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1.
Introduction
At WG2 #24 in New York, the functionality needed to avoid stall situations in the HARQ protocol due to in-sequence delivery was discussed. The concept of a timer based stall avoidance mechanism was included in the HSDPA TS. The need for additional rules to control the reception of data blocks was identified but no detailed solution was agreed.

This document outlines a proposal for rules controlling the reception of data blocks in the reordering entity (see section 2.3.2.2). A description of the timer based mechanism is also included for completeness.

2.
Reordering entity

2.1
General

The UE provides in-sequence delivery to higher layers by storing the correctly received data blocks in reordering buffers. Logically, one buffer per priority class is needed to provide in-sequence delivery per priority class. The data blocks are delivered to higher layers in-sequence, i.e. a data block with TSN (transmission sequence number) = SN is only delivered to higher layers when all data blocks with TSN up to and including SN has been received correctly. When a data block is missing (i.e. not yet correctly received), all received data blocks with higher TSN are kept in the reordering buffer. The principle is shown in Figure 1 below. The data blocks 0,1,2 are correctly received and are immediately delivered to higher layer. The data blocks 4,6,7 are stored in the reordering buffer as data block 3 is missing.
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2.2
Stall situations

The most frequent reason for gaps in the received TSNs are that some data blocks require more retransmissions than other. In this case, the reordering entity can maintain the received data blocks in the reordering buffer until all data blocks with lower SN has been received. However, there exist several cases where the missing data blocks are permanently lost or will not be received in a foreseeable time. These situations include:

1) A NAK status message for a data block has been erroneously identified as an ACK in the Node B. In this case, the Node B will not retransmit the corresponding data block and will instead start transmitting the succeeding data block. 

2) The Node B has interrupted the retransmission of a data block due to that the number of retransmissions are to high or that there exist data with higher priority. In this case the Node B may (optionally) resume retransmissions at a later time, or start with transmission of a new data block.

In these situations, a missing data block will not be received (or it may be received much later). If no special mechanism is introduced in the reordering entity, the protocol is stalled, and no data blocks will be delivered to higher layer.

2.3
Stall avoidance mechanisms

Stall avoidance mechanisms in the reordering buffer is necessary to avoid stalling of the protocol. The mechanism can be based on timers, transmitter/receiver windows or a combination of these. 

2.3.1
Timer based mechanism

In the following, a timer based mechanism that only requires a single timer in the UE, is described. The timer T1 controls the stall avoidance in the UE reordering buffer. The value of T1 is configured by upper layers.

If no timer T1 is active, the timer T1 is started when a data block with TSN=SN is correctly received but can not be delivered to higher layer due to that a data block with lower TSN is missing. If a timer T1 is already active no additional timer can be started, i.e. maximum one timer T1 can be active at a given time.

The timer T1 is stopped if the data block for which the timer was started can be delivered to higher layer before the timer expires.

When the timer expires, all data blocks up to and including TSN-1 will be removed from the reordering buffer. In addition, all data blocks up to the first missing data block shall be delivered to higher layer.

When the timer T1 is stopped or expires, and there still exist some received data blocks  that can not be delivered to higher layer, the timer T1 is started for the data block with lowest TSN among those data blocks that can not be delivered.

2.3.2 Window based mechanism

2.3.2.1
Motivation for a window based mechanism

Due to the modulus nature of the TSN, the receiver can not identify if a received data block has TSN=SN or SN((N*maxTSN+1), where N is an integer. The receiver must therefore have some rule where in the reordering buffer to place a received data block. To avoid ambiguity in the received TSN, only ½ of the sequence number range can be utilised. The rules how to interpret the received TSNs are most easily described with the help of a transmitter and receiver window. 

Consider the two examples in Figure 2 and Figure 3 below. The maximum TSN is here selected to 7 in order to simplify the figure (The max TSN selected for the protocol is expected to be larger, see e.g. [2]).

