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1
Introduction

At the RAN 2 LTE adhoc meeting there was some discussion about the use of multi level ARQ in the RAN (e.g. MAC and RLC) and whether such redundancy is desirable in an evolved system.  This contribution discusses the benefits of both approaches in the RAN.  Legacy RAN in this contribution refers to a release 6 RAN with HSDPA/HSUPA 
2
Discussion

2.1 
The current architecture

The legacy RAN has two levels of ARQ.  HARQ at MAC which is located at the Node B, and ARQ in the RLC layer which is located in the RNC.  The MAC HARQ is a mechanism to provide defined QoS to the higher layers without relying on increased transmit power.  When the HARQ fails to correctly deliver the PDU, then the RLC layer retransmits, although this introduces additional delays due to increased RTT. 
2.2
LTE requirements
The latest version of the TR on LTE requirements (25.913) states:

" The EUTRA latency requirement for the U-plane delay in unload condition (i.e. single user with single data stream) should be less than 5 ms for small IP packet, e.g. 0 byte payload + IP headers."

In other words, the 5ms covers the time taken from the UE receiving the IP packet to it being delivered to the IP layer of the RAN edge node for a single user data stream in a cell, and vice versa.  
2.3
Packet loss at cell change.
As well as providing guaranteed transmission for a user in a static case, having an ARQ mechanism at the RNC provides some benefits at cell change as well (at least if the RNC does not change) since RLC can be relied upon to provide successful delivery of any PDUs which were not transmitted from the old node B automatically.  This avoids the introduction of relocating the HARQ buffers between different Node Bs.
In addition, applications which require truly lossless delivery (FTP, Email, Web browsing etc) all make use of TCP for transmission which naturally provide an application layer retransmission scheme and thus can recover from packets lost at handover.  Other applications such as voice, online gaming, etc. can tolerate a number of block errors and hence do not need the retransmissions of RLC to be sufficiently robust.
For mechanisms to avoid packet loss at handover, it is possible to introduce either bi-casting across cells during the handover period, or alternatively context transfer between eNode Bs.  Either of these solutions would mean the LTE UTRAN would be able to avoid packet loss.  However, at least the bi-casting solution would  require sequence number addition in the eGSN (in the same way that LLC does in Gb mode) in order to avoid processing of duplicated packets in the RAN and UE.
2.4
Assured delivery

Since HARQ will be operated on every link, it may be feasible to consider that the RLC ARQ will not be needed in the LTE system.  The properties of HARQ (assuming appropriate MCS and power levels have been chosen) allow you to trade off the transmission E2E latency against the block error rate, by allowing longer for a transmission to be delivered (thus allowing more retransmissions) the block error rate will decrease.  Given the U-plane latency requirements above (5ms), and assuming 0.5ms TTI, this allows for 5 retransmissions (with 0 processing time) to meet the latency requirements and the BLER requirements. 
It should also be noted that ARQ above the MAC layer will introduce additional delays due to the peer entities having to maintain a correct window size, and acknowledgement delivery.  Hence the delay may not just be caused by transmission failure.  Especially at higher bandwidths, this should be investigated.
2.5
Unnecessary features

Clearly, if the evidence points towards not needing dual ARQ functionality in the RAN, then there can be a reduced implementation and testing effort for both handset and UTRAN developers.  RLC is not the simplest of protocols, and even now we see continuing correction in some corner cases 

2.6
Layer 3 Signalling

the successful delivery of layer 3 signalling is the highest priority data, and in the legacy system RRC messages are given additional protection in the way of retransmitting when delivery is unsuccessful.  It is considered that this layer 3 retransmission is perfectly well suited to protecting the delivery of layer 3 signalling in eUTRAN, so long as the layer 2 HARQ provides an acceptable BLER.

3
Conclusions

This document discusses the need for multi layer ARQ in the RAN, and concludes that although RLC AM is useful in order to resolve packet loss at mobility, it should be investigated whether:
· The latency cost of providing a higher BLER is acceptable using HARQ only

· What level of BLER is possible within the required latency [1]
· higher layer (TCP) performance is affected by the removal of RLC ARQ and how significantly
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