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1. Introduction 

Two methods for HARQ have been proposed used in HSDPA, incrementa redundancy and Chase combining. This document focuses on the increased buffer requirement that incrementakl redundancy will enpose. Other concerns are extra signalling required and the complexity of the implementation.

2. Performance
In our opinion, we have not seen enough gain from IR to justify the higher buffer requirements and increased complexity. Our own simulations have shown no significant increase in system capacity from using IR [1]. With no gain and a serious increase in memory consumption, we see no reason for including IR in the specifications. 

3. Memory consumption
In this section, we show the increase needed in buffer capacity when using IR instead of Chase combining is HSDPA. Memmory requirements for both variations of Chase combining, Symbol combining and Log-Likelihoood-Ratio (LLR) combining, will be shown. The following table shows the system parameters used for calculating the memory requirements.

	System parameters
	Value

	Spreading factor
	16

	ARQ N
	6

	Number of codes available for HS-DSCH
	15

	TTI length
	3 slots


In Symbol Chase combining I- and Q- samples are stored, while in LLR Chase combining, one stores LLRs for all channel bits received, systematic and parity. Incremental redundancy requires memory capacity to store all systematic and parity bits of the base code. 

With the parameters above, we get the following maximum memory requirements:

	
	¾ rate 16-QAM

	HARQ scheme
	Memory (Words)
	Factor to Symbol Chase

	Symbol Chase combining
	86,400
	1

	LLR Chase combining
	172,800
	2

	Incremental Redundancy (Base code rate 1/3)
	388,800
	4.5

	Incremental Redundancy (Base code rate 1/6
)
	648,000
	7.5


It should be noted that the number of bits used in quantization of 16-QAM symbols will be higher than for LLR values. If the comparison was done based on the number of bits needed, the factors for LLR Chase combining and IR would typically be reduced by 10-20%.

With the questionable gain shown from IR, it is evident from these calculations that the increase in memory consumption is a problem from an UE implementation point of view, even if the alternative to IR is LLR Chase combining. The increase in buffer capcity needed for IR compared to LLR Chase combining is still a factor of 3.75 or 2.25 for base code rate 1/6 and 1/3 respectively. Having in mind that the memory requirements for UEs supporting HSDPA are already huge, more than doubling the memory requirements is not acceptable.

It has been suggested that one could have the memory capacity of the UE as a UE capability. The network will then know how much memory the UE has available and IR can be used as long as there is memory available. This means that Chase combining will have to be implemented for the higher data rates. However, as long as we have seen no significant performance advantage for IR over Chase combining, we think that it is not justified to include IR with the extra work and testing associated.

4. Conclusion
We have not seen significant reasons for including IR to the HSDPa specifications at this time. It is clear that for UEs capable of receiving the higher HSDPA data rates, Chase combining is the only alternative for buffer size resons. This means that Chase combining will be implemented. With limited use of IR, we do not see that the claimed gain large enough to justify the additional work required for the implementation.
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� In the memory calculations for base code rate 1/6 it is assumed that the interleaved systematic bits are not sent and need not be stored.