In Figure 2 the receiver does not have any limitation of which TSNs that can be received (Rx window size = transmitter sequence number range). Data blocks with TSN 1,2,3 and 5 are received (0 and 4 are missing). When the discard timer expires because TSN=0 is not received, data blocks with TSN=1,2,3 are delivered to higher layer. The receiver is now prepared to receive TSN 4,5,6,7,0,1,2,3. Note that the data blocks with TSN 0,1,2,3 that the receiver is now- ready to receive are not the same as the data blocks that the receiver just discarded; They just happen to have the same TSN.

If one of the data blocks with TSN 0,1,2,3 is retransmitted by the transmitter, the receiver can not know that these data blocks are the same as the ones discarded. Instead the receiver will place these data blocks in the buffer and consider them as new data blocks. The receiver can not resolve the ambiguity in the received TSNs and an error situation will occur. 
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Note: In this example, the timer based mechanism is used to illustrate that an ambiguity in the received TSN can occur. However, the same problem will occur also without the timer based mechanism, e.g. due to ACK(NAK misinterpretation in the NodeB.
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In Figure 3, The Rx window is restricted to ½ of the transmitter sequence number range (i.e. 4 in this example).  Each time a data new block is received with TSN=SN, the Rx window is advanced so that the data blocks with TSN ( SN-4 is now outside the Rx window.  For example, when the data block with TSN=4 is received, in Figure 3, the TSN=0 is no longer in the Rx window.

When the discard timer expires, the data blocks 1,2,3 are delivered to the higher layer. If any of the data blocks 0,1,2,3 are retransmitted by the transmitter, the receiver can place them in the correct position in the reordering buffer as they are within the receiver window (see section 2.3.2.2).

On the transmitter side, the Tx must be aware of the window handling in the Rx. In brief, when a data block with TSN=SN has been transmitted, the Tx can no longer retransmit the data block with TSN=SN-4 as this will be interpreted as a new data block by the Rx and would be placed at the wrong position in the reordering buffer.
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The introduction of transmitter and receiver windows makes it possible to define rules for how the receiver shall behave and interpret received TSNs.
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2.3.2.2
Description of a window based mechanism

The transmitter and receiver handling can be described with a few simple rules. The value of the window size WINDOW should be half of the transmitter sequence number range. All comparisons of sequence numbers are performed modula(sequence number space).

Transmitter operation;

After the transmitter has transmitted a data block with TSN=SN, any data block with TSN ( SN – WINDOW should not be retransmitted to avoid sequence number ambiguity in the receiver.

Receiver operation;

When a data block with TSN = SN is received;

- If SN is within the receiver window and this data block has not previously been received, the data block is placed in the reordering buffer at the place indicated by the TSN.

- If SN is within the receiver window, and this data block has been previously received the data block shall be discarded.

-
If SN is outside the receiver window:

· the received data block shall be placed above the highest received TSN in the reordering buffer, at the position indicated by SN.

· the receiver window shall be advanced so that SN forms the upper edge of the receiver window

· any data blocks with TSN ( SN – WINDOW shall be removed from the reordering buffer

-
All received data blocks with consecutive TSNs up to the first not received data block are delivered to higher layer.

3. Discussion /conclusion

At WG2 #24 it was concluded that a timer based mechanism is needed to avoid that received data blocks are stored in the reordering buffer for a long time. 

A window based mechanism has been described that can avoid TSN ambiguity in the receiver. The introduction of a transmitter and a receiver window also simplifies the specification of the rules necessary for handling the transmitted and received data blocks.

5. Proposal

It is proposed to include ;

· the description of the transmitter operation of the window based mechanism from section 2.3.2.2 into Section 7.2.1 in [1].

· the description of the receiver operation of the window based mechanism from section 2.3.2.2 into Section 7.3.3 in [1].
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Figure � SEQ Figure \* ARABIC �1� Principle of reordering buffer for one priority class. Received data blocks are shaded and missing (not yet received) data blocks are white.
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Figure � SEQ Figure \* ARABIC �3� Example of protocol operation with window handling. Shaded blocks are transmitted /received and white blocks are not yet transmitted/received.





Figure � SEQ Figure \* ARABIC �2� Example of protocol operation without window handling. Shaded blocks are transmitted/received and white blocks are not yet transmitted/received.
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