Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #44                                                                     R1-060405
Denver, USA, 13-17 February, 2006
Source:             Motorola
Title:                  TP “Uplink H-ARQ timing and number of processes”
Agenda Item:    13.2.3.5
Document for:  Decision 
Summary

In this contribution, we propose to include in [1] text describing recommendation from H-ARQ timing analysis is presented in [2].
----------------------------------------------Start of Text Proposal -----------------------------------------------
9.1.2.5
HARQ
Uplink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet.

Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing. 

The benefits of synchronous HARQ operation when compared to adaptive, asynchronous IR based HARQ operation are: 

· Reduction of control signalling overhead.
· Lower operational complexity.
· Possibility to soft combine control signalling information across retransmissions for enhanced decoding performance.
Therefore, for the purpose of the feasibility study, synchronous HARQ operation is assumed for the SC-FDMA based E-UTRA uplink. The impact of ACK/NAK signalling errors on synchronous HARQ operation needs further study.

Adaptive asynchronous HARQ is for further study.
9.1.2.5.1 Hybrid ARQ timing analysis
As can be observed from Figure 9.1.2.5.1-1, N-channel STOP-And-WAIT H-ARQ protocol is characterized by the following timing constraint assumptions:
· 1 TTI + 1-way propagation delay for UE packet transmission to Node-B
· 1 TTI for Node-B to decode the packet transmission and determine H-ARQ feedback and new UL scheduling assignment for UE
· < 0.5 ms + 1-way propagation delay for Node-B H-ARQ feedback + scheduling assignment
 transmission to UE
· UE processing time to decode H-ARQ transmission & scheduling assignment, and prepare for next packet (re)transmission.
Hence, the minimum time between transmissions for a given HARQ channel is:
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Assuming Node B feedback TX time (TTIfeedback) of 0.5ms and UE processing time of 0.5 ms
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Using this relation and assuming a maximum cell size of 50Km for determining the 1-way propagation delay (0.667ms/4), then for different TTI sizes the minimum N (Nmin) can be determined as listed below
:

· TTI = 0.5 ms,   N=5
· TTI = 1.0 ms,   N=4

· TTI = 1.5 ms,   N=3

· TTI = 2.0 ms,   N=3   
Note from the example in Figure 9.1.2.1.5-1 with TTI of 2 ms, N=3 case requires UE processing time of approximately 1.5 ms.  Additionally, it shows how N would increase to allow more UE processing time.  Alternatively, the Node B processing time or both the UE and Node B processing times could have been increased by increasing N.

[image: image3] Figure 9.1.2.1.5-1: H-ARQ timing; TTI is 2ms with variable N (50 Km cell size)
In the example in figure 9.1.2.1.5-2, TTI size is 0.5 ms and the 1-way propagation delay is 0.667/2 ms for a cell of 100 Km.      UE processing time is greatly reduced from 0.333 to 0.833 and 1.3 by increasing N from 5 to 6 and 7 H-ARQ processes. It should also be observed that the Node B feedback transmission time at 0.5 ms TTI is quite substantial factor increasing latency. 
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Figure 9.1.2.1-2: H-ARQ timing; TTI is 0.5ms with variable N (100 Km cell size)
Different number of H-ARQ processes (N) may be required to meet QOS requirements in various deployment scenarios or N can be minimized conditioned on the cell sizes of a given network.  H-ARQ performance evaluation may assume that the number of H-ARQ processes is changed on a semi-static basis.  

----------------------------------------------End of Text Proposal -----------------------------------------------
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� Note that scheduling assignment may not be required for UL synchronous H-ARQ retransmissions .





� Nmin is the number of stop-and-wait H-ARQ channels supported while still meeting timing constraints (Node B and UE processing times)
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