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1 Introduction

Carrier aggregation is the chosen technology to extend the downlink bandwidth beyond 20 MHz for LTE-Advanced. In this contribution, we address aspects for consideration in the further work of carrier aggregation.
2 Component carrier structure
2.1 Carrier aggregation principle 
In [1], carrier aggregation is the given technology for extending the downlink bandwidth in LTE-Advanced. This allows for keeping numerology, an LTE RB time-frequency structure and much of the already present channel design being defined up to 110 RBs. The other alternative, to introduce new bandwidth modes larger than 110 RBs, might have caused more extensive design- and evaluation work. We should therefore regard carrier aggregation as the aggregation of multiple component carriers, where each such component carrier is limited to a bandwidth corresponding to 110 RBs.
2.2 Backwards compatibility requirement
From [1], it is required that an LTE R8 UE should be able to work in an LTE-Advanced system. As the number of LTE-Advanced capable UEs may be considerably lower than the number of LTE UEs, having component carriers that only support camping of LTE-Advanced UEs, will impose too low and uneven spectrum utilization. Thus it is desirable to facilitate LTE R8 UE access on any component carrier. The most straightforward and simple way would hence be to transmit the SCH and PBCH on each component carrier, respectively. Each component carrier could thus be accessed by LTE and LTE-Advanced UEs. This would reduce specification impact, simplify implementations, allow reuse of cell search procedures for LTE-Advanced and does not appear to impose any significant limitations to the LTE-Advanced system design.
Keeping the LTE carrier frequency raster is also desirable for maintaining backwards compatibility and cell search performance. Hence, the center frequencies of the component carriers should remain on the 100 kHz raster.      
2.3 Component carrier spacing

Several RAN1 contributions have already addressed the issue of allocating the center frequencies of the component carriers as a multiple of the 15 kHz subcarrier spacing. Such an allocation has large benefits for facilitating low-complex TX and RX implementations (e.g., by means of a single FFT and TX/RX chain). Moreover, with component carrier time synchronization, such frequency spacing can provide orthogonality among subcarriers from different component carriers at the receiver. This is particularly straightforward in the downlink as component carriers can be time synchronized within an eNodeB. The same principle also applies to the uplink, where UEs are received in a time synchronized way through the adjustment of timing advance commands received from the eNodeB. Hence, if the aggregated component carriers are received at one eNodeB, orthogonality can be maintained. A consequence of locating component carriers on a multiple of 15 kHz, is therefore smaller need for guard bands between component carriers. 
Thus, there are clear advantages of assuming a requirement on having the component carriers separated by a multiple of 15 kHz, both in terms of allowing simpler implementations and improved spectrum utilization. Together with the 100 kHz raster requirement from Sec. 2.2, the least common multiple between 15 kHz and 100 kHz is 300 kHz, hence we believe RAN1 should make a working assumption that component carrier center frequencies can be spaced a multiple of 300 kHz apart, at least for all contiguous carrier aggregation cases. Note that this is not equivalent to redefining the carrier frequency raster, it is still 100 kHz. 
2.4 Guard bands and spectrum utilization
The guard bands necessary for suppressing out-of-band emissions correspond to a relative amount of the channel bandwidth and the figure 10% was adopted in LTE. Subsequently, it was found necessary to increase the smallest channel bandwidth to 1.4 MHz, corresponding to a guard band amount of ~23%. During the LTE development, it was acknowledged that there could be improvements of spectrum occupancy for the larger bandwidths [2], i.e., guard band sizes below 10% may be considered. Hence, for the wide bandwidths facilitated by carrier aggregation in LTE-Advanced, such improvements should be considered and can be achieved by utilizing parts of an LTE carrier’s guard bands, i.e., the component carriers could be wider than the bandwidths currently defined for the LTE carriers.
For non-contiguous aggregations, it might be difficult to further reduce the guard bands. However, for contiguous aggregations, if the center frequencies of the component carriers are located as a multiple of the subcarrier spacing, the subcarrier orthogonality can be preserved among component carriers. For example if the component carriers are transmitted from one eNodeB, the transmitter could be implemented by using one single IFFT engine. Alternatively the different component carriers can be generated separately but in a time synchronized manner. Thus, it is possible to widen the component carriers by inserting dedicated LTE-Advanced RBs either symmetrically or asymmetrically, and hence improve the spectrum utilization. In [3], we evaluated different symmetric component carrier configurations and showed that the downlink spectrum utilization could be improved without causing problems with out-of-band emissions. 

