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1 Introduction

The requirements for Evolved UTRAN in TS25.913 [1] states the following: “The system shall be able to support (same and different) content delivery over an aggregation of resources including Radio Band Resources (as well as power, adaptive scheduling, etc) in the same and different bands, in both uplink and downlink and in both adjacent and non-adjacent channel arrangements.”
In [2] proposals for the aggregation were analyzed and prioritised. Motorola and Nokia made a first impact analysis on implementation complexity in [3]. This document considers the proposals in ref [2] and further analyzes the system as well as the implementation impacts. 

2 Definition of new aggregation types

The following resource aggregation types were defined in reference [2].

· Type 1 – over adjacent channels in the same band with same content.

· Type 2 – over separated channels in the same band with same content.

· Type 3 – over separated channels in different bands with same content.

· Type 4 – DL broadcast channel and bidirectional channel in the same band.

· Type 5 – DL broadcast channel and bidirectional channel in different bands.

The implementation impacts will be very different if we consider the uplink part or the downlink part for each of the types above. The need from an application and costumer view might also be different for the uplink and downlink part. This document therefore analyses the uplink and downlink part separately and for that purpose the following types are defined: 
· Type DL A - downlink over adjacent  channels in the same band

· Type UL A - uplink over adjacent  channels in the same band

· Type DL B - downlink over separated (non-adjacent) channels in the same band

· Type UL B - uplink over separated (non-adjacent) channels in the same band

· Type DL C - downlink over channels in different bands

· Type UL C - uplink over channels in different bands

From a WG4 and implementation point-of-view, it does not seem to matter whether two aggregated resources carry unicast and broadcast data respectively or the same kind of transmission (unicast on both resources or broadcast on both resources). Therefore we have not considered the broadcast data separately.

3 New aggregation types

In the following 6 subchapters the new aggregation types are analysed.

3.1 Type DL A - downlink over adjacent channels in the same band
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Type DL A would add a requirement for time alignment of the carriers at the Node B side or require the UE to handle them as two separate carriers with different time alignment. Aggregating two adjacent frequencies also means that a guard band is unnecessarily placed between the carriers. Guard bands between the carriers instead of increased guard band outside a wider carrier will either increase the effort on the UE IF filter or it will reduce the achieved UE ACS. It might also increase the ACLR requirement for the BS. Having the information on two carriers might decrease efficiency due to more control signaling.

Ericsson believes that the implementation effort is increased compared to having the additional wider bandwidth defined and therefore Ericsson would prefer to go for a wider carrier instead of aggregating over adjacent carriers not to delay the introduction of LTE and to minimize the cost.
One could consider if, for overall bandwidths beyond the minimum UE bandwidth capability, there could be system benefits of defining the wider bandwidths as aggregation of smaller bandwidths, in this case the carrier spacing between the aggregated carriers should be selected so that there is not substantial negative impact on e.g. UE IF filtering.

Type DL A is a special case of Type DL B and would be included automatically if Type DL B is included.

3.2 Type UL A - uplink over adjacent channels in the same band

The main concern for this type is the multi carrier transmission from the UE. The UE complexity will also increase due to new requirements on the intermodulation and cross modulation distortion. It might also increase the ACLR requirement on the UE as well as the ACS requirement of the BS. Thus the implementation complexity is increased compared to using a wider bandwidth. 
Ericsson believes that the implementation effort is increased compared to having the additional wider bandwidth defined and therefore Ericsson would prefer to go for a wider carrier instead of aggregating over adjacent carriers not to delay the introduction of LTE and to minimize the cost.

Type DL A is a special case of Type DL B and would be included automatically if Type DL B is included.
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3.3 Type DL B - downlink over separated channels in the same band
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It should be noted that the purpose of this aggregation is to aggregate over a discontinuous spectrum allocation for the operator. That means that there will be another operator between the carriers and therefore the ACLR/ACS/blocking requirement that is valid outside the carriers would also be applicable between the carriers. This type might require two transmitters in the Node B (if the carriers are not to far apart it might be enough with one transmitter) and two receivers in the UE (diversity not considered). If this aggregation type is agreed, maybe it could be possible to trade it for RX diversity.

Additional concern and efforts should be taken for different propagation conditions between the carriers. Due to the different propagation conditions the HARQ process on the different carriers might not be synchronized which should be taken care of by the system. For some cases the carriers might, due to different propagation conditions, have a need for handover at different times. How that should be handled would need further concern and effort.
Ericsson understands the benefits of this aggregation type for an operator having a discontinuous spectrum allocation, but it would be good if the increased complexity of the UE, BS and system could be considered when deciding on the priorities. Maybe different mobile classes could allow a later introduction not to delay the introduction of the first systems and mobiles. 

