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1 Introduction
The downlink signalling (absolute grant, relative grant and ACK/NACK) is using common channel and common timing and uplink E-DCH is transmitted in dedicated timing. This timing mismatch would affect the preferable number of HARQ processes for each TTI of E-DCH
This contribution discusses proper assumption for the timing of downlink channels and recommends the preferable number of HARQ processes.
2 Timing Analysis

2.1 Basic assumption
In RAN2 #45bis, it was agreed that per-processing scheduling is applied for 2ms TTI and per-UE scheduling is applied for 10ms TTI. 
For 2ms TTI, the scheduling grant is quite related to the associated ACK/NACK. So, it is better to have the same timing for E-AGCH/E-RGCH/E-HICH. And the Node B processing time should include the time for scheduling.

However, the scheduling grant is not so strictly related to the ACK/NACK in case of 10ms TTI. So E-HICH doesn’t have to have the same timing with either E-AGCH or E-RGCH. E-AGCH should have a common timing. And also E-RGCH should have a common timing, since the relative grant from the non-serving E-DCH RLS could be common overload indicator, which would naturally have a common timing. But, E-HICH can have a dedicated timing with 2ms resolution for tight timing relationship of HARQ operation.
Detailed assumptions are listed below.
· 2ms TTI

· The duration of E-AGCH/E-RGCH/E-HICH is 2ms.
· The timing resolution of E-AGCH/E-RGCH/E-HICH is 2ms.

· 10ms TTI

· The duration of E-AGCH/E-RGCH/E-HICH is 10ms.
· The timing resolution of E-RGCH/E-HICH is 10ms.

· The timing resolution of E-HICH is 2ms.

Other basic assumption is that the number of HARQ processes is the static value (no configuration) as there is no significant gain seen from having configurable value compared to the increased implementation complexity. 
2.2 UE processing time and Node B processing time

For the decision of the number of HARQ processes, the decision of required UE and Node B processing time should be preceded. The section is summarizing the minimum required processing time of UE and Node B respectively.

UE processing time consists of

· Time for decoding of ACK/NACK

· Time for decoding of scheduling grants (2ms TTI only)

· Time for E-TF selection

· Time for E-DCH encoding

· Margin for T0 uncertainty (+- 148 chip)

Node B processing time consists of

· Time for decoding of E-DCH (decision of ACK/NACK)

· Time for scheduling (2ms TTI only)

· Time for encoding of E-AGCH/E-RGCH (2ms TTI only)
· Time for encoding of E-HICH
· Propagation delay

Considering the above points, the required processing time can be summarized as follows.

· Minimum required UE processing time is 2ms (3slots) for both TTIs.
· Minimum required Node B processing time is 5ms (7.5slots) for both TTIs
.
2.3 Number of HARQ process
This section analyzes the timing between uplink and downlink and proposes the proper number of HARQ processes of each TTI case respectively. 

2ms TTI case
If you see the figure 1, the yellow coloured E-DCH subframe is referring to 2nd subframe of downlink signalling. The range of the UE processing time for the yellow coloured E-DCH subframe is
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For the decision of the number of HARQ processes, the maximum UE processing time and minimum required Node B processing time should be taken into account.

Considering whole round trip time, the below equation should be satisfied.
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The possible minimum Number of HARQ processes for 2ms TTI E-DCH would be 7.
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Figure 1: Number of HARQ processes in 2ms TTI case
10 ms TTI case

If you see the figure 2, the yellow coloured E-DCH frame (10ms) is referring to 2nd frame of downlink signalling. The range of the UE processing time for the yellow coloured E-DCH frame is
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For the decision of the number of HARQ processes, the maximum UE process time and minimum required Node B process time should be taken into account.

Considering whole round trip time, the below equation should be satisfied.
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The possible minimum Number of HARQ processes for 10ms TTI E-DCH would be 3.
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Figure 2: Number of HARQ processes in 10ms TTI case
3 Conclusions

In this paper, we have discussed about the number of HARQ processes. We propose to agree on the recommendation in the contribution. If the recommendations are agreed upon, Samsung would be happy to provide a text for the relevant CR(s). 
Recommendation:
· 2ms TTI

· The duration of E-AGCH/E-RGCH/E-HICH is 2ms.

· The timing resolution of E-AGCH/E-RGCH/E-HICH is 2ms.

· The number of HARQ processes is 7

· 10ms TTI

· The duration of E-AGCH/E-RGCH/E-HICH is 10ms.

· The timing resolution of E-AGCH/E-RGCH is 10ms.

· The timing resolution of E-HICH is 2ms.

· The number of HARQ processes is 3.[image: image11.png]




































� The decoding time for 10ms TTI might be bigger than that for 2ms TTI. Meanwhile, the Node B processing time for 10 ms TTI does not need the time for scheduling operation and encoding of scheduling grants, since per-UE scheduling would be used. So the total Node B processing time could be similar and recommended time would be 7.5 slots.
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