Whether the signal from aggregated component carriers is generated jointly or separately is an implementation issue, as well as the choice of spectrum shaping technology. For LTE, stringent filtering (causing most distortion of the cyclic prefix, highest EVM etc.) is typically already needed for the smallest system bandwidths. Hence, we do not anticipate that wideband carrier aggregation with component carriers having reduced guard bands would impose significant problems to transmit filtering. For the receiver, an LTE R8 UE should be able to filter out its carrier from the aggregated signal, which corresponds to a long time assumption in RAN1 that it was possible to have UEs with reception capability less than the channel bandwidth. The change to 20 MHz UE capability was primarily only due to cell search simplifications. Also, from results in [Fig. 2, 3] we could not see that there would be any impact on the LTE UE and its receiver filtering performance by increasing the spectrum utilization for LTE-Advanced.  
Thus, as shown in [3], for contiguous downlink carrier aggregations, it should be possible to utilize some of the unused spectrum in between component carriers, thereby increasing the spectrum utilization above 90%, which was already pointed out by RAN4 for LTE [2]. We also expect that improvements could be achieved in the uplink.
2.5 Bandwidth partition of a downlink component carrier 
The new technologies discussed for LTE-Advanced such as 8TX enhanced MIMO, relays and CoMP transmission will likely require specific channel structures and reference signals, not necessarily being backwards compatible to LTE. Some of these novel technologies could be comprehensive and the design of such schemes should therefore not be constrained by the already existing structure. On the other hand, we argue in Sec. 2.2 that it is crucial to allow LTE access on any component carrier. Hence, to meet both these requirements, the time-frequency resources within a component carrier could be divided into LTE RBs and LTE-Advanced RBs. 
One alternative is to make this division through FDM, meaning that an LTE-Advanced UE could receive all RBs on a component carrier, while for backwards compatibility, an LTE UE can only receive the LTE RBs. LTE-Advanced transmissions on LTE RBs would then be constrained to the LTE transmission modes. The control signalling for LTE could be kept in the LTE bandwidth part, whereas additional LTE-Advanced control channels may be introduced in the LTE-Advanced parts. Some control channel functionality for LTE-Advanced may perhaps also reside in the LTE part. FDM is the natural approach if extra resource blocks are inserted to an LTE carrier, as they would not be seen by LTE terminals anyway. With FDM, the RBs dedicated for LTE-Advanced can be optimized for its special purposes, e.g., they can contain its anticipated extra reference symbols, data- or control channels, without concern of backwards LTE compatibility impact. Moreover, FDM appears to have less legacy impact than TDM, where certain subframes should carry LTE-Advanced transmissions, which may affect LTE performance (e.g., latency, channel estimation, HARQ timing) much more. Especially time- and frequency interpolation in channel estimation can be maintained for LTE and achieved for LTE-Advanced assuming FDM.     
Considering the downlink, the principal structure of any component carrier can be depicted as in Fig. 1. The central
 part A contains the legacy LTE RBs, while an LTE-Advanced UE is capable of receiving all RBs within the bandwidth B. For backwards compatibility, the bandwidth A preferably takes any of the transmission bandwidth configurations 
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as defined in Table 5.2-1 in [4], i.e., from 6 up to 100 RBs. Thus the amount of backwards compatible LTE resources could be configurable with various granularity allowing flexibility for operators in network deployments. In this way, the bandwidth may be re-partitioned between LTE-Advanced and LTE, without having to change the number of component carriers. The bandwidth B is implicitly constrained by out-of-band emission requirements and its value may depend on the total aggregated bandwidth, see the downlink results in [3]. For example, if the component carriers are suitably placed (on a multiple of 300 kHz) it could take on values larger than 100 RBs without violating out-of-band emission limits. The maximum channel bandwidth C is 20 MHz, which is inherent from the limitation of 110 RBs per component carrier. 
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Figure 1. Generic bandwidth partition structure by FDM of one downlink component carrier.
The various aggregation combinations of component carriers should be given further study and likely some restrictions may apply. In principle, different sized component carriers could be aggregated and the respective amount of LTE resources could also differ. Fig. 2 depicts an example where two component carriers of different bandwidth are aggregated, each comprising different amount of LTE resources.   
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Figure 2. Example of two aggregated downlink component carriers of different size. 
3 Non-contiguous and contiguous carrier aggregation 

