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1 Introduction

For HARQ in LTE there are two options debated. Either the HARQ could be operated in synchronous or in asynchronous mode ‎[1]. 
This contribution adds arguments to the discussion based on considerations on the required control signaling and on the introduction of longer TTIs.

2 Discussion
2.1 General

For both, asynchronous and synchronous HARQ, it is assumed that the ACK/NAK signalling is synchronous. The difference of both schemes lies in the timing relationship of retransmissions. For a synchronous concept, the retransmission is performed at a pre-specified time-instance while in the asynchronous case, the time of the retransmission is determined by the scheduler and is in general not known by the receiver.
2.2 Requirements

For the design of the HARQ concept the following requirements should be considered when arguing about synchronous vs. asynchronous HARQ:

· Minimum retransmission delays

· Minimum L1 control signalling

· Flexibility in scheduling retransmissions

At least the requirements on minimizing the control signalling and having flexibility for the scheduling decisions of retransmissions, a reasonable compromise is needed, since they are excluding each other. Full flexibility means more signalling and vice versa.
Note, that in principle it is possible to select two different schemes for uplink and downlink.
2.3 Asynchronous HARQ

The main advantage of an asynchronous HARQ is the possibility to postpone a retransmission, if the current radio quality estimates indicate more favourable conditions for another user. Then, the other user can be served instead of performing the requested retransmission. Note that QoS requirements are only a theoretical argument in favour of an asynchronous HARQ concept, because in practical scenarios, HARQ retransmissions should be preferred in most cases over new transmissions.
The flexibility to postpone HARQ retransmissions requires an increased amount of signalling. At least the HARQ-related control information (HARQ process number, Redundancy Version) needs to be signalled for the retransmission. But full scheduling flexibility is only achieved when also the resource allocation for the retransmission is decoupled from the original transmission. That means that also the resource block specific control information (which resource blocks are assigned to that user) needs to be signalled. The size of this control information is likely to be several times the HARQ-related control information and therefore potentially a big burden (see also Section ‎2.5). 
2.4 Synchronous HARQ
A synchronous HARQ has the advantage of less control signaling. This is in particular true for the non-adaptive operation mode, i.e., the same or deterministically predictable resource blocks are used for the retransmission and thus do not need to be signaled again. 
Furthermore, a synchronous HARQ fits well to the proposal of semi-static longer TTIs ‎[5].

The disadvantage of not providing scheduling flexibility is at least alleviated by the fact that first retransmissions have a high priority and should occur as soon as possible, and second that radio conditions often vary slowly compared to the roundtrip times considered for the hybrid ARQ so that the re-use of exactly the same resource blocks is a good choice.
2.5 Comparison

As the amount of L1 control signalling is one important criteria to decide whether the HARQ should be operated in a synchronous or asynchronous fashion, Table 1 provides an overview which and how much control signalling is required for both schemes if one original transmission and one retransmission is performed. The numbers are based on ‎[2], ‎[3]. An estimate was made for the RB allocation information and the multi-antenna related information. 
Table 1: L1 Control Signaling, Downlink

	Information Element per TTI
	Asynch. HARQ, dynamic
	
	Synch. HARQ, cell specific, semi static TTI
	

	
	First Tx
	ReTx
	First Tx
	ReTx

	L1 control signalling
	
	
	
	

	RB Control Info
	
	
	
	

	UE IDs
	9
	9
	9
	

	RRB UE mapping table [FFS]
	24
	24
	24
	

	Duration of Assignment [3 bit]
	3
	3
	
	

	
	36
	36
	33
	

	Transport Format
	
	
	
	

	Modulation Scheme [2 bit]
	2
	2
	2
	

	Multi-Antenna [FFS]
	2
	2
	2
	

	Payload Size [6 bit]
	6
	6
	6
	

	
	10
	10
	10
	

	HARQ Control Info
	
	
	
	

	Process ID [3 bit]
	3
	3
	
	

	Red. Version [2 bit]
	2
	2
	2
	2

	New Data [1 bit]
	1
	1
	1
	

	
	6
	6
	3
	2

	
	
	
	
	

	Total
	52
	52
	46
	2

	First Tx + ReTx
	
	104
	
	48

	
	
	
	
	

	ACK/NACK Signals
	
	2
	
	2


Obviously, there is a significant difference in the amount of required signaling for the two cases. The difference would be even more pronounced if on average more than 1 retransmission is performed. 

Conclusion: There is a significant difference in favour of a synchronous HARQ scheme from a L1 control signaling perspective.

From a L2 perspective there are only minor differences. The performance is expected to be on par, since slightly delayed retransmissions with the asynchronous HARQ are regarded as negligible. 
These statements are equally valid for both up- and downlink. However, for the up-link case it is even more important to limit the signaling for power limited UEs to ensure good coverage.
3 Conclusions

It is proposed centre the LTE concept for both up- and downlink on a synchronous HARQ concept. 

It is proposed to remove the Asynchronous HARQ option from‎[1].
4 References

[1] 3GPP TR 25.814. Physical Layer Aspects for Evolved UTRA, v1.1.1, February 2006.

[2] R1-06xxxx, E-UTRA Downlink Control Signaling – Text Proposal, Ericsson, March 2006

[3] R1-060573, E-UTRA Downlink Control Signaling – Overhead Assessment, Ericsson, NTT DoCoMo, February 2006
[4] R2-060868, Increased TTI Length, Ericsson, March 2006

2006_03_16_R12Asynch vs Synch HARQ.doc
1/4
2006-03-20

