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1 Introduction

The aim of this document is to provide information to RAN2+3 regarding the discussion triggered in RAN4 by a number of operators on the need for a spectrum aggregation function. The intention is to focus on the complexity study in RAN4, while providing this for information to the other WGs also, so that they may have a chance to provide early comments. More detailed information can be found in [1].

2 Resource Aggregation
TR 25.913 contains the following text in section 8.1 relating to the support for diverse spectrum arrangements:
1)
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.
2)
The degree to which the above requirement is supported is conditioned on the increase in UE and network complexity and cost.
3)
 A "Radio Band Resource" is defined as all spectrum available to an operator.
Here we consider 5 types of resource aggregation over different Radio Band Resources in order to facilitate further discussions on whether the added complexity is justified.

Note that resource aggregation here refers to any mechanism used to transfer data to the UE over parallel channels in either of the UL or DL directions.

Note that figures below show same bandwidth scenarios, but different bandwidth scenarios are equally valid.

2.1
Resource aggregation type 1 - over adjacent channels in the same band with same content

The figure below shows an example of this case for a FDD scenario. In this example two radio channels of 1.25 MHz are combined in order to form a higher bandwidth channel. This form of aggregation would be useful in bands where spectrum allocations may not be in 5MHz multiples (e.g. band VIII, GSM900), or as a potential alternative means to achieve higher channel bandwidths e.g. >10 MHz.
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This kind of resource aggregation is only justified if its complexity is less than that involved in supporting new channel bandwidths. In the above instance, it removes the need to specify a new channel bandwidth of 2.5 MHz. Support for type 1 resource aggregation would allow the number of supported channel bandwidths to be reduced, e.g. a 15MHz channel bandwidth would no longer be required because similar performance might be expected from aggregation of a 5MHz and a 10 MHz channel, or from 3 x 5MHz channels.

The example in the figure above one shows resource aggregation over 2 channels of the same bandwidth. The utility of resource aggregation type 1 increases with an ability to aggregate over more than 2 carriers, e.g. 15 MHz using 3 x 5MHz carriers, as well over different channel bandwidths (1.25 MHz aggregation with 5 MHz).

Recommendation

This type of resource aggregation could provide a flexibility that reduces the number of channel bandwidths required, as indicated in the tables in the preceding section. The complexity of this kind of resource aggregation should therefore be studied at a high level as a priority. If the additional complexity significantly exceeds that of implementing the extra channel bandwidths, then this type of resource aggregation should not be considered further. 
2.2
Resource aggregation type 2 - over separated channels in the same band with same content

The figure below shows an example of this case for a FDD scenario. In this scenario the operator does not have a contiguous spectrum allocation and would like to aggregate blocks of spectrum in different parts of the band. This type of resource aggregation would be useful in band VIII (GSM900).


Operators may not always be able to negotiate a rearrangement of their bands in order to avoid the need for this type of resource aggregation. 

Recommendation

The additional complexity of this type of resource aggregation over type 1 should be studied, in the scenarios of aggregating channels with different bandwidths, and aggregating channels with the same bandwidths.  If significant extra complexity is involved above that of type 1, it is recommended that this type of resource aggregation is not supported. 

2.3.
Resource aggregation type 3 - over separated channels in different bands with same content
The figure below shows an example of this case for a FDD scenario. It will be very challenging in many markets for operators to acquire a large allocation of spectrum within one band to allow the high bandwidth possibilities of LTE to be realised. Type 3 resource aggregation would allow an operator to combine the spectrum in two different bands in order to offer a higher bandwidth connection than would have been available in either of the bands operating alone. For instance a band I 5 MHz channel could be combined with a band III 5 MHz channel.   

However, the additional complexities of aggregation across different bands need to be carefully considered. The different propagation characteristics of the bands will result in different coverage areas & performance on the different bands. In the case of a large difference in frequency, an operator may choose to employ different cell plans, leading to differing handover points and serving base stations for the two bands. Furthermore, when the bands are closely spaced, the DL of the lower band pair may be close to the UL of upper band pair, creating a challenging filtering issue for the UE receiver.
It should also be noted that the support of this kind of aggregation requires the operator to deploy transceivers and antennas systems for both of the bands.  
Therefore, while the utility of type 3 resource aggregation might be considerable, this would also seem to be matched by substantial complexity.
Recommendation

Given the need to progress the LTE development quickly, it is recommended that this type of resource aggregation is given secondary priority with respect to other resource aggregation types..
2.4
Resource aggregation type 4 - DL broadcast channel and bidirectional channel in the same band

The figure below shows an example of the case for simultaneous reception of downlink broadcast channel with a bidirectional channel. This type of resource aggregation could be used in band III, VII, and VIII. 

The complexity of this type of resource aggregation is expected to be significantly less than that of types 1-3, since there is no need for the UE to implement an aggregation on the uplink and in the downlink a “simultaneous reception is requested without content sharing from a L1 point of view. However, in the FDD case where the UL & DL spectrum allocations are equal, the use of DL spectrum for DL-only broadcast may result in a poor utilisation of UL spectrum.  
Recommendation

The poor utilisation of UL resources makes the implementation of this kind of resource aggregation uncertain. This type of resource aggregation should therefore be considered to be of [secondary] priority. 

2.5
Resource aggregation type 5 – DL broadcast channel and bidirectional channel in the different bands 
The figure below shows an example of the case for simultaneous reception of downlink broadcast channel with a bidirectional FDD channel in different bands. An example of possible bands would be the use of band VII paired spectrum in conjunction with the DL of a paired or an unpaired band from band I, III, VII or VIII for the broadcast service.

The complexity of this type of resource aggregation is expected to be significantly less than that of types 1-3, since there is no need for the UE to implement resource aggregation on uplink and in the downlink a “simultaneous reception is requested without content sharing from a L1 point of view 
Recommendation
Despite the current absence of  a clearly identified band (paired or unpaired) for such broadcast applications, this type of resource aggregation should be considered with a high level of priority.

The choice of the band and the channel BW to consider for both services (broadcast & bi-directional ) during the RAN4 complexity study of this resource aggregation type are still to be decided.
Reference
[1] R4-051146, China Mobile, Cingular, NTT DoCoMo, O2, Orange, Telefonica, TIM, T-Mobile, Vodafone, [TeliaSonera], “Some operators requirements for prioritisation of performance requirements work in RAN WG4”.
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