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1
Introduction

In RAN1#50, the following was decided for the number of HARQ-processes and processing times[1]:

•
Set the maximum number of hybrid ARQ processes to 8 for FDD (max Nproc=8)

•
A UE processing time of 3 ms minus the propagation roundtrip time (TRx=3 ms – 2Tp)

For the DL, due to the asynchronous HARQ, the two conditions are sufficient to define the timing relationships. The UE processing time sets the time between a PDSCH transmission and the associated transmission of ACK or NACK in the UL. The eNB is free to transmit a possible retransmission at any time after having received the ACK/NACK by using the HARQ-process signalling. 

For the UL, synchronous HARQ means that there is a fixed time between retransmissions. Given the agreement of ~3 ms processing time for the UE , the time between the UL grant is sent on the PDCCH and the PUSCH transmission,  this means deciding on the processing time for the eNB
In RAN1#50bis, the topic was further discussed and a proposal of having two values, 6 and 8, for the number of HARQ-processes was presented. In the email discussion leading up to RAN1#51, this proposal was modified to having 7 HARQ processes with 3 ms processing time for RX and 2 ms processing time for TX. In this document we discuss this topic further.
2

Discussion

2.1 eNB RX HARQ Loop Processing Time

The eNB RX processing time is the time it takes from the end of the sub-frame containing the data to the time when then ACK/NACK must be transmitted in the DL. Since the transmission time is aligned at the eNB, the propagation delay does not affect the eNB processing time.

Data rates in LTE are considerably higher than in WCDMA, E-DCH. Decoding requires most of the RX HARQ loop processing time in eNB and it is dependent of the data throughput. Scheduling is another task consuming RX HARQ loop processing time and its complexity depends on the number of UEs and bearers active, both of which are maximized in LTE. 
The main argument for reducing the number of HARQ-processing is to reduce the latency. However, the latency experienced by the end-user is the overall latency of the system and the L1 latency is only a (small) part of the total latency. The difference in RTD between 7 and 8 ms is very small while the impact to eNB and UE complexity and cost is in our opinion relatively large and such a reduction should be justified through better end user experience.  Some observations on the RTD:
· We have not identified applications where reducing the number of HARQ processes from 8 to 7 would make a difference. 
· With 30% BLER on the first transmission, the difference in average RTD for 7 and 8 HARQ processes is 0.3 ms.
· If low latency is required, the network can schedule the transmissions with a low BLER for the first transmission and thus minimize the impact of the L1 RTD on the overall latency

A significant new feature in LTE is the possibility of frequency domain packet scheduling (FDPS). FDPS requires more advanced scheduling algorithms than found in HSPA as the scheduling takes place in both frequency and time domain and enough time in the processing should be allowed to achieve the scheduling gains from FDPS. Having too short processing times available for scheduling will potentially jeopardize these gains and the decrease in latency comes at the cost of lower cell throughput due to sub-optimal scheduling. The added processing times needed for advanced scheduling are applicable to both DL and UL. Even though the L1 processing is in general simpler for transmission than reception, the added delay for scheduling means that the relative difference in achievable processing times for UL and DL is smaller for the eNB and achieving 2 ms TX processing time for the eNB without severe impact to scheduling performance is in our opinion not achievable. 
Based on this, it is Nokia Siemens Networks’ view that for a cost efficient implementation 3.0 ms of eNB processing time is needed and having 8 ms/processes would allow support of very large cells as well without having to define additional configurations. Together with the agreement from the Athens meeting, this means 8 ms between retransmissions and 8 HARQ processes for the UL. 
2.2 Advantages of 8 HARQ-processes 
In this section we list the additional advantages of having 8 HARQ-processes

· DRX: 8 HARQ processes give identical processing times in UE for reception and transmission. This means that the awake time for UEs with DRX configured can be minimized. For a DL allocation and a UL grant signalled in the same DL sub-frame, the associated ACK/NACK and UL data will be transmitted at the same time minimizing the time where the transmitter must be kept on

· As shown in [1], the link utilization for a half-duplex terminal is better when having 8 HARQ-processes compared to 7 processes
3 Conclusion

Our recommendation is that the number of HARQ processes in the UL should be 8 with 8 ms between retransmissions. 
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Appendix A: Timing Diagrams
Figure 1 and Figure 2 show the downlink and uplink transmission timing diagram, respectively. 
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Figure 1 Downlink transmission timing diagram
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Figure 2 Uplink transmission timing diagram
