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1 Introduction

At the RAN WG2#62bis meeting in Warsaw, it was agreed to use the L2 architecture proposed in [1] for DC-HSDPA operations.  This architecture allows the reception of two HS-DSCH transport channels, each having its own (separate) HARQ entity.  If each HARQ entity can support 8 HARQ processes, then a total of 16 HARQ processes are available in DC-HSDPA operations.   
During RAN2 discussion it was stated that the proposed architecture does not imply that these HARQ entities are associated to a specific cell. If the HARQ entities are not associated to a specific cell (“cell-independent HARQ”), the scheduler has more flexibility to perform for instance HARQ retransmissions on a carrier different from the one used for the first transmission. On the other hand, there may be signaling impacts since a carrier could now transmit data from any of the 16 HARQ processes, while the current HS-SCCH type 1 can only signal 3 bits for the HARQ process number. Thus there would be need to modify how HARQ processes are identified, for instance by using techniques similar to what has already been discussed [3] to enable cross-carrier signaling. Such impact would be avoided if the HARQ entities were linked to specific cells (“cell-dependent HARQ”), since each carrier could transmit data from any of 8 HARQ processes only. 
Thus a decision has to be made on whether the HARQ entities are cell-dependent or cell-independent. This contribution analyzes the potential gains achieved by the cell-independent HARQ over cell-dependent HARQ to help making that determination.
2 Analysis
To help estimate the performance improvement resulting from using cell-independent versus cell-dependent HARQ entities, the following computer simulation experiment was conducted:
· For each of the typical 3GPP channel types (PA3, PB3, VA3, VA30, VA120), two independently fading channels with temporal correlation were generated (one for each carrier) for the duration of several hundreds of TTIs;
· For each TTI, the cumulative channel fading gain over all HARQ retransmissions is calculated assuming fixed retransmission intervals of 8 TTIs:
· Cell-dependent HARQ entities: the carrier having the best channel condition for the first transmission is chosen for all subsequent HARQ retransmissions;

· Cell-independent HARQ entities: for each HARQ transmission and retransmission, the channel incurring the best condition is chosen.
Figure 1 shows the average improvement (in dB) when using cell-independent versus cell-dependent HARQ entities for different channels and total number of HARQ transmissions.  Improvements close to 1dB in magnitude can be observed for certain channel types.
It is always better to schedule the retransmissions over the carrier with the best conditions; the improvement will thus be more important for fast varying channels and large number of retransmissions as it is more likely that the channel conditions change when compared to the original transmission.
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Figure 1: Average improvement of using cell-independent HARQ over cell-dependent HARQ.
In Figure 2, the CDF of the cumulative channel fading gain for the VA30 channel is shown for 1, 2 and 4 HARQ transmissions for the strategies of interest: single-carrier (SC), dual-carrier (DC) with cell-dependent and cell-independent HARQ entities (DC-Dep. and DC-Indep., respectively).  Note that for 1 HARQ transmission, DC-Dep. and DC-Indep. are the same and only one curve is shown (labelled DC (1 Tx)).  In general, a substantial benefit can be observed between SC and DC approaches, and a significant benefit can also be observed between cell-independent and cell-dependent HARQ entities approaches, especially for 4 Tx. 
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Figure 2: CDF of the cumulative channel gain for VA30.
To maximize spectrum efficiency, a typical NodeB would schedule transmissions to a given UE when the channel conditions to that UE are good.  This concept is captured in Figure 3 where the average improvement for PA3 is shown as a function of the initial channel fading gain percentile.  As expected, the most gain can be achieved when the initial channel conditions are not favourable, but substantial improvements can also be achieved at larger percentile.
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Figure 3: Average gain vs. the initial channel conditions.
3 Summary

A summary of the various options discussed in this document is provided below.  
	Option
	Pros
	Cons

	Cell-dependent HARQ 
	Simple solution.
Use of existing signaling/HARQ process identification 
	Loss of performance due to retransmissions sent over the same carrier.


	Cell-independent HARQ
	Take full advantage of diversity offered via frequency selective combining.
Full scheduling flexibility (all 16 HARQ processes available to both carriers).
	Additional complexity due to introduction of new signaling/HARQ process identification.


4 Conclusion
This contribution has investigated the potential performance gains of using a cell-independent HARQ for dual-cell operation, compared to a cell-dependent HARQ.
It was shown that the gains can be significant (up to about 1 dB) depending on the multipath channel and speed (the gain increasing with the speed). The gains increase with the number of HARQ transmissions. 

The gains appear to be attractive enough to consider introducing the changes to support HARQ process identification, if the complexity of these changes is low.
Proposal 1:
Discuss and agree on whether HARQ should be cell-independent or cell-dependent
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