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1.  
Introduction

In RAN2 #48bis it was discussed how the link layer in LTE could be made reliable enough to reach the very low residual block error rates that is required by e.g. TCP/IP to reach high peak data rates. In this context it was discussed if a single HARQ layer would be a feasible solution or if a HARQ layer and an outer ARQ layer would be more appropriate to reach high performance. It was agreed that two layers of ARQ should be used. However no agreement was reached on the placement and functionality of the outer ARQ layer.

This contribution presents a performance comparison between the different placement alternatives for the outer ARQ. See also [1] for a more general discussion of outer ARQ functionality.
2.
Alternative placements of outer loop ARQ

It is generally assumed that the MAC layer performs HARQ retransmissions between the Node B and the UE. Two main alternatives are possible for the placement of the outer loop ARQ: 

1) ARQ in a central gateway. In the following we referee to this central gateway as the Access-Core gateway (ACGW)

2) ARQ in the Node B
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Figure 1 Illustration of the two placements of outer ARQ, in an access-core gateway (ACGW) or in the Node B

Since the MAC HARQ layer performs retransmissions,  outer loop ARQ layer retransmissions are mainly needed when there is a failure in the HARQ layer which could occur due to misinterpretation of the HARQ ACK/NACK feedback signal (in cases a NACK is misinterpreted as an ACK). When specifying HSDPA the requirement on the NACK to ACK misinterpretation was set to 10-4 in normal radio conditions and  10-3  in difficult radio conditions such as high speed and soft handover. Similar error rates could be expected in LTE but in this discussion we assume an HARQ error rate of 10-3 as a worst case.

If the outer loop ARQ is placed in the ACGW a performed retransmission would take one Iub RTT more than if the retransmission is performed in the Node B. With a Iub RTT of around 10 ms and considering the low frequency of HARQ failures this means that the average delay addition is negligible. The time variation that occurs due to  an occasional retransmission by the outer ARQ is also well below the time variations needed to cause e.g. TCP timeouts.  

Simulation results elaborating on the performance differences between the two options are presented in section 3.

3.
Simulation results

This section presents simulation results obtained with a protocol simulator comprising MAC HARQ, RLC and TCP. A radio bearer rate of 60 Mbps has been simulated. The important simulation parameters are summarized in Table 1.

In the following the performance for the two placements of the outer ARQ is illustrated for the download of a 25 Mbyte file and a 5 Mbyte file. To cover several possible HARQ operation points, the BLER for the first HARQ transmission is set to 50% for the 25 Mbyte file and to 25% for the 5 Mbyte file. Results are included for 1) outer ARQ in the ACGW, 2) outer ARQ in the Node B and finally 3) only HARQ, i.e. no outer ARQ.  Alternative 3 has already been ruled out in RAN2 but is included as a comparison.

In Figure 1 the CDF of the application layer object bitrate
 is shown for the two analysed file sizes. It can be seen that the performance without outer ARQ is significantly worse than with outer ARQ. It can also be seen that the performance difference in terms of bitrate between the two locations of the outer ARQ is negligible (the curves are basically overlapping). 
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Figure 1: CDF of application layer object bitrate (file size/ download time) for download of a 25 Mbyte file (left) and a 5 Mbyte file (right)

	Gross Data Rate
	60 Mbit/s

	HARQ Feedback BLEP
	10-3

	HARQ TTI
	0.667 ms

	HARQ RTT
	6 * HARQ TTI (4 ms)

	Iub delay (one way)
	4 ms

	CN delay (one way)
	18 ms

	Total RTT
	48 ms

	Transport network losses
	no


Table 1 Summary of simulation parameters

4.
Discussion

As shown in Section 3 there is no difference in performance between the two alternative placements of the outer ARQ (ACGW or Node B) when it comes to recovery of residual HARQ errors. This is also expected due to the rare retransmissions by the outer ARQ.

If the outer ARQ is placed in the central ACGW, this would further provide simple means for lossless handover between Node Bs and recovery of Iub losses. 

5.
Conclusion

Based on the discussion above we conclude that:

· When it comes to recovery of residual HARQ errors, the placement of ARQ in the ACGW and placement of ARQ in Node B are two equally viable options 
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References

[1]

R2-052902, " Placement of outer ARQ functionality ", Ericsson





























































� The application layer object bitrate directly corresponds to the download time of the file (bitrate = filesize/download time). 
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