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1. Introduction

In the current UMTS releases the ARQ (as a part of RLC) and HARQ are located in different nodes, the first one in the RNC, the latter in the NodeB. 

Based on the decisions taken in RAN Plenary #31 the agreed status in LTE is that ARQ and HARQ are located in one node, the eNB. 
This document describes the overall aspects of the ARQ and HARQ interworking, taking into account ARQ operation on complete PDCP PDUs. 
It concludes on a functional split of the MAC-o functions for ARQ, HARQ and MUX 3. 
2. HARQ and ARQ Interworking Concept
2.1
One to one relation of PDCP PDU and ARQ SDU

One of the functions of the Packet Data Convergence Protocol (PDCP) is to transfer IP user data streams. Together with the 2 node architecture of LTE it is favourable to use a one to one relation between packets transferred over the S1 Interface. 

Precisely the content of one ARQ SDU shall contain only one PDCP PDU, irrespective the multiplexing above PDCP level (see Figure 1).
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Figure 1: One to one mapping of PDCP PDU and ARQ SDU

2.2
Relation between Priority Queue and ARQ

ARQ is performed on the PDCP-PDUs contained in a Priority Queue. Each Priority Queue thus has its own individual ARQ sequencing. 
2.3
Segmentation and Distribution of ARQ PDUs to HARQ processes (Figure 2)

To use efficiently the HARQ resources, distributed ARQ PDU processing was introduced, i.e. by MUX 3.

The MUX 3 thus is responsible for segmentation, concatenation and distribution according to the decisions taken in the scheduler, i.e. generating a MAC-o SDU. One MAC-o SDU consists of :

· one (complete or segmented) ARQ PDU 

· more than one ARQ PDUs (complete or segmented)

· of the same Priority Queue

· out of different Priority Queues

It furthermore adds a corresponding MAC-o header to the MAC-o SDU and builds the complete MAC-o PDU. 

The MAC-o PDU is transferred to its assigned HARQ process, which appends a Cyclic Redundancy Check, CRC. 

Benefits:

· Segmentation of ARQ PDUs to HARQ processes: Efficient adaptation to HARQ resources

· Distribution of ARQ PDUs  to HARQ processes (MUX 3): Efficient use of HARQ resources
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Figure 2: Multiplexing of ARQ PDUs to HARQ processes

2.4
Details of Multiplexing ARQ PDUs to HARQ processes

Figure 3 shows a summary flow of above introduced and proposed ARQ and HARQ interworking process.

The separation of different ARQ PDUs transferred via HARQ processes can be guaranteed by signalling:

· Downlink Signalling Channel

· HARQ process number (in case of asynchronous HARQ)  
· MAC-o Control Information in the MAC-o Header
· Information about the structure of the MAC-o PDU (e.g. number and size of complete/segmented ARQ PDUs)

· Priority Queue ID (e.g. by Prio ID per complete/segmented ARQ PDU)

· ARQ Sequence number (ARQ SN per complete/segmented ARQ PDU)

ARQ and HARQ operation at both sides, transmitter and receiver, have higher performance if they operate on the same buffer. 
Reordering, which is natively a function within both, ARQ and HARQ, can thus be combined to a common function within a single instance, the Priority Queue.

Priority queues in the receiver will be filled with complete/segmented ARQ PDUs successively with each successful HARQ transfer.
Successful HARQ transfers are detected by positive CRC checks. The MUX 3 [1] in the receiver can retrieve the needed information for distribution out of the MAC-o PDU header. Using the Priority Queue identifier, the MUX 3 distributes complete/segmented ARQ PDUs received from HARQ processes to the corresponding Priority Queues. The ARQ SN is used to reconstruct the original sequence by the ARQ instance.

In case of HARQ failures

Two types of retransmissions can thus be distinguished in case of failures: 
· "Normal" HARQ retransmissions caused by e.g. bad radio conditions (indicated by NACK)

· Retransmissions caused by protocol failures

In case of protocol failures such as HARQ NACK -> ACK misdetection, the receiver can detect this failure and can request a retransmission (see [2] and [3]).

In case of ARQ failures

If still failures exist in ARQ SDUs, after HARQ processing, the ARQ instance can detect this by obviously missing segments (see figure 3). The current working assumption is that there is no necessity for a separate CRC checksum for ARQ purposes (ffs). ARQ process needs then only to recover the missing segments of an ARQ PDU and will indicate its need for a HARQ process retransmission to the scheduler.
2.5
Mobility support

During handover it is possible to extract those PDCP PDUs out of the Priority Queue which are not yet completely successfully transferred to the UE. The extracted PDCP PDUs are forwarded to the target eNB. For the target eNB it is easy to store the PDCP PDUs according to their original sequence (e.g. identified by the  PDCP sequence number).
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Figure 3: Interworking of ARQ and HARQ process in transmitter and receiver
2.6
Summary of benefits of the proposed principles

· Use of one single buffer for HARQ and ARQ process 
· Only one reordering function inside MAC-o

· Efficient adaptation to changing radio conditions by adapting ARQ PDU segments to HARQ resources

· Improved data forwarding during Handover

· Reduced complexity during implementation tests 

· Efficient use of HARQ resources ensuring LTE spectral efficiency

3. Conclusion
It is proposed to use the following text proposal for inclusion into section 6 ARQ and HARQ of TR 25.813 [1]:

------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
6
ARQ and HARQ

For ARQ and HARQ operation the same physical MAC resources and functions shall be usable:

· One single buffer for the operation of the ARQ and HARQ functions 

· One reordering instance

6.1
Interworking and common functions between ARQ and HARQ

· Sequence number handling for ARQ and HARQ

· In-sequence delivery and assembly/disassembly of higher layer (i.e. PDCP) PDUs

· Duplicate Detection

· Common protocol function for ARQ and HARQ

· Protocol error detection and recovery

· SDU discard

6.2
ARQ functions

· Sequence number check

· Reassembly

6.2.1
ARQ Mobility support

· Support for lossless Handover by means of user data forwarding from the source eNB to the target eNB.

6.3 MUX3 Functions

-
ARQ PDUs Segmentation

-
ARQ PDUs Concatenation

-
ARQ PDUs Distribution

-
MAC-o header (generation and removal)
6.4 HARQ Functions

· Multiplexing/demultiplexing of  MAC-o PDUs into/from transport blocks delivered to/from the physical layer on dedicated transport channels

· HARQ functionality for retransmissions

· Error detection and correction

--------------------------------------------------------------- End of Text Proposal --------------------------------------------------------

References

 LISTNUM "Referenzen" 
TR 25.813
Radio interface protocol aspects (Release 7), V0.6.0

 LISTNUM "Referenzen" 
R2-060374
MAC functions: ARQ (Samsung)

 LISTNUM "Referenzen" 
R2-060376
Robustness of HARQ assisted ARQ operation (Samsung)








































































































































































































































1/5

