  component carrier is small due to signaling overhead.

	All carriers are release-8 transmission bw with its own signaling

Dividing in large 100 RB blocks + and additional carrier creates a one-to-one relation between carrier configuration available spectrum
	All components are release-8.
	All carriers are release-8 and all spectrum available to all UE. 

Reuse of release 8 transmission BW for greater compatibility and less RAN4 work
	New test model needed where a release-8 UE camps on a component carrier with other component carrier edges 19, 6 or 3 sub carriers away.


Table 1: Proposal 1
2.2.2 Proposal 2

	efficiency
	simplicity
	UE/eNB complexity
	Compatibility
	Test complexity

	Several optimal configurations exist for which this proposal is the best fit possible and gives very high utilization:
2x20
38,315 MHz
3x20
56,615 MHz
4x20   74,915 MHz
5x20
93,215 MHz

Higher efficiency of additional small since an extension carrier without signaling is used
	Dividing in large 100 RB blocks + and additional carrier creates a one-to-one relation between carrier configuration available spectrum
	UE RX simultaneous decoding of PDCCH and extension carrier data
	Extension carriers not available to release-8 UE.

Reuse of release 8 transmission BW for greater compatibility and less RAN4 work


	New test model needed where a release-8 UE camps on a component carrier with other component carrier edges 19, 6 or 3 sub carriers away.


Table 2: Proposal 2
2.2.3 Proposal 3

	efficiency
	simplicity
	UE/eNB complexity
	Compatibility
	Test complexity

	Maximizes utilization in 80 MHz with 4x108 RB.

For 75 MHz 4x100 RB would be optimal.
	New tx bw introduced to gain 1.6% utilization if 80.0 MHz of contiguous spectrum compared to proposals 1 and 2.
	Ue RX simultaneous decoding of PDCCH and extension carrier data
	A clustering of new release-10 only transmission BW around 100 RB, 104, 106 and 108 RB, for example.

The extra blocks > 100 RB per CC are rel-10 only
	New test model needed where a release-8 UE camps on a component carrier with other component carrier edges ≤ 19 sub carriers away.

New test model needed where a release-8 UE camps on a component carrier  central 100 RB part surrounded by 4+4 RB 15 kHz away from edge of 100 RB block.


Table 3: Proposal 3
2.2.4 Proposal 4

	efficiency
	simplicity
	UE/eNB complexity
	Compatibility
	Test complexity

	Can be used to model the Huawei proposal.
	A multitude of wing segments extension carriers , i.e. 4x108 = 4x(100+ (4+4))
	Ue RX simultaneous decoding of PDCCH and extension carrier data
	The extra blocks > associated with a CC are rel-10 only

A clustering of new release-10 only transmission BW around 100 RB, 104, 106 and 108 RB, for example, if used in this way to implement proposal number 3.
	New test model needed where a release-8 UE camps on a component carrier with other component carrier edges ≤ 19 sub carriers away.

New test model needed where a release-8 UE camps on a component carrier  central 100 RB part surrounded by 4+4 RB 15 kHz away from edge of 100 RB block.


Table 4: Proposal 4
2.3 Association with use cases 
The scarce availability of very large, 80-100 MHz contiguous blocks of precise bandwidth as been analyzed in [5]

 REF _Ref244866918 \r \h 
[6]. They are not readily available.
2.4 Coverage of continuous carrier aggregation 

So far almost all discussion in RAN4 has been related to contiguous carrier aggregation even if non contiguous aggregation corresponds to the majority part of the scenarios in [7]. 
A simple sorting of the scenarios in Table 6 is presented below.
	Contiguous 
	Non-contiguous

	4
	8

	
	Intra
	Inter

	
	5
	3



Table 5: TR 36.815 scenarios per aggregation type

Two-thirds, 8/12, of all cases are non-contiguous and almost 6 of the 8 non-contiguous cases can in fact be realized with non-contiguous aggregation of single carriers, i.e. not needing contiguous aggregation at all.  The non-contiguous use case is an important use case for operators.

	Scenario No.
	Deployment Scenario
	Transmission BWs of LTE-A carriers
	No of LTE-A component carriers
	Bands for LTE-A carriers
	Duplex modes

	1
	Single-band contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Contiguous 2x20 MHz CCs

DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	FDD

	2
	Single-band contiguous  spec. alloc. @ Band 40 for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	TDD

	3
	Single-band contiguous spec. alloc. @ 3.5GHz band for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	3.5 GHz band
	TDD

	4
	Single-band, non-contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Non-contiguous 20 + 20 MHz CCs

DL: Non-contiguous 2x20 + 2x20 MHz CCs
	3.5 GHz band
	FDD

	5
	Single-band non-contiguous  spec. alloc. @ Band 8 for FDD
	UL: 10 MHz

DL: 10 MHz
	UL/DL: Non-contiguous 5 MHz + 5 MHz CCs
	Band 8 (900 MHz)
	FDD

	6
	Single-band non-contiguous  spec. alloc. @ Band 38 for TDD
	80 MHz
	Non-contiguous 2x20 + 2x20 MHz CCs
	Band 38 (2.6 GHz)
	TDD

	7
	Multi-band non-contiguous  spec. alloc. @ Band 1, 3 and 7 for FDD
	UL: 40 MHz

DL: 40 MHz
	UL/DL: Non-contiguous 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7
	Band 3 (1.8 GHz)
Band 1 (2.1 GHz)
Band 7 (2.6 GHz)
	FDD

	8
	Multi-band non-contiguous spec. alloc. @ Band 1 and Band 3 for FDD
	30 MHz
	Non-contiguous 1x15 + 1x15 MHz CCs
	Band 1 (2.1 GHz)

Band 3 (1.8GHz)
	FDD

	9
	Multi-band non-contiguous  spec. alloc. @ 800 MHz band and Band 8 for FDD
	UL: 20 MHz

DL: 20 MHz
	UL/DL: Non-contiguous 10 MHz CC@UHF +    10 MHz CC@Band 8
	800 MHz band
Band 8 (900 MHz)
	FDD

	10
	Multi-band non-contiguous  spec. alloc. @ Band 39, 34, and 40 for TDD
	90 MHz
	Non-contiguous 2x20 + 10 + 2x20 MHz CCs
	Band 39 (1.8GHz)
Band 34 (2.1GHz)
Band 40 (2.3GHz)
	TDD

	11*
	Single-band Contiguous spec. alloc @ Band 7 for FDD
	UL: 20 MHz

DL: 40 MHz
	UL: 1x20 MHz CCs

DL: 2x20 MHz CCs
	Band 7 (2.6 GHz)
	FDD

	12
	Multi-band non-contiguous  spec. alloc. @ Band 7 and the 3.5 GHz range for FDD
	UL: 20 MHz

DL: 60 MHz
	UL/DL: 20 MHz CCs @ Band 7

DL : Non- contiguous  20 + 20  MHz CCs @ 3.5 GHz band
	Band 7 (2.6 GHz)

3.5 GHz band
	FDD


Table 6: TR 36.815 scenario table
3 Conclusion
The 4 different contiguous carrier aggregation proposals are analyzed and compared. Their relevance when it comes to operator use cases have to be compared to the non-contiguous case, which constitutes the majority of the scenarios.
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