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1  Introduction
In response to the RAN1 LS in [1] on the carrier aggregation to enable the use of wider bandwidths in LTE advanced, a number of contributions have been presented [2], [3]. 

In this paper we analyze carrier aggregation using more than 100 RB per component carrier (CC) and express our views on a number of issues.  
2 Backwards compatibility with release 8 Channel Bandwidth
The 3GPP TR [4], section 5, Support of wider bandwidth states that: 

“A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:

•
An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers.

•
An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.

o
It shall be possible to configure all component carriers LTE Release 8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded”.
The 3GPP TS [5] section 5.6 Channel Bandwidth specifies Release-8 is in terms of allocated RB (transmission bandwidth) and channel bandwidth.
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100



Table 1: Transmission bandwidth configuration NRB in E-UTRA channel bandwidths

A rel-8 compatible carrier does not have any RBs just outside the transmission bandwidth, the 100 RB range in this case, but still inside the Channel Bandwidth. A more than 100 RB component carrier must necessarily be less compatible with this requirement.

[image: image1]
Figure 1: Definition of Channel Bandwidth and Transmission Bandwidth Configuration for one E UTRA carrier

Hence, following the foundations laid down in [4], a more than 100 RB CC would not be formally rel-8 compatible and such a CC would strictly speaking become a non-backward-compatible component of an LTE-Advanced aggregated carrier. 
3 Backwards compatibility with release-8 guard band for LTE-Advanced aggregated spectrum
Spectrum efficient contiguous aggregation schemes have been analyzed in [2] and [3]. It is possible to achieve a higher spectrum utilization while maintaining the release-8 guard band of 1 MHz toward the channel edge for a 20 MHz, 100 resource blocks (RB), CC.
	channel bandwidth
	#component carriers
	#resource blocks/cc
	#unused sc between component carriers
	Guard
	Spectrum Utilization

	80
	4
	108
	3
	1,0225
	97,2%


Table 2: Spectrum efficient component carrier aggregation scheme for 80 MHz

However it will be necessary to modify the number of allocated resource blocks per CC in order to maintain the release-8 unwanted emission mask specified in [5] for a 100 RB 20 MHz CC. Table 3 lists the possible number of resource blocks per CC assuming a given channel bandwidth. The number of RBs and subcarriers (sc) listed are needed to fulfill at least a 1 MHz guard band at the channel bandwidth edges and the 300 kHz DC sub-carrier requirement.

	channel bandwidth
	#component carriers
	#resource blocks/cc
	#unused sc between component carriers
	Guard
	Spectrum Utilization

	100
	5
	108
	3
	1,2725
	97,2%

	80
	4
	108
	3
	1,0225
	97,2%

	60
	3
	106
	7
	1,2525
	95,4%

	40
	2
	104
	9
	1,1975
	93.6%



Table 3: Maximum number of RB as a function of channel bandwidth

Hence the maximum number of resource blocks (RB) per CC will be a function of channel bandwidth. More RBs per CC would be less release-8 backwards compatible when it comes to unwanted emissions at the edges of the allocated channel bandwidth for the whole LTE-Advanced block. Moreover, strictly speaking the component carrier schemes discussed here would be for LTE-Advanced terminals only since each component carrier contains more than 100 RB, the maximum bandwidth currently defined for release-8.
3.1 Migration of release-8 carriers to release-10 component carriers

Moreover a 20 MHz, 100 RB rel-8 carrier can not migrate to a 108, 106 or 104 RB, CC, as part of a future LTE-Advanced aggregated carrier without first being transposed relative to the band edge by 4, 3 or 2 RB. This has to be done in order for the LTE-Advanced aggregated carrier to be compatible with release-8 unwanted emission mask specified in [5].
In practice this could, due to regulatory requirements, push any scheduling of RB being part of a CC with more than 100 RB to new bands above 2.6 GHz.

4 Backwards compatibility with release-8 PUSCH Transform precoding
Section 5.3.3 of [6] puts requirements in the PUSCH instantaneous bandwidth, where 
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This puts requirements on the possible uplink RBs to allocate on the UL. The only numbers fulfilling the requirement are listed in bold in table 3.
100
= 
22 52
101
= 
101
102
= 
2  3 17
103
= 
103
104
= 
23 13
105
= 
3 5 7
106
= 
2 53
107
= 
107
108
= 
22 33
109
= 
109
110
= 
2 5 11

Table 4: Transform precoding
Hence the number of PUSCH RBs to be allocated to a single terminal to fulfill release-8 backwards compatibility can only be 108 RBs when more than 100 RBs are considered.
Note: Other channels will have to be allocated as well besides PUSCH and this will modify the actual PUSCH allocation.

