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1 Introduction

This contribution discusses the number of H-ARQ processes for the 2ms and 10 ms TTI. Evaluation is based on a companion contribution [1] that discussed our preferred approach in terms of downlink channels duration, timing setting granularity and relative timing (E-AGCH, E-RGCH for the serving cell, E-RGCH foir non serving cell, and E-HICH. 
2 H-ARQ timing operation for 2 ms TTI 
For the 2 ms TTI case, we may want to consider the different combinations of channels durations / relative timing as listed in [1]. All these combinations correspond to:

· E-HICH duration =2ms

· E-AGCH duration = 2 or 10 ms (10 ms applies only  for the non RG based and for the RG based scheduling for the per UE approach, whereas the 2ms applies for all cases)
· E-RGCH (for the non serving cell) duration 2 or 10ms

· E-RGCH (for the serving cell) duration is 2ms (this applies only for the RG based as there is no RG from the serving cell for the non RG based)

· Granularity for setting the timing of all these channels is the sub-frame. If there is a mix of channels at 2 and 10 ms then alignment is provided at the frame level. 

Our understanding is that if the E-AGCH is 10ms long then influence of the scheduling on the H-ARQ processes can neglected. 
2.1 Operation without SHO

If we disregard the Soft Handover aspects for the time being (meaning that the reception of the E-HICHs from non serving cells is not considered, then that the most stringent case corresponds to the following case:

· E-AGCH, E-RGCH (for the serving cell in the case of RG based scheduling) and E-HICH duration equal to 2ms

· Alignment of all E-AGCH, E-RGCH (of the serving cell) and E-HICH of serving cell
· Interaction between scheduling (from the serving cell) and H-ARQ operation

We end up effectgively with the same assumptions as Ericsson in [2] and the same formulas applies as provided in[2] apply for the 2ms. 
tau ( {0, 1, ..., 149} ( 256 chips
TNodeB = N*TTI-Tprop-THICH-TUE-TTI-Tprop
Toff+Tprop+THICH+TUE = tau+Tprop+1024/3840+TTI
Toff = ((tau + x) ( 256 / (2560 ( 3)( ( 2560 (3 (where tau here is expressed in multiplex of 256 chips)
Where Toff represents the timing of the E-RGCH, E-AGCH and E-HICH with respect to the P-CCPCH and is a multiple of the sub-frame (3 slots)
· TNodeB is the Node B processing time

· TUE is the UE processing time

· Tprop is the one way propagation delay

· x is used to distribute processing time between UE and Node B. 
For the sake of convenience the figure to be found in  [2] is reproduced here :


[image: image1]
Fig-1 HARQ timing operation for EDCH for 2ms TTI  in absence of SHO
In order to derive the number of H-ARQ process we need to take assumption in terms of minimum Node B and UE processing time. Our proposal for these two values are the following: 
· Node B minimum processing time : we would like to consider 2 cases to address different architectures
· 3 TTIs = 6 ms
· 4 TTI = 8 ms 
· UE minimum processing time : 3ms
Using the excell sheet in [2], we derive sets of values of N (Number of H-ARQ processes) and x (distribution between Node B and UE) that lead to the smallest N while respecting the minimum UE and Node N processing times assumptions above.
	Assumptions
	TUE min
	TNodeB Min
	X
	N

	TUEmin=3ms, T nodeB min=6ms
	3.26ms
	6.4ms
	-3
	8

	TUEmin=3ms, T nodeB min=8ms
	3.26 ms
	8.4 ms
	-3
	9


Table 1 : N and x values for different Node B processing time assumptions for the 2ms TTI
2.2 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. E-HICH channels from the different cells in the active set may be completely desynchronized and the UE is to wait to receive all of them. If the E-HICH is sub-frame aligned as assumed above, then all E-HICHs will be received in a 4ms window. 
Our understanding is that we would need to add one more process. Other companies expressed the view that the inclusion of the SHO would not change anything because we will not end up with two worst cases to be combined. Our view is that all depends on how timing is adjusted when the active set changes.  This is probably something to be discussed. The dl to ul transmission delay at the UE is indeed not equal to 1024 chips in the the SHOcase. As the UE moves and as the active set is changed the UE can adjust its uplink transmission to ensure all DPCHs of the active set are within the received window +/-148 chips. So in the worst case between the selection of the best sub-frame for the E-HICH the UL timing may change by 296 chips corresponding to 0.7ms, if we disregard clocks shifts and do no apply any radio link timing adjustment on the DPCH. Eventhough 0.7ms is smaller than 2ms this still required the addition of one process.
This means that we end up with 9 respectively 10 H-ARQ processes, depending on the selected minimum Node B processing times. 
3 H-ARQ timing operation for the 10 ms TTI 

For the 10 ms TTI case, we may want to consider the different combinations of channels durations / relative timing as listed in [1]. All these combinations correspond to:

· E-HICH duration =2ms or 10 ms

· E-AGCH duration = 2 or 10 ms (both values apply irrespectively of the scheduler type, RG or non RG based)

· E-RGCH (for the serving cell) duration is 2ms (this applies only for the RG based as there is no RG from the serving cell for the non RG based)

· Granularity for setting the timing of all these channels is the sub-frame. If there is a mix of channels at 2 and 10 ms then alignment is provided at the frame level. Open point is the exact alignment for the E-HICH is 2ms long , that is to say whether the “best” sub-frame from RTT is selected or any depending (taking the 10 ms E-(HICh as the basis)
3.1 Operation without SHO

Therefore if we disregard the Soft Handover aspects as far as the E-HICH from non serving cells is concerned, we may consider two main cases that depend on decisions in terms of alignment of E-HICH 

Case 1 : This most stringent case corresponds to the following case:

