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1.  
Introduction

In the work on LTE different alternatives for providing (H)ARQ have been proposed in RAN2. Most of the proposals either contain a single HARQ layer in MAC, e.g. [1-3] or a HARQ layer in MAC and a second ARQ layer in RLC, e.g. [4-7]. In this document we discuss these alternatives.

First, a requirement for the residual loss rate is derived in order to define which reliability needs to be achieved by HARQ and ARQ mechanisms. Then some numerical results on the required C/N to reach certain residual packet loss rates are presented. Finally, some results show the file download performance for selected scenarios.
2.
Residual Loss Rate Requirement

The performance of TCP/IP based applications is strongly dependent on the latency in a system. In addition, the residual loss rate seen by TCP is a critical parameter. In Figure 1 the achievable TCP throughput as a function of the packet loss rate is shown for two different fixed network delays. These one-way network delays include the delays of Iub, Iu, Core Network and Internet. The distribution of their shares is not of interest here. For the air interface, an initial HARQ error rate of 20% is assumed, while the TTI is set to 0.667 ms. The results are based on an analytical tool which comprises models for the HARQ protocol and TCP. The size of the downloaded file is 10 Mbytes.

a)[image: image1.emf]0

1

2

3

4

5

6

7

8

9

10

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00

Packet Loss Rate

Throughput [Mbps]

10 ms

25 ms

    b)[image: image2.emf]0

10

20

30

40

50

60

70

80

90

100

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00

Packet Loss Rate

Throughput [Mbps]

10 ms

25 ms


Figure 1: TCP throughput as a function of packet loss rate for two fixed network one-way delays, a) 10 Mbps, b) 100 Mbps. 

Figure 1a) shows the results for a radio bearer rate of 10 Mbps corresponding to non-ideal connectivity, e.g., at the cell border. Obviously, the packet loss rate perceived by TCP should not exceed 10-3 for the optimistic latency case of a 10 ms fixed network one-way delay, while loss rates below 10-4 are required for a 25 ms fixed network latency. Otherwise, the packet losses perceived by TCP and the corresponding TCP congestion control actions will prohibit higher throughputs. In other words, in these regimes TCP will be the bottleneck of the data transfer. The requirement for perceived packet losses becomes even stricter if higher radio bearer rates are available and higher throughputs shall be achieved. For a 100 Mbps radio bearer a packet loss rate of at most 10-5 (for 10 ms network delay) or 10-6 (for 25 ms) is needed.

Conclusion: In order to reach the peak data rates of 100 Mbps that have been targeted for the LTE, residual packet loss rates in the order of 10-5 to 10-6 are needed. This implies stringent requirements on the reliability of the (H)ARQ schemes used in LTE.

3.
ARQ Robustness

This section discusses how the RAN L2 protocols can support the requirements for low delay and low packet loss error probability.

Provided that the used ARQ protocols can be configured to use a suitably large number of retransmissions in order to provide the required reliability level of 10-6, the ARQ feedback mechanisms are critical to obtain this error rate. It is well-known that a single bit feedback like in HSDPA is susceptible to transmission errors and in particular NACKs, which are interpreted as ACKs at the receiver, lead to data loss at the HARQ protocol.

Since the end-to-end round trip time needs to be low to achieve a high throughput it is desirable to have a very frequent ARQ feedback in the HARQ layer. Preferably the feedback messages should be sent every TTI as in HSDPA which implies that the size of the feedback message needs to be kept to a minimum in order not to impose high peak power requirements on the UE which would reduce the coverage. The one bit feedback format adopted in HSDPA and E-DCH is a power efficient method to achieve fast feedback. However, with this mechanism it is still costly (in terms of power and/or coverage) to achieve a sufficient reliability.

One solution for this problem is to adopt the same solution as for HSDPA, i.e., to apply a second layer of ARQ on top of the MAC HARQ layer, i.e., to use an RLC AM. The benefit with the RLC ARQ is that status reports with explicit sequence numbers are used, which are protected by a CRC. This implies that the receiver of the status report can detect any errors in the report through the CRC. The reliability of the feedback information is ensured in two ways. First, the status messages are also transmitted by using the HARQ mechanisms at the MAC layer. But even if the transmission fails the reliable transmission of the status information is supported by the accumulative nature of the status messages, since each status message represents the full status of the receiver side at any given reporting time instance. All subsequent status messages following a not correctly received status report include the information of the lost status message. 

In the following we compare two approaches to achieve high reliability.

Alternative 1:

Only a single ARQ Protocol is used in form of a HARQ integrated in the MAC layer. A one bit MAC HARQ feedback message is transmitted every TTI to achieve a fast feedback. The required error rate for a NACK to ACK error is 10-5. Furthermore, it is assumed that the initial error rate for the first HARQ data transmission is 25%. Thus, in 75% of the cases an ACK is sent, while only in 25% the more problematic case occurs that a NACK is sent. Therefore, to achieve a NACK to ACK error rate of e.g. 10-5 a feedback error rate of 4*10-5 is required.

