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1 Summary
Timing analysis of H-ARQ protocol reveals that a fixed number of channels (processes) may not be practical to meet the QOS requirements in the various deployment cell sizes (5, 30 and 100 Km) per the LTE requirements [1]. 
2 Uplink Hybrid ARQ timing analysis
As can be observed from Figure 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 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 1: H-ARQ timing; TTI is 2ms with variable N 

In the example in Figure 2, the 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 to 0.333 to 0.833 and 1.3 ms 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 a substantial factor in increasing latency.
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Figure 2:  H-ARQ timing; TTI is 0.5ms with variable N (100 Km cell size)
In addition to deployment scenarios and TTI size, it should be possible to vary N based on service type given that the maximum (peak) rate is constrained to different levels for different services or combination of services.  Constraining peak rate will help reduce UE processing time requirements. For example, for VoIP it might be possible to support N=5 for 0.5 ms TTI given the peak rate is limited to less than 2 Mbps. 
A lower minimum N such as N=5 (compared to N=6 or 7) for VoIP allows for more retransmissions for a given delay constraint and hence allows better coverage and capacity. N would be larger then 5 (for 0.5 ms TTI) for services requiring higher peak rates and larger minimum processing times.  

Variable number of H-ARQ processes is quite necessary to meet QOS requirements in the LTE defined deployment scenarios.  However, as described in the following sections, different TTI values and number of processes have quite an impact on soft buffer size.  
3 Node B impact
Uplink peak rates are calculated for different bandwidth modes (5 to 20 MHz) for 2 different TTI lengths (see Tables 1 and 2).   For each TTI value, Node B soft buffer sizes are estimated. A modulation of 16QAM with maximum coding rate of 5/6 is assumed in determining the maximum transport block size (TBS) for each carrier bandwidth mode. It is also assumed that 6 symbols in a sub-frame can be used for data. The soft buffer size is chosen such that for each Nmax a minimum coding rate of ½ can be supported for the given maximum TBS. 
Table 1: Peak uplink rate and soft buffer size with TTI = 0.5 ms
	BW Mode (MHz)
	Max TBS  (bits)
	Peak Rate (Mbps)
	0.5 ms TTI                                   Soft Buffer size (bits)                      (TTI x Peak_rate x Nmax / EncRate)
	CRC + Tail bits based on 5114 bit maximum Code Word size

	
	
	
	Nmax=6
	Nmax=4
	

	5
	6000
	12.0
	72000
	48000
	48

	10
	12000
	24.0
	144000
	96000
	60

	15
	18000
	36.0
	216000
	144000
	84

	20
	24000
	48.0
	288000
	192000
	96


Table 2: Peak uplink rate and soft buffer size with TTI = 2ms

	BW Mode (MHz)
	Max TBS  (bits)
	Peak Rate (Mbps)
	2.0 ms TTI                                       Soft Buffer size (bits)                   (TTI x Peak_rate x Nmax / EncRate)
	CRC + Tail bits based on 5114 bit maximum Code Word size

	
	
	
	Nmax=6
	Nmax=4
	

	5
	24000
	12.0
	288000
	192000
	84

	10
	48000
	24.0
	576000
	384000
	144

	15
	72000
	36.0
	864000
	576000
	204

	20
	96000
	48.0
	1152000
	768000
	252


Note that:

· For 20 MHz BW one may want to consider rate 7/8 code to get at least up to 50 Mbps.

· Number of tail bits and maximum code word size are used as example.

As can be observed, soft buffer size for example for 20 MHz bandwidth mode varies from 192,000 soft bits to 1.152 million.  
4 Conclusion
It is recommended that given the impact of deployment scenario, of TTI value on achievable minimum number of H-ARQ processes, and based on the direct relationship of number of processes on soft buffer size:
· Number of H-ARQ processes may be a semi static parameter configurable by the Node B depending on TTI value and cell size.
· Methods for reducing Node B TX time for ACK/NACK feedback should also be investigated.   
Text proposal to [2] is in Tdoc R1-060405.
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� Note that scheduling assignment may not be required for retransmissions for UL synchronous H-ARQ operation.





� 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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