5 Carrier aggregation using release-8 Channel Bandwidths

In view of the discussion in this paper a brief analysis of contiguous channel aggregation using release-8 Channel Bandwidths component carriers is made. The contiguous cases from the list of prioritized scenarios is considered here.
	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

	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

	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


Table 5: Agreed carrier aggregation scenarios for initial investigation
5.1 Scenario number 1

80 MHz DL allocated can off course be solved in such a way that each release-8 component carrier has each own guard. This is a strictly backwards compatible arrangement. The spectrum utilization is the same as in release 8, 90%.

[image: image5]
Figure 2: Approach # 1: contiguous carrier aggregation with large guard band (as in Rel- 8)
This can be made more spectrum efficient by reducing the guard band between the component carriers. A grid compatible configuration would be (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC).

[image: image6]
Figure 3: Approach # 2: contiguous carrier aggregation with small guard band
An allocation of 80 MHz would lead to 72 MHz/80 MHz = 90%. A fifth subcarrier with 25 RBs could be added to increase spectral efficiency. 


[image: image7]
Figure 4: Approach # 3: contiguous carrier aggregation with small guard band and a fifth small subcarrier.
This is a grid compatible allocation of 5 component carriers: (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 9 sc guard + (300 sc + DC).  This configuration has a spectrum utilization of 76.5/80 = 95.6% and would allow for a release 8 compatible edge guard band of 1.2 MHz. Please note that the number of carriers do not need to map to the number of PAs.
5.2 Scenario number 2

100 MHz DL allocated can be solved as using 6 subcarriers as: (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 9 sc guard + (300 sc + DC).
This configuration has a spectrum utilization of 94.5/100 = 94.5% and would allow for a release 8 compatible edge guard band of 2.1 MHz. Please note that the numbers of carriers do not need to map to the number of PAs.
5.3 A note on allocated spectrum and channel utilization
All spectrum utilization calculations assume the cases listed in table 5, 80 and 100 MHz, for traceability to previous RAN4 LTE-Advanced work, but the actual allocated spectrum is of course not related to these scenarios at all.  
   A 75 MHz spectrum allocation and a configuration like Figure 3 of (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) + 19 sc guard + (1200 sc + DC) would result in a utilization of 72 MHz/75 MHz = 96% and 1.04 MHz guard without having to resort to another component carrier or wider than 100 RB components.
6 Summary
In this paper we have listed some issues with regards to release-8 compatibility when aggregating component carriers bigger than 100 Resource Blocks.
Most important are the compatibility statements in the foundations laid down in [4] stating that a LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications and that Transmission BW and Channel BW statements in [5] may make any component carrier above 100 RB release-8 incompatible. This turns a component carrier with more than 100 RB into a none backwards compatible LTE-Advanced arrangement for release-10 terminals only.
In order for component carriers > 100 resource blocks to be backwards compatible with release 8 edge guard band, certain conditions have to be fulfilled, i.e. 108 Resource Blocks for an LTE-Advanced specific component carrier is possible in 100-80 MHz, 106 in 60 MHz and 104 in 40 MHz in order to preserve a 1 MHz edge guard band. Moreover migrating a release-8, 100 Resource Blocks carrier to more than 100 resource blocks has to be done in such a way that unwanted emissions are maintained. 
In the uplink only 108 Resource blocks may be scheduled at the same time to a single terminal to maintain backwards compatibility with release-8 PUSCH Transform precoding.
It should be noted that aggregating contiguous 100 resource blocks component carriers with separate guard band for each component carrier will fulfill the backwards compatibility issues listed for all cases and spectrum allocations discussed here. The spectrum utilization would be 90% for these cases. If this is a problem one could consider dense, but grid compatible packings of release-8 component carriers but still maintain the release-8 edge guard band of 1 MHz.
Component carriers of more than 100 RB seem to be less backwards compatible, not being a release-8 transmission bandwidth at all, and do not offer any particular advantages given that the number of carriers does not have to have a strict relation to the number of PAs.
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