In its general form, carrier aggregation could be performed either within a frequency band or between frequency bands, yielding aggregation of contiguous and/or discontiguous spectrum segments. It is well known that discontiguous aggregations must likely be implemented with more complex, or even multiple, RF chains and TX/RX parts. The use cases for discontiguous aggregations, as well as the implications of increased system- and implementation complexity are not fully understood yet. Ideally the specifications could be written in an agnostic way but the feasibility of certain solutions is much determined by the implementation complexity. Due to the complexity and cost of having multiple wide-band RF chains, we can anticipate that discontiguous aggregations would primarily not be used for extension to very wide bandwidths, say significantly over 20 MHz. However, it could serve to aggregate discontiguously located carriers of smaller bandwidths. In practise, discontiguous aggregations may be interesting for LTE-Advanced bandwidths being less than 20 MHz, although carrier aggregation is currently only emphasized as a technology for bandwidth expansion beyond 20 MHz [1]. 

Then it is easier to envisage expansion of the bandwidth beyond 20 MHz by aggregation of contiguous carriers as being prioritized. This would not necessarily come with the same large implementation complexity as for discontiguous aggregations. Contiguous component carriers may be particularly relevant for high-capacity deployments by the usage of the higher frequency bands for the spectrum identified for IMT-Advanced comprising larger amounts of spectrum. For these deployments, it would be possible to further optimize the structure and composition of the component carriers in order to reduce the TX/RX complexity and enhance the spectrum utilization. It is therefore relevant to further study the component carrier structure for contiguous aggregations.  
4 Asymmetric carrier aggregation

Support of different UL and DL bandwidths may be suitable for dealing with asymmetries in traffic and spectrum availability in the system. Moreover, certain UEs may potentially not have the capability for using large transmission bandwidths or to utilize the same size of bandwidth for transmission as for reception. With regards to carrier aggregation, this would mean that different numbers of UL and DL component carriers should be aggregated. In general, having more DL carriers than UL carriers is expected to be the primary objective. Two forms of asymmetric carrier aggregation can be envisaged; cell-specific and UE-specific carrier aggregation.

4.1 Cell-specific asymmetric carrier aggregation

Cell-specific asymmetric carrier aggregation is defined by that a cell provides different number of DL and UL component carriers, as illustrated in Fig. 3. This may be the situation if an operator has more DL bandwidth than UL bandwidth available and chooses to maximize the bandwidth per component carrier instead of keeping the number of UL and DL component carriers the same. For example, using one single 20 MHz carrier instead of two 10 MHz carriers may offer higher peak data rates, reduced control channel overhead, more multiuser diversity, trunking gain and lower PAPR, but result in carrier asymmetry. 
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Figure 3 Structure of cell-specific asymmetric CA.
A consequence of the asymmetry is that one UL component carrier is coupled to many DL component carriers. Hence, enhancements are expected for the UL control signalling to manage several DL carriers.   
4.2 UE-specific asymmetric carrier aggregation  
UE-specific asymmetric carrier aggregation is defined by that a UE can receive and transmit on a different number of component carriers in the DL and UL, although the cell could provide the same number of UL and DL component carriers. The difference to cell-specific carrier aggregation is thus that the coupling between UL and DL component carriers can be made UE-specific, which can be configured in a static or semi-static manner. Fig. 4 a) illustrates a carrier configuration for a cell while a UE-specific configuration is shown in Fig. 4 b). 
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Figure 4. Structure of UE-specific asymmetric carrier aggregation

UE-specific asymmetric aggregation is suitable if the operator has the same amount of UL and DL spectrum available or if it is not possible to merge the UL spectrum into a single component carrier, e.g., if the UL bandwidth exceeds 20 MHz. Hence it could be used to support traffic asymmetries, as well as different UE receive/transmit capabilities, although the cell is in fact symmetric in the number of UL and DL carriers. 

