3GPP TSG RAN WG4 Meeting #50bis  



 




R4-091150
Seoul, Korea, Mar. 23-27, 2009
Agenda Item: 8.1.2
 
Source:  Huawei
Title: Proposals for contiguous carrier aggregation

Document for:
Approval
1 Introduction

In response to the RAN1 LS in [1] on the carrier aggregation to enable the use of wider bandwidths in LTE advanced, it was agreed that RAN4 will study the feasibility of carrier aggregation.
At RAN4#50 several scenarios were prioritised for the initial study phase aiming at the ITU-R submission of the LTE-A proposal [4]. These scenarios contain cases for contiguous and non-contiguous carrier aggregation.

In order to achieve the high peak rates envisioned by ITU-R for IMT advanced systems, the LTE-A proposal has to fulfil a double objective: Increase the usable bandwidth for LTE-A and improve the spectrum efficiency.

In particular for the case of contiguous carrier aggregation, we believe that RAN4 work should aim at this double objective.
Hence, in this paper we study especially the case of contiguous carrier aggregation and make some proposals for the further work in RAN4. 
2 Frequency spacing of component carriers
The RAN1 LS in [1] and also several papers at RAN4#50 such as [5] and [6] suggested a careful selection of the carrier spacing between contiguously aggregated component carriers. The main concern when addressing this issue is the need of backward compatibility with R8 LTE terminals.  
A first requirement stems from the fact that it is highly desirable to allow an initial access of LTE R8 terminals to each component carrier of an LTE-A system. Therefore the DC carrier of each component carrier should be placed on the 100 kHz frequency raster.

A second requirement is related to implementation aspects. Keeping the subcarrier spacing to multiples of 15 kHz , i.e. the R8 subcarrier spacing, over the whole aggregated bandwidth would allow to transmit and receive the aggregated bandwidth using implementations with a single FFT/IFFT.

Combining these two requirements, we propose similar to other contributions like [5] and [6] to ensure that the spacing between the DC carriers of the contiguously aggregated component carriers is kept to multiples of 300 kHz.
3 Improvement of spectrum utilisation
RAN1 suggests in its LS in [1] that RAN4 addresses the issue of spectrum utilisation, especially in the case of contiguously aggregated component carriers. The possibility to improve spectrum utilization was also pointed out in [7]. 
It is also our understanding that the spectrum utilization and use of guard bands should be revisited especially in the case of contiguous aggregation in order to optimize the overall spectrum efficiency and achievable peak rates of LTE-A, which is an essential property for the upcoming ITU-R submission. 
In the current version of [8], the following table indicates the number of usable resource blocks for each channel bandwidth.

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


From this table we can see that, with the exception of the 1.4 MHz case, the bandwidth utilization is 90% for LTE R8. However, it was already noted by both RAN1 [2, footnote to Table 7.1.1-1 p.20] and RAN4 [3] that for the largest channel bandwidths, improvements to spectrum occupancy could be considered. Furthermore, since LTE-Advanced extends the bandwidths of LTE by carrier aggregation, the 10% guard band figure of LTE would result in very large amount of guard bands if several component carriers are aggregated.
If the carrier frequencies of the component carriers are separated by a multiple of 300 kHz as suggested in section 2, the 15 kHz multiple spacing would make subcarriers of different component carriers to ideally remain orthogonal provided that the component carriers are synchronised in time and frequency. In this case, the guard band between component carriers could be decreased and the remaining spectrum could be exploited for data transmission in LTE-Advanced. This gives the opportunity to insert extra RBs to a component carrier. For example a component carrier could be an LTE carrier that is symmetrically extended with a number of resource blocks which are only used in LTE-Advanced. An LTE UE would then only receive/transmit on the central part of the component carrier corresponding to R8 RB assignments. In contrast, an LTE-Advanced UE would then receive/transmit on the whole extended component carrier, which would lead to an improved spectrum utilisation in the case of contiguous aggregation.Non-symmetric extensions of carriers might also be considered. 


[image: image1]
Figure 1. Example of RB configuration of a single component carrier where extra (green) RBs are symmetrically inserted for LTE-Advanced.
Fig. 1 illustrates such a bandwidth partition of a component carrier on resource block level between LTE and LTE-Advanced. The transmission bandwidth configuration for LTE should follow the bandwidth configurations currently defined (100 RBs is the prioritized case) and for LTE-Advanced a value larger than 100 but no more than 110 RBs could be considered according to the RAN1 decision in [1]. 
The LTE UE will thus have a bandwidth capability that is less than the effective component carrier bandwidth in LTE-advanced. Note that a similar property was assumed for quite a long time during the LTE work, when we still had UEs with only 10 MHz reception capability. The change to a harmonised 20 MHz UE capability was then primarily only due to cell search simplifications. 
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Figure 2. Carrier aggregation with 3 component carriers.
Fig. 2 illustrates the aggregation of three component carriers for a given channel bandwidth. In order to keep the carrier frequencies on a multiple of 300 kHz, a number of empty subcarriers will exist between the component carriers. 
Considering symmetric component carriers, the maximum number of RBs that can be supported in the LTE-Advanced channel bandwidth is computed in Table 1 under the assumptions that:
· All RBs have 180 kHz bandwidth.

· Not more than 110 RBs per component carrier are used.

· The center frequencies of the component carriers are located on a 300 kHz raster.
Table 1. Maximum number of RBs, carrier frequency separation, number of unused subcarriers between component carriers and resulting spectrum utilization.
	
	LTE
	LTE-Advanced

	Channel bandwidth [MHz]
	20
	40
	60
	80
	100

	Maximum no. of RBs
	100
	2*110=220
	3*108=324
	4*108=432
	5*108=540

	∆fc [MHz]
	N/A
	20.1
	19.5
	19.5
	19.5

	No. of unused subcarriers between comp. carrier
	N/A
	19
	3
	3
	3

	Guard band
 [MHz]
	0.9925
	0.0425
	0.7725
	1.0225
	1.2725

	Spectrum utilization
	90%
	99%
	97.2%
	97.2%
	97.2%


The table shows that it may be possible to use up to 108 RBs at least for the cases where 3 or more 20MHz carriers are continuously aggregated. Furthermore, the table shows that the guard band does not necessarily have to decrease although the component carrier is wider than for LTE.  
Note that the table above is just a numerical exercise and the number of RBs that is actually feasible has to be determined from detailed evaluations taking into account further constraints like out-of-band emissions and others, see [9]. Thus the actual number of RBs that can be supported may be lower than the numbers contained in Table 1.
In order to improve the spectrum efficiency and achievable peak rates of LTE-A, we propose to improve the spectrum usage, i.e. increasing the number of RBs that can be allocated to an LTE-A UE, in the case of contiguous carrier aggregation. 
4 Conclusions
We addressed several issues related to contiguous carrier aggregation. In order to improve the spectrum efficiency and the achievable peak rates in LTE-A, which is an essential part of the parameters in the proposal submitted to ITU-R, we make the following proposals: 
· The spacing between the DC carriers of the contiguously aggregated component carriers is kept to multiples of 300 kHz.
· The number of RBs that can be allocated to an LTE-A UE per component carrier is revisited for the case of contiguous carrier aggregation. 

If these proposals are agreeable, we also propose that we confirm these assumptions made by RAN1 in their LS in [1].
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LTE Transmission bandwidth configuration [RB]





LTE-Adv. Transmission bandwidth configuration [RB]
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� Defined as the difference between channel- and total transmission bandwidth, divided by 2.