3.4 Type UL B - uplink over separated channels in the same band
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The main concern for this type is the same concerns as was stated for Type UL A due to the multi carrier requirement for the UE. Intermodulation and cross modulation distortion would increase the design complexity for the UE.
It should be noted that the purpose of this aggregation is to aggregate over a discontinuous spectrum allocation for the operator. That means that there will be another operator between the carriers and therefore the ACLR/ACS/blocking requirement that is valid outside the carriers would also be applicable between the carriers. This type will require two transmitters in the UE and two receivers in Node B (diversity not considered and if the carriers are not to far apart it might be enough with one receiver). Also the duplex distance might be a concern for certain bands.

Additional concern and efforts should be taken for different propagation conditions between the carriers. Due to the different propagation conditions the HARQ process on the different carriers might not be synchronized which should be taken care of by the system. For some cases the carriers might, due to different propagation conditions, have a need for handover at different times. How that should be handled would need further concern and effort.

Ericsson understands the benefits of this aggregation type for an operator having a discontinuous spectrum allocation, but it would be good if the increased complexity of the UE, BS and system could be considered when deciding on the priorities. In particular the increased complexity of the UE should be considered and Ericsson proposes to give Type UL B lower priority than Type DL B. If the need for peak rates is lower in uplink than in the downlink that would also support that priority. Maybe different mobile classes could allow a later introduction not to delay the introduction of the first systems and mobiles. 

3.5 Type DL C - downlink over separated channels in different bands
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This type requires two transmitters in Node B and two receivers in the UE (diversity not considered). Depending on the band combination the UE complexity regarding ACS may be similar to the case of Type DL B.  

Additional concern and efforts should be taken for different propagation conditions between the carriers. The concerns brought up for Type B will be even more explicit here. The different carriers will be in different frequency bands. If the system could handle unsynchronized HARQ processes and handovers or if the planning of coverage and cells would have to be done similar in the different frequency bands would need additional investigations. If it would be allowed to have unsynchronized handover it also means that the different carriers could be in different cells. That would mean that we should aggregate over carriers that are in different cells, which would add complexity on the system side.

Ericsson understands the benefits of this aggregation type for an operator having spectrum allocated in different frequency bands, but it would be good if the increased complexity of the UE, BS and system could be considered when deciding on the priorities. Maybe different mobile classes could allow a later introduction not to delay the introduction of the first systems and mobiles. 

3.6 Type UL C - uplink over separated channels in different bands
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The main concern for this type is the same concerns as was stated for Type UL A due to the multi carrier requirement for the UE. Intermodulation and cross modulation distortion would increase the design complexity for the UE. The intermodulation requirements will also strongly depend on the IM products and if the products will occur in any receive band. Depending on the combination of bands the duplex distance might also be a concern.

Additional concern and efforts should be taken for different propagation conditions between the carriers. The concerns brought up for Type B will be even more explicit here. The different carriers will be in different frequency bands. If the system could handle unsynchronized HARQ processes and handovers or if the planning of coverage and cells would have to be done similar in the different frequency bands would need additional investigations. If it would be allowed to have unsynchronized handover it also means that the different carriers could be in different cells. That would mean that we should aggregate over carriers that are in different cells, which would add complexity on the system side.

Ericsson understands the benefits of this aggregation type for an operator having spectrum allocated in different frequency bands, but it would be good if the increased complexity of the UE, BS and system could be considered when deciding on the priorities. In particular the increased complexity of the UE should be considered and Ericsson proposes to give Type UL C lower priority than Type DL C. If the need for peak rates is lower in uplink than in the downlink that would also support that priority. Maybe different mobile classes could allow a later introduction not to delay the introduction of the first systems and mobiles. 

3.7 Conclusion
Ericsson can see the benefits of having aggregation for different kinds of spectrum allocations for the operators. When deciding on the priorities and the time flow of the introduction of the different aggregation types the tight time plan of the LTE work should be kept in mind. It should also be noted that complexity compared to WCDMA is already  increased due to e.g. flexible bandwidths and not to delay the first introduction of systems and mobiles Ericsson proposes a phased approached.

It is proposed in this document that Type A aggregation should be replaced with a wider carrier. It is also proposed that Type B and C should not be required at the first introduction of LTE and that Type B/C UL should be given lower priority than Type B/C DL. Due to all flexibility in the current LTE assumption it might be beneficial if the different possible aggregation types could be limited and maybe reduced to one possible type. 
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