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1 Introduction

This contribution discusses the timing operation for HARQ for Enhanced uplink for FDD. Timing aspects are to be discussed in order to determine the maximum number of HARQ processes that are to be considered in the Mac-e in order to allow for a continuous transmission (this values is still FFS in [2]). Timing discussion is also needed in order to set the requrirement in terms of ACK/NACK timing transmission. 
Whereas there are quit a few commonalities with HSDPA there are still quite a few differences that require a possibly different number of HARQ process. In a first step we quickly list some of the differences. Then in second section we identify the different elements in the timing budget first considering the simplest case when there is no soft or softer handover. Then Soft handover is added to the picture. 
2 Differences for HARQ timing aspects between HSDPA and Enhanced uplink

Timing operation in HSDPA HARQ is characterised by the following :
· ACK/NACK transmission is synchronous

· HS-DSCH re-transmission is asynchronous so there is no mandatory requirement on the Node B processing.

· All channels timings (HS-DSCH, HS-DPCCH) is aligned to common channels timing, as the HS-DPCCH timing is derived from the HS-DSCH as seens from the UE. There is not a mixed of common and dedicated channels

· The ACK/NACKduration is one slot

· HS-DSCH is not transmitted in soft handover and the HS-DPCCH (ACK/NACK) are not received in soft handover either

· The most demanding processing operations (HS-DSCH reception processing) are performed by the UE, whereas the Node B is in change of HS-DSCH transmission (encoding /formatting) and HS-DPCCH reception.

Timing operation in Enhanced uplink HARQ is characterised by the following :

· ACK/NACK transmission is synchronous

· EDCH re-transmission is synchronous which sets a limit on the maximum allowed Node B processing time.

· Timings of involved channels (EDCH, E-HICH) are a mixture of common and dedicated timings. 

· The ACK/NACKduration is three slots long

· EDCH is not transmitted in soft handover , as a consequence the UE is to combine ACK/NACK from multiple Cells/node Bs. 

· The most demanding processing operations (EDCH reception processing) is performed by the Node B , whereas the UE is in change of EDCH transmission (encoding /formatting) and ACK/NACK reception.

The most important differences are the nature of the timings of the different channels (mix of dedicated and common channels and more specifically the fac that the E-HICH is a common channel), the operation in SHO and the fact that the retransmissions are synchronous. Considering these differences that can only make the operation more difficult we can already guess that the Round trip time is expected to be larger than in HSDPA and hence the number of required HARQ processes needs to be comparatively larger than in HSDPA to ensure continous transmission.
3 H-ARQ timing operation for 2 ms TTI (TBC)
3.1 Operation without Soft handover

The following diagram shows the different elements in the HARQ timing operation for the simplest case (when there is no soft handover). The timing diagram also disregards the possible impact of the scheduler, particularly the reception of the grants at the UE:
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Fig-1 HARQ timing operation for EDCH
The different elements correspond to the following :

T p : one way propagation delay
T proc_NodeB : time for the Node B to process one TTI, format the E-HICH transmission for that UE (ACK or NACK).  
Th : this time corresponds to the delay between the end of the ACK/NACK formatting and the beginning of transmission on the E-HICH. This time is UE specific as it depends on the DPCH timing offset
T proc_UE :  This time corresponds to the E-HICH reception  (ACK/NACK), the formatting of the retransmission of the EDCH transport block or new ECH transport block first transmission.  This assumes the reception of a single ACK/NACK from one cell (no SHO)
T EDCH_trans : This time corresponds to to the delay between the end of the EDCH transport block formatting and the beginning of the transmission on the EDCH. 
The Round trip time is hence :

TRTT= TEDCH_TTI+ 2T p + T proc_NodeB + Th+ THICH+T proc_UE+ T EDCH_trans
From a simple comparison with HSDPA we can say 
· There is a difference of 2 slots because of the difference in terms of ACK/NACK duration

· In the worst case Th can be one sub-frame long (3slots) or one slot depending on the decision in terms of sub-frame or slot alignment of the ACK/NACK
· TEDCH_trans can also in the worst case be one sub-frame (3slots) 
· TEDCH_trans+Th is constant and equal to 1 sub-frame (3slots) in the case of a slot alignment for the E–HICH transmission and 5 slots in the same of the sub-frame alignement for the E-HICH. This amount is due to the mixture of dedicated and common channels timing alignement. Roughly we can consider that for HSDPA there is no such delay as all channels are aligned to common channels timing. 
· The most demanding processing is done at the Node B that is to process in a partly synchonised/asynchronous way many UEs, so can consider an increase of 1 slot compared to the equivalent UE processing for HSDPA

The delta in terms of round trip time between Enhanced uplink and HSDPA is hence 2+3+1= 6 slots hence a 2 TTIs of 2ms for the slot alignment. In case of alignment to the subframe the delta in number of slots would be89 slots (3TTI). 

Assuming that timings requirements were set for HSDPA in a way that 6 HARQ processes allow for a continuous transmission then from this simple calculation we could say we would need 8 HARQ processes respectively 9 HARQ processes for a slot respectively sub-frame alignment of the E-HICH to ensure continuous transmission for a 2ms TTI as a minimum, rather than 6 as discussed in [1] and mentioned in [2]. This value is still to be confirmed in particular based on figure people may come up in terms of processing at Node B and UE. 
3.2 Operation in Soft handover
In soft handover the difference is the need for the UE to receive multiple ACK/NACK from the different cells in the active set. Assuming that the E-HICH channels from the different cells in the active set are completely desynchronized and that the UE is to wait to receive all of them : 
· If the E-HICH is slot aligned then this could add another 1 slot delay. 

· If the E-HICH is sub-frame aligned then this will not add further delay.  
As a consequence whatever E-HICH timing alignement is assumed, our conclusion is that the minimum number of H-ARQ processes would be around 8 or 9
4 Conclusion
In this contribution operation of HARQ for HSDPA and Enhanced DCH was compared. Based on the comparison our proposal in terms of new assumption for the minimum number of HARQ process is in the order of 8 or 9 when considering possible additional delay due to SHO (reception of multiple ACK/NACK). This value is valid for slot ans sub-frame alignment of the E-HICH. This contribution assumed independence of HARQ operation and scheduling. Of course this exact value is to be confirmed based on more details on UE and Node B processing time and decision on the relation between uplink and dl sub-frame or slots. 
In addition to the question of minimum number fo HARQ processed there are question we may ask ourselves on the HARQ operation ;

· Should the ACK/NACK transmission timing be configurable (like the AICH transmission timing) with possible constraints in terms of SHO because of cells with different ACK/NACK transmission timing 
· Should it be possible to activate a subset of HARQ processes only, to sort of replicate the idea of inter-TTI transmission interval of HSDPA – This could also add flexibility in term of memory management at the Node B?? This would only apply for scheduled data.
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