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Uplink Scheduling of a Downlink Dual Carrier Capable MS
1 Introduction

In the current definition for downlink dual carrier [1] it is stated that it is only possible to allocate one uplink carrier per radio block period for a downlink DC capable MS. It has not, yet, been defined how the system shall assign uplink resources to a downlink DC capable MS or how a valid USF is defined for this type of MS.  
Different proposals for how to assign uplink resources to a downlink DC capable MS are presented in this document. Some other issues regarding downlink DC are also discussed at the end of the document.
2 Allocation of Uplink Resources for a Downlink DC Capable MS
With downlink DC it will be possible for an MS to simultaneously monitor two different downlink carriers and this could be used to schedule an uplink TBF on two different uplink carriers. The benefit by scheduling an uplink TBF on two different carriers has already been described in [2]. 

Two different approaches could be used for this functionality, in the first approach it will be possible to assign two unique carriers in the uplink assignment which a downlink DC capable MS will be able to dynamically switch between. In the second approach a MS must have received a downlink DC assignment if a second carrier shall be possible to use in the uplink (i.e. only one carrier is defined in the uplink assignment). The first approach is described in more detail in section 2.1 and the second approach is described in section 2.2. 
2.1 Separate Uplink Assignment with Two Uplink Carriers 
With this proposal it will be possible to define two different carriers in the uplink assignment.This will require that the uplink assignment is changed in the same way as the downlink assignment. Different USF values will be possible to assign for the two carriers and when the MS detects a valid USF it will respond on the same PDCH on the corresponding uplink carrier (dynamic allocation). This means that for any given radio block period, the network shall at most include the assigned USF values for one of the uplink carriers. The maximum number of uplink PDCHs that can be assigned according to the multislot configuration may be assigned to both uplink carriers, as only one carrier per block period is used.
2.1.1 Benefits
· Possible to use a non-uniform assignment of PDCHs on the two carriers.

· Different USF values can be assigned for the two carriers, this increases the probability to find idle USF values. 

· Two uplink carriers can be used even though no downlink TBF is assigned.
2.2 Combined Uplink and Downlink Assignment for Two Uplink Carriers 
Two different uplink carriers could also be assigned to an MS by indicating in the downlink DC assignment that the current uplink assignment is valid for both carriers in the downlink DC assignment. A downlink DC capable MS that receives this information will assume that the USF and Timeslot allocation for all on-going uplink TBFs are valid for both carriers. This could also apply to uplink TBFs that are started during the on-going downlink DC TBF. When the MS detects a valid USF it will respond on the same PDCH on the corresponding uplink carrier (dynamic allocation). This means that for any given radio block period, the network shall only schedule the MS on one of the uplink carriers. This solution requires that the assigned USF values can be used on both carriers, but this can be hard to achieve when there is a lot of uplink TBFs.
2.2.1 Benefit

· No impact to the uplink assignment message
2.3 Preferred Solution for Assignment of Two Uplink Carriers
With the solution in section 2.1 it will possible to dynamically schedule a downlink DC capable MS on two uplink carriers even though no downlink assignment exists. The uplink resources can therefore be better utilized with this solution compared to the solution in section 2.2. 
Further, allowing assignment on different number of timeslots and different USF:s on the two uplink carriers will increase the possibility of finding available radio resources for the MS. It is therefore recommended to also update the uplink assignment in the same way as for the downlink assignment. 

3 Other Downlink DC issues 
3.1 MS Receiver Diversity and Downlink DC
The MS receiver diversity and downlink DC are two independent features that should be possible to use simultaneously. However, as stated in [2] a switching between these two features would allow for a simplified MS implementation and this would enable a faster and gradual implementation. The BSS must know if an MS can use these two features independently, or if it must switch between them, in order to achieve the maximum performance. It is therefore suggested that the MS receiver diversity capability also indicates the number of downlink carriers that are supported. 
MS_receiver_diversity (2 bit):
00 – MS receiver diversity is not supported.

01 – MS receiver diversity is supported for one downlink carrier

10 – MS receiver diversity is supported for two downlink carriers
11 - Reserved

3.2 Downlink DC with Multi band frequencies
It is today possible to use several frequency bands within the same cell and the question is if it also will be possible to use this flexibility in a downlink DC assignment? There can be cells today that consist of two carriers from two different frequency bands. If downlink DC shall be supported in these cells it must be possible to assign resources from different frequency bands to the MS.

If there is no major issue for the MSs to support this kind of configuration then it is recommended that this also is a valid configuration.
4 Conclusion

· It is proposed that the uplink assignment is updated with the ability to indicate a second carrier in order to allow a downlink DC capable MS to dynamically alternate between two uplink carriers. The network controls which uplink carrier the MS is to use by the USF values it sends on the downlink carriers.
· The MS receiver diversity capability shall indicate the number of supported downlink carriers.
· It has previously not been discussed whether or not two carriers from different frequency bands can be assigned to an MS. If it is not a major issue for an MS to handle two carriers from different frequency bands, it is recommended that this is a valid configuration for downlink DC.
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