Alternative 2:

Two ARQ protocols are used on top of each other similar to HSDPA: A MAC HARQ protocol and the RLC protocol on top. A one bit MAC HARQ feedback message is transmitted every TTI to achieve a fast feedback. The MAC HARQ has a reliability of 10-3. On top of the MAC HARQ, a RLC ARQ protocol is run where the status reports are sent on the same channel as user data, i.e., also using MAC HARQ. The target block error rate on this channel is 25% for the first transmission. If the RLC status report is not received after MAC HARQ retransmissions, the accumulative nature of RLC status reports provides with a reliability level bounded by the residual error probability determined by the chosen CRC length (i.e., < 10-6). For the simulation results presented below, an RLC status message size of 15 bytes was assumed.

The target error rates of the feedback signalling for the two alternatives is shown in the table below.

	
	HARQ NACK to ACK error rate
	HARQ feedback error rate
	BLER in first HARQ transmission

	Only MAC HARQ
	10-5
	4*10-5
	25%

	MAC HARQ and RLC ARQ
	10-3
	4*10-3
	25%


Table 1: Target error rates for the feedback signalling for the two alternatives

Figure 2 shows the C/N needed to achieve various error rates for the two alternatives. The figure contains graphs for various channels and the results for Pedestrian A are highlighted as an example.
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Figure 2: Numerical results of the needed C/N to achieve various message error rates for 1 bit MAC feedback messages and 15 byte RLC status reports.

For Ped A, a C/N of –12.5 dB is needed for alternative 1 to reach the desired feedback error rate of  4* 10-5 (or 10-5 NACK to ACK error rate). For alternative 2, a C/N of –18 dB is needed to reach an error rate of 4*10-3 for MAC HARQ and a C/N of –19 dB is needed to reach a BLER of 25% for the first transmission of RLC status reports. The resulting C/N for alternative 2 is therefore –18 dB, i.e., a difference of 5.5 dB. 

When an RLC layer retransmission is used, the delay for the retransmitted PDUs is increased by one RLC RTT (targeted to be 10 ms in LTE). However, since RLC retransmissions occur only seldom (when the HARQ layer fails, e.g. in 10-3 of the cases), the contribution to the mean delay is insignificant.

4.
Performance Comparison

This section presents simulation results obtained with a suitable protocol simulator comprising MAC HARQ, RLC and TCP. A radio bearer rate of 45 Mbps has been simulated with 25% initial HARQ error rate. The iterated simulation parameter is the HARQ feedback error rate, which has been varied from 10-5 to 10-2. As reference, also the results for no HARQ feedback errors are provided.
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Figure 3: Throughput Results for a protocol stack without (a) and with (b) RLC AM 

Figure 3a) shows the performance results for alternative 1. The results show that without RLC AM a residual HARQ error rate of 10-4 is needed to achieve a median performance close to the optimum performance (no residual HARQ errors). A residual HARQ error rate of 10-3 degrades the performance significantly, while 10-2 leads to unacceptably low performance.

Figure 3b) shows the corresponding results for  a protocol stack with RLC AM. As expected, the reliability is increased by RLC retransmissions in case of  HARQ feedback errors. Such error events are completely hidden to TCP, although slightly longer delays occur due to RLC retransmission delays. However, if the HARQ feedback error rate is 10-3 or lower, those additional retransmission delays have no significant impact on the performance, which is very close to the optimal performance. 

Additionally, the comparison of the CDFs reveals that the performance becomes much more stable by using the RLC protocol. The throughput variations are much smaller with RLC AM than without.

Thus, we can conclude that at a radio bearer rate of 45 Mbps, ARQ alternative 1 requires a HARQ feedback error ratio better than 10-4 to come close to the performance achieved by alternative 2 with a HARQ feedback error rate of 10-3. 

5.
Discussion

A solution with only a MAC HARQ layer in LTE, similar to the MAC HARQ in HSDPA, makes it costly  to achieve the desired residual error rates. One efficient solution to achieve a high robustness is to use two ARQ layers, i.e. MAC HARQ and RLC ARQ similar to the solution in HSDPA. 

This is valid regardless if the two ARQ layers are located in the same node or not. Thus, from this perspective, the RLC ARQ could be located in the Node B or in a RAN anchor point. If the RLC ARQ is placed in a central RAN anchor point, this would further provide recovery of Iub losses (due to congestion) and provide a simple means for lossless handover between Node Bs.

We therefore propose to keep the ARQ functionality in RLC to achieve high reliability. The MAC level HARQ could then be designed for fast feedback.

6.
Conclusion

Based on the above discussion we propose to keep an ARQ functionality in RLC and have a fast (every TTI) feedback in the MAC HARQ layer.
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