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Lowering the Introduction Risk of early Downlink Dual Carrier Mobiles
1 Discussion
Some networks may introduce newly standardized features long other networks introduce them, and the new feature is not necessarily introduced throughout the whole of network. It is important that it should be possible to introduce mobile stations supporting DDC without compromising their performance in single carrier mode. It should be possible to reuse legacy software in the MS for GPRS timeslot allocation in single carrier mode, which is of considerable complexity and possibly handles many hundreds of different configurations. The aim is to ensure that legacy single carrier software, which has been tested many network configurations, can continue to be used with extremely low risk of impact from DDC. 
On the other hand, it is desirable to achieve the maximum performance from any newly introduced feature, and for this reason it has been accepted that, for dual carrier configurations, the number of received slots for some classes of mobile per carrier can be increased on each carrier relative to the single carrier configuration. For example, a mobile having a receive path class 12 radio capabilities can receive 4 slots in single carrier mode; however if it equipped with two class 12 receive paths then by using more sophisticated measurement strategies, and sharing the measurement work between the two rx paths, it can actually receive 5 slots on each carrier. Therefore the concept of 'Equivalent multislot class' has been introduced, to allow the possibility of enhanced operation in dual carrier configurations while allowing legacy behaviour in single carrier configurations. 
This contribution considers three practical strategies to introduce DDC mobiles, all of which are supported by the existing standards.

1.1 Most Cautious Strategy: Leave GPRS allocation and measurement software completely unchanged

In this strategy, the legacy single carrier allocation logic is not changed at all. The MS is simply re-engineered so that two carriers can received side by side, using two rx paths. One implementation approach might be to completely duplicate the radio receivers and layer 1 baseband resources, while adding a small amount of new software to demultiplex the data streams coming from the two receivers.
The merits of this approach are summarized in the table below. Note that the existing standards have been designed to support this approach at the explicit request of WG1 delegates.

	Summary of “Most Cautious Strategy”
	

	Advantages
	Minimum impact on legacy GPRS software

Minimum risk to legacy single carrier performance.
	

	Disadvantages
	Cannot support full downlink data rate capabilities of DDC configuration. For example, a class 12 receiver could only receive 8 slots in downlink dual carrier configuration.
	


In summary, this strategy may allow implementers to rapidly introduce DDC mobiles with comparatively low development cost. Although these mobile would not achieve the highest possible performance in DDC and might not be optimized in terms of implementation cost, their rapid introduction would be beneficial.
1.2 Intermediate Strategy: Leave single carrier GPRS allocation and measurement software completely unchanged, but implement fully capable dual carrier capabilities 

In this we assume that the software can be is structured as follows.

(1) Legacy GPRS code base: handles single carrier GPRS allocations. This software will not be changed at all for DDC.
(2) DDC Extensions to code base: handles dual carrier configurations. Consists of new software, this may reuse part of code base (1), but only provided that software in (1) is unchanged. 
In single carrier configurations, only (1) will run. In dual carrier configurations (2) and possibly parts of (1) will run only when a dual carrier allocation is used. Item (2) is of course  new software. It only runs in DDC networks, and only when a dual carrier assignment is used. 

	Summary of “Intermediate Strategy”
	

	Advantages
	-No need to comprehensively re-test the mobile in legacy single carrier GPRS configurations since these are handled by (1), which has not changed. Therefore rigorous testing can be limited to the new code base (2), which is new.

- Fully supports maximum DDC downlink capabilities
	

	Disadvantages
	May not achieve the most efficient and integrated implementation of DDC and single carrier. If instead we allowed (1) to be modified (see below), then it may be possible to support closer integration of (1) and (2).
	


The advantage of this strategy is that the early introduction of high performance DDCs mobile can be achieved with confidence that its legacy GPRS operation is not ‘broken’ by the introduction of DDC.

1.3 Optimized product cost Strategy: Develop a fully integrated single mode and DDC software

In this strategy fully integrated single carrier and DDC software is developed, with no attempt to leave the legacy single carrier software unchanged. This strategy may be a useful strategy for later DDC mobiles, should DDC successfully achieve widespread introduction. The entire code base and functionality would of course need to be comprehensively tested on both single and dual carrier configurations. But provided the implementation efficiencies were sufficient, the extra development and testing time might be justified.

	Summary of “Intermediate Strategy”
	

	Advantages
	Achieves most optimized implementation
	

	Disadvantages
	Single carrier operation needs to be redeveloped and fully retested.
	


2 Discussion and Conclusion
At present the standards support any of these three introduction strategies above and provide an attractive introduction path for DDC. However in Ref A, it was proposed that the concept of  'Equivalent multislot class' be removed from the 45.002, and that for those mobile that support Downlink Dual Carrier operation, it should be required that the maximum number of timeslots that can be assigned per carrier be  independent of the number of carriers in the current configuration. Unfortunatly this would remove the possibility of using the “Intermediate Strategy” described above, for early DDC mobiles that wish to achieve high performance in DDC mode. This would impose unnecessary testing and verification costs on early DDC mobiles, potentially discouraging the introduction of high performance DDC mobiles.

This document has discussed three development strategies for DDC mobiles and shows how the concept of ‘Equivalent multislot class’ can be used to provide a low cost low risk route to the introduction of high performance DDC mobiles. The value of the idea of ‘Equivalent multislot class’ is clear.
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