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1. Introduction

This document describes the overall aspects of Outer ARQ operation and interaction with HARQ. Through the last RAN Plenary #31, it is agreed that Outer ARQ is located in eNB and we believe that that most of companies have a similar view on L2 multiplexing architecture shown in Figure C1, TR 25.813.
In this contribution, we assume that all unicast traffics use HARQ function. It is FFS, whether some unicast traffics not using HARQ function exist or not.
Based on TR25.813, we provide some descriptions on ARQ operation such as the operational mode of Outer ARQ function, the state definition of each mode, some protocol variables and ARQ status PDU in E-UTRA.

2. Overview of ARQ Function
Basically, it is assumed that ARQ entity operates with segmented/concatenated (if needed) SDU(s). The segmented/concatenated SDU(s) on occasion, which is handled by Outer ARQ function, is defined as ‘ARQ block’. An ARQ block has only one ARQ sequence number (SN).
2.1
Modes of ARQ Function
We define the operational modes of outer ARQ function as following.

There are two types of ARQ modes: 
- Acknowledged Mode (AM)
- Unacknowledged Mode (UM). 
The configuration of ARQ mode depends on QoS class (FFS).  Necessity for TM is FFS.
2.1.1
Header Information
For ARQ operations, the following information can be included in header:

- Link ID (possibly, logical channel ID);
- Sequence number: long bits for AM, short bits for UM;
- Segmentation type: indicates First, Middle, Last, Complete part of SDU;
- Length information: (what types of length information provided is FFS)
- Length (FFS)

- Number of Segmentation (FFS);
- Last Segmentation size (FFS);

- End of buffer indication: piggybacked, and may be efficiently used in uplink scheduling (FFS).
2.2
ARQ Block States & HARQ Interaction
2.2.1
Configurations
For ARQ and HARQ operation, several configuration parameters except operation variables are predefined by QoS class definition. The main parameters include:
- ARQ Protocol Variables (AM):
- Maximum number of transmission attempts for ARQ;
- SDU lifetime (or Residual lifetime)
- Window size;
- Tx. Start sequence number (SN);

- Tx. Next SN: SN for the next transmission;

- Rx. Start SN;

- Rx. Highest SN.
- ARQ Protocol Variables (UM):

- SDU lifetime.
- HARQ Protocol Variable
- Maximum number of transmission attempts for HARQ.
2.2.2
ARQ Block state for AM
For AM and HARQ operations, the following ARQ block state will be used:

- NotSending:

- The state where an ARQ block is waiting for a radio resource allocation by scheduler.

- Transition: Initial state;

- No attempt for block transmission;

- Sending:
- The state where Radio resource is allocated for the block;

- Waiting for ARQ ACK/NACK.
- Transition from NotSending (by Scheduler), Retransmitting (by Scheduler), and Discarding (by ARQ controller).

- Some HARQ-related information is updated:


- Related process ID;

- Current HARQ transmission attempt number;

- HARQ ACK/NACK status.
- Retransmitting:
- The state where waiting for resource allocation to retransmitted data;
- Transition from Sending state (ARQ-NACK);

- The total number of transmission shall be increased and not exceed the maximum number of retransmission attempts;

- Residual SDU lifetime remains.
- Done:
- The state where transmission attempt is over;

- Status Report: Successful or unsuccessful transmission.

- Discarding:
- The state where ARQ block state machine decides whether waiting more time or finishing machine;

- The transition to this state occurs when SDU_Discard is activated;
- By using HARQ-related information, efficient control is possible. For example:

- When state machine receives ‘Block lifetime is expired’, it checks the status of HARQ.

- If HARQ status is HARQ-ACKed, it moves to ‘Sending state’ and waits some time for ARQ-ACK.
2.2.3
Block state for UM
For UM and HARQ operations, the ARQ block state is almost similar to AM operations:

- NotSending:

- No attempt for block transmission;

- A radio resource is never allocated for ARQ block.
- Sending
- Radio resource allocated;

- Some HARQ-related information is updated:


- Related process ID


- Current HARQ transmission attempt number


- HARQ ACK/NACK status

- Done
- Transmission attempt is over;

- Discarding
- ARQ block state machine decides whether waiting more time or finishing machine;

- The transition to this state occurs when SDU_Discard is activated;

- By using HARQ-related information, efficient control is possible. 

2.2.4
ARQ Status PDU
For the control of ARQ state machine between peer-to-peer ARQ entities, some ARQ status PDU are defined as following:

- ACK/NACK feedback message;
- Cumulative;
- Selective;
- Move windows message;

- Reset message.
3. Conclusions
We propose the operational modes and state of Outer ARQ function and its interactions with HARQ for a guiding principle.
It is proposed the agreed text to be captured in TR 25.813 [1].
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