· E-HICH duration equal to 10 ms or equivalently the E-HICH duration is 2ms but the best 2ms is not systematically selected in order to allow e.g. for UE multiplexing on one sequence
· As for the 2ms TTI case, our understanding is that if the E-AGCH is 10ms long then influence of the scheduling on the H-ARQ processes can be neglected. If E-AGCH is 2ms long then the we should have alignement between E-AGCH and E-HICH (or at least they fall in the same 10ms interval) so again we neglect the influence of scheduling (as far as AG is concerned) on the H-ARQ operation 

· For the case of the RG based scheduling (presence of E-RGCH in the serving cell), the RGCH is 2ms long and fall within the 10 ms interval for the E-HICH transmission, so again we neglect the influence of scheduling as far as RG is concerned on the H-ARQ operation 
Case 2 : This is a less stringent case 

· E-HICH duration is 2ms and the best 2ms is systematically selected 

· As for case 1 we neglect the interaction between scheduling and H-ARQ operation
 Case 1 corresponds to the case taken by Ericsson in [2] and the same formulas applies as provided in[2], whereas case 2 is a new case which applicability is still to be agreed.
As for the 2ms TTI case, in order to derive the number of H-ARQ process we need to take assumption in terms of minimum Node B and UE processing time. Our proposal for these two values are the following: 

· Node B minimum processing time : we would like to consider 2 cases 

· 12.5 ms (1.25 TTI)
· 14.5 ms 

· UE minimum processing time : 3 ms (should be independent from the TTI length as only related for the E-HICH processing and E-TFC selection)
Using the excell sheet in [2], we derive sets of values of N (Number of H-ARQ processes) and x (distribution between Node B and UE) that lead to the smallest N while respecting the minimum UE and Node N processing times assumptions above.
	Assumptions
	TUE min
	TNodeB Min
	X
	N

	TUEmin=3ms, T nodeB min=12.5ms
	4.26 ms
	13.4 ms
	-4
	4

	TUEmin=3ms, T nodeB min=14.5ms
	6.26ms
	21.4ms
	-6
	5


Table 2 : N and x values for different Node B processing time assumptions for the 10ms TTI (case 1)

	Assumptions
	TUE min
	TNodeB Min
	X
	N

	TUEmin=3 ms, T nodeB min=14.5ms
	3.26 ms
	22.4 ms
	5
	4

	TUEmin=2.26 ms, T nodeB min=12.5ms
	2.26ms
	13.4ms
	6
	3


Table 3 : N and x values for different Node B processing time assumptions for the 10ms TTI (case 2)

Case 2 brings advantage in terms of RTT as we move to N=3 TTI processes. However this tightens the UE processing time to 2.26 ms.
3.2 Operation with Soft handover

In Soft handover difference, as for the 2ms, is that the UE is to receive all E-HICHs from the cells in the active set. E-HICH so far may be 10ms long or 2 ms, granularity is 2ms. Desynchronisation between cells may be upto 2ms. Whether a 10ms E-HICH is considered or a 2ms E-HICH (but without the best sub-frame being selection) we may still consider that all E-HICH should fall within a 12 ms interval. 
As for the 2ms case there can be some discussion as to whether this affects or not the processing time calculation. Without taking any assumptions on how the timing of the E-HICH is selected/adjusted when the active set changes we use the formulas in [2] by artificially changing the E-HICH duration to 12ms to derive the UE and Node B processing times. Results are show in the tables below:
	Assumptions
	TUE min
	TNodeB Min
	x
	N

	TUEmin=3ms, T nodeB min=12.5ms or 14.5 ms 
	4.26 ms
	21.4 ms
	-6
	5

	TUEmin=2.26ms, T nodeB min=12.5ms
	2.26ms
	3.26ms
	-4
	4


Table 3 : N and x values for different Node B processing time assumptions for the 10ms TTI (case 1) for SHO

For the evaluation of case 2 in the SHO case we reuse the formulas in [2] by changing the E-HICH duration to 4ms

	Assumptions
	TUE min
	TNodeB Min
	x
	N

	TUEmin=3ms, T nodeB min=12.5ms or 14.5 ms 
	6.26 ms
	17.4 ms
	-6
	4


Table 4 : N and x values for different Node B processing time assumptions for the 10ms TTI (case 2) for SHO

The benefit of case 2 is to have N=4 even for long Node B processing time. Otherwise for case 1 we need N=5 H-ARQ processes to accommodate even the smaller Node B processing time unless we accept to tightent he UE processing time to less than 3ms. x
4 Conclusion

In this contribution the number of H-ARQ processes is discussed for the 2ms and 10ms TTI. Calculations rely on assumptions discussed in a companion contributionin terms downlink channels duration and relative timing (E-AGCH, E-RGCH for the serving cell, E-RGCH for non serving cell and E-HICH). To complete the calculations assumptions in terms of minimum Node B processing times and UE processing time are taken. In order to adjust to different possible Node B architecture different 2 minimum Node B processing are considered for either of the TTI lengths. Whereas non SHO case is considered first, calculation is then extended to the SHO case with the following result for the SHO case :
· For the 2ms TTI case, we end up with 9 or 10 processes depending on the Node B architecture
· For the 10ms TTI case we end up with 5 processes or 4 processes (where 4 processes applies for the 2ms E-HICH or the 10ms E-HICH for smaller UE processing time). 

In terms of specifications different solutions for the 2ms case could be considered: either we consider the worst case (10 processes) or we allow for configuration of the number of processes in order to take advantage of the better Node B architecture when available. 

For the 10 ms case we recommend 5 processes unless discussion on UE processing time leads to a reduction of UE processing in which case we may consider 4 or 5 processes (to be configured).
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