Also for UE-specific asymmetric carrier aggregation, an UL carrier will be coupled to many DL carriers, although there is more freedom in configuring UL/DL couplings for different type of users. Thus load balancing can be facilitated, or LTE and LTE-Advanced terminals could be allocated different couplings. 
For both type of aggregations, there is a similarity to TDD, where the amount of UL/DL resources may differ within a carrier, thus related technologies and signalling principles may apply also to asymmetric FDD carrier aggregation. Moreover, UE-specific asymmetric carrier aggregation could support aggregation of TDD component carriers, implying that a UE utilizes both uplink and downlink resources on some component carriers, while utilizing only downlink resources on another set of component carriers.
5 MAC to physical layer mapping  
The choice of mapping from MAC to PHY layer may depend on performance as well as required standardization efforts and perhaps also the uplink multiple access discussion. In terms of performance, a transmission of larger transport blocks, assuming one TB and HARQ entity in total, may require division into more code-blocks and impose additional segmentation losses, c.f., [5]. From a carrier aggregation perspective, considering support of non-contiguous and asymmetric carrier aggregations, it is not obvious that the specifications can be completely written in an agnostic manner. That might necessitate certain special cases, which suggests that a per-component carrier mapping would require least work effort, i.e., one TB and HARQ per component carrier would then be preferred.
6 Conclusions and Text Proposal
The main points of this contribution on downlink carrier aggregation are:

·  The bandwidth of a component carrier can correspond up to 110 RBs.
· Center frequencies of component carriers should be located on the 100 kHz LTE carrier frequency raster.

· Center frequencies of contiguous component carriers should be separated by a multiple of 15 kHz.

· Part (6 - 100 RBs) of each component carrier should be LTE backwards compatible.

· Cell-specific and UE-specific asymmetric carrier aggregation should be supported.

The following text proposal is suggested to capture this in Sec. 5 of TR36.814 “Further Advancements for E-UTRA Physical Layer Aspects”.
5
Support of wider bandwidth

Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support downlink transmission bandwidths larger than 20 MHz. 
-----------------------Start of text proposal---------------------------------------
In order to provide simple backwards compatibility to LTE, the number of resource blocks of a component carrier should always be limited to 110 and the center frequencies of the component carriers should be located on the LTE 100 kHz raster. Each component carrier should be backwards compatible to LTE and the amount of LTE resources on a component carrier could be configurable but be limited to the already defined LTE transmission bandwidths.  
The implementation complexity and cost can be reduced by placing the center frequencies of the component carriers on a multiple of the 15 kHz subcarrier spacing. This can also improve the spectrum utilization for contiguous component carrier aggregations by utilizing component carriers containing more resource blocks than an LTE carrier. Thus, component carriers should be separated by a multiple of 100 kHz and 15 kHz, at least for contiguous aggregations.
Asymmetric carrier aggregation should be supported to provide for different traffic asymmetries and spectrum availability in uplink and downlink, as well as different UE capabilities for carrier aggregation. Two aggregation types should be considered; cell-specific asymmetric carrier aggregation and UE-specific carrier aggregation. For cell-specific aggregation, the coupling between uplink and downlink component carriers is the same for all UEs within a cell, whereas for UE-specific aggregation, the coupling can be determined for each UE individually.  
-----------------------End of text proposal----------------------------------------
A terminal may simultaneously receive one or multiple component carriers depending on its capabilities:

· An LTE-Advanced terminal with reception capability beyond 20 MHz can simultaneously receive transmissions on multiple component carriers.

· An LTE Rel-8 terminal can receive transmissions on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.
References

[1] 3GPP TR36.814, Further advancements for E-UTRA physical layer.

[2] RAN4, “LS on spectral emission mask and coexistence”, R1-062426, Tallinn, Estonia, Aug. 28-Sept. 1, 2006.

[3] Huawei, “Downlink spectrum utilization in LTE-Advanced”, R1-083704, Prague, Czech Rep., Sep 29 - Oct 3, 2008.

[4] 3GPP TS36.104, Base Station (BS) radio transmission and reception, v.8.2.0.

[5] Motorola, “Number of HARQ channels”, R1-062597, Seoul, Korea, Oct. 9-13, 2006.




Carrier 1	     Carrier 2





Carrier 1	   Carrier 2





Carrier 1	      Carrier 2





(b) Relation of DL/UL carrier configuration of a UE





(a) Coupled DL/UL carrier configuration of a cell
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� In principle the LTE part does not have to be in the center but it should always be on the 100 kHz raster.
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