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1. Introduction

According to [1], E-UTRA should (be able to) operate in spectrum allocations of different sizes. More specifically, for the E-UTRA evaluation phase the assumption is that E-UTRA should be able to operate in spectrum allocations of size 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz
.

The following could be noted:

· Strictly speaking one could argue that, with a single relatively narrow transmission bandwidth, one could operate also in larger spectrum allocations. However everyone seems to understand that the above stated requirement implies that E-UTRA should support different transmission bandwidths that are matched to the different spectrum-allocation sizes.
· What are specified above are the different spectrum-allocation sizes in which E-UTRA should be able to operate and not the exact E-UTRA transmission bandwidths. In order to allow for sufficient guard bands the actual E-UTRA transmission bandwidths, measured e.g. at the -3 dB point, will obviously be smaller than the corresponding spectrum-allocation sizes given above. For example, a 1.25 MHz spectrum allocation probably corresponds to a transmission bandwidth closer to 1 MHz. However, to simplify the discussion we will, for the remaining of the paper, use the term “bandwidth” together with the spectrum-allocation sizes above.

It is assumed that a network could be deployed with any of the specified transmission bandwidths, ranging from BWmin = 1.25 MHz up to BWmax = 20 MHz. On the other hand, a UE may not necessarily support all bandwidths up to BWmax, but may be limited in bandwidth capability up to a certain maximum bandwidth BWmax-UE. In other words, BWmax-UE may be a UE capability.
Note that this discussion can be carried out independently for uplink and downlink. A network could be deployed with different transmission bandwidth for uplink and downlink. Also, a UE may support different maximum transmission/reception bandwidths for uplink and downlink. 
2. UE maximum-bandwidth capability

A first question is then: What is the maximum transmission/reception bandwidths that all UEs must support or, in other words, what is the minimum allowed value for BWmax-UE for uplink and downlink? 

In order to minimize network complexity and to guarantee that LTE can provide a substantial leap in performance and capabilities vs. Release 6
, we propose that the minimum allowed value for BWmax-UE should be at least 10 MHz for both uplink and downlink. It should be noted that this does not mean that 10 MHz of spectrum is needed for E-UTRA. However it does mean that, if an operator is deploying E-UTRA in a 10 MHz spectrum allocation, he/she should be convinced that he/she can fully utilize this spectrum to provide high-quality services with high performance to the subscriber.

3. Mixed-bandwidth operation – 10 MHz UE in 20 MHz cell

Even if a relatively high minimum value for the UE maximum-bandwidth capability is agreed upon, there will be situations when a UE enters a cell with an overall transmission bandwidth larger than the UE maximum-bandwidth capability (Assuming a UE with a maximum-bandwidth capability of 10 MHz, this will happen if the UE enters a cell with an overall bandwidth of 20 MHz). A future LTE standard must be designed to handle this situation, i.e. ensure that all UEs can access any cell regardless of the overall transmission bandwidth used for the cell. 

One solution to, or rather avoidance of, the above problem is to set the minimum value for the UE maximum-bandwidth capability to 20 MHz, i.e. in practice state that the maximum supported bandwidth is not a UE capability.  From a network-complexity point-of-view, this is obviously the most attractive solution. However, the remaining of this paper discusses the situation when this alternative is not possible. 

To simplify the discussion, let us here assume that the minimum maximum-bandwidth capability is 10 MHz, as suggested above. It must then be ensured that a network operating at a 20 MHz bandwidth can be accessed by a UE with a maximum-bandwidth capability of 20 MHz.

First we assume that the 10 MHz UE acquires the 20 MHz cell using the normal acquisitions channels (synchronization channel, broadcast channel, etc.) of that cell. This means that the acquisitions channels must, also for a 20 MHz carrier, be limited to a bandwidth equal or less to 10 MHz (in the general case equal or less than the minimum maximum-bandwidth capability). This is in line with the proposals for cell search presented in e.g. [4]
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Figure 1:
In order to distribute the load over the entire 20 MHz cell bandwidth, the 10 MHz UE must then be “moved” to a certain 10 MHz sub-band of the overall 20 MHz cell transmission bandwidth. In the example shown in Figure 2, the 10 MHz UE is moved to the lower 10 MHz sub-band.
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Figure 2: A 10 MHz UE “moved to” (“camping on”) the lower 10 MHz part of a 20 MHz carrier
It should be noted that the UE must temporarily “move back” to the center of the 20 MHz bandwidth in order to carry out cell search for handover candidates, etc. This is similar to the situation typically experienced in case of inter-frequency handover.  

Another potential issue with the situation in Figure 2 is that the lower part of a 20 MHz carrier (the grey area in Figure 2) will not look exactly like a “normal” 10 MHz transmission. As one obvious example, a normal 10 MHz carrier is currently assumed to consist of 601 sub-carriers, out-of-which one sub-carrier is a non-used DC carrier, see e.g. Table 7.1.1.1.2-1 of [3]. The 10 MHz band received by a 10 MHz UE in Figure 2 does not obviously consist of exactly 601 carriers and it clearly does not include a DC carrier. Although this, in no way, implies an un-solvable problem it does lead to a need for specific consideration when writing the specification. In principle one has to cover two cases for 10 MHz UEs:

· A 10 MHz UE on a 10 MHz carrier

· A 10 MHz UE on a 20 MHz carrier
This effort will obviously increase further if the minimum UE maximum-bandwidth capability is even smaller.  This speaks further in favor of mandating at least 10 MHz as the minimum maximum-bandwidth capability.

It should be noted that the above issue is not the same kind of issue for the uplink as the uplink is a many-to-one, rather than a one-to-many transmission scenario.
An alternative, specification-wise more clean solution implies that one does not specify a specific 20 MHz transmission bandwidth. Instead 20 MHz reception is seen as the reception of two 10 MHz carriers in parallel according to Figure 3. Note that this would not imply two separate RF chains but simply that the OFDM demodulation is carried out in two parallel, approximately half as large, processing steps. Also note that, although this is not illustrated in Figure 3, the carrier spacing between the two 10 MHz carriers, could be less than 10 MHz as the two carriers, obviously, are co-located. This would reduce any possible problems with reduced guard bands for this alternative 20 MHz transmission scheme.
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Figure 3
4. Summary, conclusions, and recommendations

It is recommended that a high value, at least 10 MHz, is adopted as assumption regarding the minimum value for the UE maximum-bandwidth capability for both uplink and downlink. 20 MHz should be considered as minimum value for the UE maximum-bandwidth for the downlink.

For the case of an overall cell transmission bandwidth larger than the minimum maximum-bandwidth capability (20 MHz cell transmission bandwidth assuming 10 MHz is adopted as the minimum maximum-bandwidth capability), two alternatives have been outlined

· Defining a specific 20 MHz transmission bandwidth. Special care must then be taken in the specification to allow for 10 MHz UEs to access this cell

· Implementing 20 MHz as an aggregation of two 10 MHz carriers. 
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� Targeting other spectrum-allocation sizes smaller than 5 MHz has been suggested in e.g. [2] and [3].


� Note that the performance benefits of LTE compared to UTRA release 6 currently captured in TR25.814 is mainly due to somewhat unfair assumptions regarding antenna configurations and receiver structures for UTRA release. We believe that the main benefits of LTE in terms of performance and capabilities, will be due to a wider bandwidth. Ensuring wide-bandwidth capabilities of all LTE user equipment may thus be critical to the success of LTE.





_1200322342.doc










10 MHz











20 MHz
















_1200322533.doc


20 MHz























10 MHz












_1200322292.doc






20 MHz











10 MHz




















