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1 Hybrid ARQ for HSDPA

The HARQ schemes proposed for HSDPA can be divided into two broad categories, Chase combining and Incremental redundancy (IR). In IR based schemes, the retransmissions contain additional redundancy in order to provide coding gains.  Chase combining is a special case of IR where all the retransmissions are identical to the original transmission. Therefore, with Chase combining the retransmissions provide additional energy without any coding gains. An IR scheme can always be operated in a Chase combining mode.

Both Chase and IR based HARQ schemes need buffering in order to store the soft samples from unsuccessful transmissions. In general, the buffering required for IR is greater than that needed for Chase combining. However, if a UE has certain soft buffering capacity that is not fully utilized due to e.g. limited number of codes assigned for HSDPA transmission, this additional capacity can always be used for IR in order to provide better performance. It is also possible to use IR with fewer than the maximum number of HARQ sub-channels while Chase combining could use the maximum number of HARQ channels allowed. An extensive set of results giving performance comparison of different HARQ schemes was presented in WG1. The HARQ schemes were also compared with simple fast ARQ (i.e. no combining of retransmissions at the receiver) scheme that needs no soft buffering. Following conclusions can be drawn from these simulations results [2]-[7]:

· At 3.0Km/h speed, without any additional channel estimation errors due to inaccurate measurements at the receiver, non-adaptive HARQ schemes provide no significant gain over simple link adaptation i.e. Fast ARQ, Chase and non-adaptive IR provide similar performance [6]. However, adaptive IR scheme provides gains even at 3.0 Km/h speed because it provides larger data rate granularity (by performing HARQ transmissions for the same code block at different data rates). 

· At 30.0 Km/h speed, the performance improvements due to non-adaptive IR scheme over Chase combining are in the 15-24% range. The adaptive IR scheme (A2IR) provides 52-100% improvement (or 3.0dB [7]) over a Chase combining scheme [2]. Note that the soft buffering needed for A2IR is the same as for non-adaptive IR.

· In the presence of channel estimation errors due to inaccurate measurements and/or due to delay in channel quality feedback (relative to the UE speed), HARQ schemes provide clear performance benefit over Fast ARQ. However, under these conditions, IR based HARQ schemes always outperform Chase combining. For example, with 3.0dB channel estimation error, a simple non-adaptive scheme gives 34% improvement over Chase combining even at 3.0 Km/h UE speed [5].

· For the same soft buffering capacity of the UE, IR based schemes would have to use fewer HARQ SAW channels as compared to Chase combining. Even in such situations, IR based HARQ schemes outperform Chase combining [4]. Therefore, from the performance point of view it is always better to use IR even if the maximum number of HARQ sub-channels cannot be used due to limited buffering capacity of the UE.
2 Conclusion and Recommendation

The incremental redundancy (IR) based HARQ schemes provide better performance compared to Chase combining in all the HARQ operating regions. The performance of IR and Chase is similar only in the region (3.0 Km/h with no channel measurement errors) where there are no HARQ gains over a simple Fast ARQ (i.e. link adaptation) scheme. Even under this idealized condition, adaptive IR schemes perform better than either Chase combining or non-adaptive IR due to improved rate granularity. Note that in a real situation there will always be some channel measurement error. For the same UE complexity in terms of soft buffering, the IR based schemes using smaller number of HARQ sub-channels still provide improvement over Chase combining. The IR based schemes need 1-2 bits of additional signalling in order to indicate the redundancy version. The IR based schemes can always operate in Chase combining mode without requiring any additional signalling if desired. 

In summary, IR provides a preferred solution for HSDPA in order to get maximum HARQ gains. 
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4 Annex

Table 1 Performance Comparison of different HARQ schemes without any channel measurement errors [2]
	HARQ Scheme
	3.0 Km/h
	30.0Km/h

	Non-Adaptive IR versus Chase
	Non-adaptive IR and Chase give similar performance
	Non-adaptive IR provides 15-24 % improvement in the number of UEs and system throughput

	Adaptive IR versus Non-Adaptive IR
	Adaptive IR provides 25-51% improvement in the number of UEs and system throughput
	Adaptive IR provides 25-51% improvement in the number of UEs supported and 21-47% improvement in system throughput

	Adaptive IR versus Chase
	Adaptive IR provides 25-51% improvement in the number of UEs and 23-51% improvement in system throughput
	Adaptive IR provides 52-100% improvement in the number of UEs and 52-98% improvement in system throughput


Table 2 Performance Comparison of different HARQ schemes with channel measurement errors [5]
	
	Gain of IR based schemes over Chase combining

	
	3.0Km/h
	30.0Km/h

	
	1.5dB Error
	3.0dB Error
	1.5dB Error
	3.0dB Error

	NAIR vs. Chase
	~15%
	~34%
	~15%
	~24%

	A2IR vs. Chase
	~67%
	~67%
	~50%
	~50%


Table 3 Performance Comparison of Fast ARQ and HARQ schemes without channel measurement errors[6]
	AMC/HARQ Scheme
	3.0 Km/h
	30.0Km/h

	Fast ARQ versus Chase
	Fast ARQ, Non-adaptive IR and Chase give similar performance
	Chase combining provides 33-42% improvement over Fast ARQ

	Fast ARQ versus Non-Adaptive IR 
	
	Non-adaptive IR provides 54-79% improvement over Fast ARQ

	Fast ARQ versus Adaptive IR
	Adaptive IR provides 23-51% improvement over Fast ARQ
	Adaptive IR provides 100-113% improvement over Fast ARQ
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