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Introduction

Within the context of the newly opened Work Item for Downlink Dual Carrier, it is now necessary to start discussing to a deeper level of detail a number of aspects of this feature. 

A first attempt at this was made during 3GPP GERAN WG2 #28bis [1].  During the associated discussion, it emerged that some clarity needs to be made on the uplink usage associated with the two carriers assumed by the Downlink Dual Carrier feature.
The present paper therefore discusses such uplink aspects and proposes some options upon which to base a discussion.
2
 Behavioural permutations
2.1 Basic Assumption

When considering the uplink behaviour associated to a Dual Carrier configuration, different options are possible.
In the following, a basic assumption will be made, which is:
· Within a given TDMA frame, the MS always transmits over the same carrier. 
It is important to note that without such an assumption a new set of switching rules and possibly new multislot classes are likely to be needed. 
Agreement (or disagreement) on such assumption is essential to progress on even a basic understanding of the fundamental working aspects of the system.
2.2 Further assumptions
In the following, it is also assumed that an option exists where the carrier over which the MS transmits may change from radio block to radio block for whatever reason. 

Such potential reasons and the associated trade-offs will be further discussed in Section 3. 

No limitation was put here on such “uplink carrier switching” to prevent loss of generality. However, it is likely that such a limitation would further simplify the definition of the system. 
2.3 MS side
It is expected that one of the two uplink/downlink pairs associated with the dual-carrier configuration will carry the PTCCH. Thus, this may mean that, for the mobile station point of view, there is one carrier which is on a higher footing that the other.

Therefore, from the mobile station point of view, two different expectations can exist with respect to USF scheduling

· The MS expects that the network schedules USF’s for him/hers only on the PTCCH carriers

· The MS expects that the network may schedule USF’s for him/hers on any carrier

Of course, the point above is associated to two potential options that might exist with respect to UL transmission (in terms of what the MS expects to be told and of what the network knows it can do)
· The MS expects it can be scheduled on only one of the two carriers

· The MS expects it can be scheduled on either of the two carriers
· “Which one” between the two carriers could be determined 

· In “real time”, together with the USF itself

· Through some separate message

2.4 Network side
It is expected that one of the two uplink/downlink pairs associated with the dual-carrier configuration will carry the PTCCH. Thus, this may mean that, from the network point of view, there is one carrier which is on a higher footing that the other.

Nevertheless, two options exist also for the network 

· The NW can address the MS only on the PTCCH carriers

· The NW can address the MS on any carrier

2.5 Summary
The possible combinations are summarized by the following table

Note that

· “The MS can be UL-scheduled only on one carrier” means that there is a long-term preconfigured operating uplink carrier for that MS

· “The MS can be UL-scheduled on either of the two carriers” means that there is no long-term preconfigured operating uplink carrier for that MS. In other words, it means that “uplink carrier switching” is allowed

	What the MS expects
	What the MS can do

	
	The MS can be UL-scheduled only on one carrier
	The MS can be UL-scheduled on either of the two carriers

	The MS expects the NW to send its USF
 only on the PTCCH carrier
	The MS knows it can limit its monitoring to one DL carrier

The other DL carrier is used to schedule other mobiles in the uplink
	The MS needs to know which carrier the USF refers to (as part of the USF schedule or with a separate command)

The other DL carrier is used to schedule other mobiles in the uplink

	The MS expects that the NW may send its USF on both carriers. 

The two USF’s end up being the same
	The MS is expected to monitor the USF on both carriers.

The MS knows which carrier to transmit upon (i.e. how to apply the USF)

May be useful for robustness, but uplink radio resources are wasted.
	The MS is expected to monitor the USF on both carriers.

The MS needs to know to which carrier the USF refers to (as part of the USF schedule or with a separate command)

May be useful for robustness, but uplink radio resources are wasted.

	The MS expects that the NW may send its USF on both carriers. 

The two USF’s end up being different
	(this should be an abnormal case with respect to the previous row)

The MS is expected to monitor the USF on both carriers.

In case of conflict like this one, the MS considers the USF sent on the DL carrier corresponding to the UL carrier on which it can transmit. The MS discards the other.

The other USF cannot be for another MS, so uplink radio resources are wasted also in this case.
	The MS is expected to monitor the USF on both carriers.

Either the MS is allowed to pick which USF to obey, or the MS always gives more priority to one of the two carriers (decided by default or through some separate command)

The other USF cannot be for another MS, so uplink radio resources are wasted also in this case.
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UL Carrier Switching
Section 2 can be seen as related only the TDMA frame level. One additional aspect exists “above” the TDMA frame level, which is
· Should there be the option to switch the UL carrier of the MS from a TDMA frame to another?

This seems an architectural discussion where pros and cons have to be weighted
On the pro side, such flexibility would allow the network to effectively perform multiplexing, and potentially link adaptation, of the mobile stations over an additional dimension. The uplink carrier switching could for example be signalled through the downlink, with an appropriate indication of which, at any point in time, is the expected uplink operating carrier for a given mobile station. Such indication could be part of the USF scheduling. If pursued, this should be subject to further study.
On the con side, there would obviously be an additional level of complexity. More specifically, the system should be able to cope with all the error case where the network and the mobile station lose “synchronization” as to what is the expected uplink operating carrier.  
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Conclusions 
This paper has discussed some aspects related to the uplink aspects associated to a downlink dual carrier architecture. It appears evident that even an apparently slightly more complex assumption might lead to a large number of corner cases. 

In particular, the following areas need further discussions
· How should USF scheduling be designed to work

· Should there be an option to switch the uplink operating carrier for a given MS on a per radio block basis
The present paper has attempted to sketch a framework to handle such issues and the associated behaviour.
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