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1. Introduction

A timer based mechanism for HARQ stall avoidance is included in [1]. Modification of the current timer based mechanism is proposed in [6]. Other complementary stall avoidance mechanisms [2][3][4][5] were proposed but no consensus has been reached yet until RAN2 #25 meeting. [3] proposed “In-band acknowledge sequence number (ASN)” and [4] proposed an in-band MRW bit to indicate the transmission window lower edge. Thus, [3] and [4] increase overhead in the in-band signaling. Alternatively, [2] and [5] assumed some HARQ transmission and scheduling rules in the transmitter and the stall conditions in the receiver can be avoided implicitly according to those assumed rules. This kind of mechanisms is efficient and will be considered preferred if they are proved to be robust. This document provides a brief analysis of the window based mechanism proposed in [2] and outlines a proposal of a modified window based mechanism to increase the robustness.

2.
Window based mechanism for stall avoidance 

Window based mechanism was proposed in [2]. This mechanism uses the following working assumptions supported by [1]:

(1) The TSN space is finite. TSNs might be ambiguity because of wrap around of finite bit representation of TSNs. (6-bit TSN is currently defined in [1].)

(2) Some data blocks require more retransmissions than other before the receiver decodes them correctly. The “temporary” missing gap in the reordering buffer due to this case will be filled later and the requirement of in-sequence delivery can be reached by the current reordering entity scheme.

(3) A NACK status message of a data block reported by the receiver might be erroneously identified as an ACK in the transmitter. This data block will be discarded from the retransmission buffer of the transmitter (i.e. the Note B) and the TSN of the data block will become a “permanent” missing gap at the receiver. It will stall the data delivery if no proper mechanisms are adopted for this case.

(4) After a predefined number of transmissions of a data block, the transmitter may optionally retransmit the data block at a later time or discard the data block from the retransmission buffer. If the transmitter chooses to discard the data block, the situation is same as Case (3), i.e., there will be a “permanent” missing gap at the receiver.

(5) Retransmission of a data block may be interrupted by data with higher priority class. The current consensus about this case is that the interrupted data block will be re-initiated later when there is no data with higher priority class. This will be similar to Case (2), i.e., there will be “temporary” missing gap at the receiver, except that the time duration of possible transmission latency is indefinite.

2.1
Necessity of window based mechanism

Considering the working assumption (1), i.e. the modulo nature of the TSN, a timer based mechanism alone is not efficient and may not be enough to ensure in-sequence delivery. For example, consider the following scenario:
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Figure 1.  Scene 1

[Scene 1] With 6-bit TSNs at the receiver, TSN=0 is missing, TSN=1, 2, 3 , up to 63 is received. Suppose that the missing TSN=0 is NACKed but recognized as ACK and is discarded at the transmitter.  Then, TSN=0 of the next TSN cycle is received. The receiver will mistakenly consider the received TSN=0 as the first data block and deliver it to upper layer before the first TSN=1. An out-of-sequence delivery error happens in this scenario. 

If a timer for the missing TSN=0 is set to be less than the time needed for transmitting 64 data blocks, i.e. less that 64 TTIs, the receiver will discard the missing TSN=0 before the next TSN=0 is received. The above error can be avoided. However, on the other hand, by working assumptions (4) and (5), this timer duration might be shorter than needed for the missing TSN=0, which might be interrupted instead of being discarded by the transmitter, to be retransmitted and received by the receiver. Since the missing TSN=0 is removed from the reordering buffer when the too-short timer expires, the late arrived TSN=0 will be delivered to upper layer after TSN=63. Out-of-sequence delivery error happens again. 

Even the timer-too-short drawback can be overcome by the modified timer based mechanism proposal in [6], the timer based mechanism is not efficient enough.  Data transmission latency might be degraded. A robust window base mechanism is proposed to enhance the system performance without increasing any signalling overhead.
2.2
Rules of the window based mechanism proposed in [2]

Window size: 

The value of the window size WINDOW should be half of the transmitter sequence number range. (For 6-bit TSN as defined in [1], WINDOW=32.)

Comparison: 

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.

2.3
Discussions on the window based mechanism proposed in [2]

(1) The window size is fixed to be 32 when TSN is 6 bits. The actual window size should be configured according to UE capabilities. In addition, the latency of received data block will be degraded for larger window size. For example, if NACK of TSN=0 is recognized as ACK. The receiver need to receive TSN= 1 to 32 before TSN=0 can be removed and other data blocks can be delivered to upper layer if WINDOW=32. Thus, if the window size WINDOW is less than 32 and the value of WINDOW is known to both transmitter and receiver, the system performance may be improved. The optimal value of WINDOW depends on M, the maximum number of transmissions of a data block, and N, the number of active HARQ processes configured for the UE.  

(2) The so called “modulo comparison” is not well defined. In general, for a finite bit space, there are three possible conventions: (a) a base is assumed in two-value arithmetic comparison as used in current 25.322 specification and in general the lower edge of the window is assumed to be the base. (b) three values should be exist for arithmetic comparison such as specified in [7]: [ A ( x  < B ]mod SNS   :(   [x - A] mod SNS  < [B - A] mod SNS  
(c) A < B     (           [B - A] mod SNS < SNS /2.  (where SNS=64 for 6-bit TSN.)  From the context of [2], conventions (a) and (b) do not apply.  Convention (c) might or might not be implied.  A clarification to “TSN ( SN – WINDOW” for Transmitter operation in Section 2.2 is needed.  The ordinary transmission window concepts used in RLC Release 99 [8] can be used as a clarification of this mechanism. This is proposed in the modified mechanism in Section 2.4.  The effect using the ordinary transmission window concept is equivalent to the transmitter operation proposed by [2].
(3) The second bullet for the receiver operation (“If SN is within the receiver window, and this data block has been previously received the data block shall be discarded.”) is not needed since the data block that has been previously received will be screened and discarded by the HARQ entity.

(4) In the receiver operation proposed by [2], “any data blocks with TSN ( SN – WINDOW shall be removed from the reordering buffer.”  This rule will probably remove correctly received data blocks. Consider the following scenarios:
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Figure 2.  Scene 2

[Scene 2] Suppose TSN is 3 bits for simplicity. WINDOW = 4, the receiver misses TSN=0 and receives TSN=1, 2 ,3. If TSN=SN=4 is received. The upper edge is updated to SN=4 and the lower edge is updated to TSN=1. Data blocks with TSN( SN – WINDOW=0 are removed from the reordering buffer. Then TSN=1, 2, 3, 4 are delivered to higher layer. It works properly in this scenario.  However, consider another scenario:
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Figure 3.  Scene 3

[Scene 3] Suppose TSN is 3 bits for simplicity. WINDOW = 4, the receiver misses TSN=0 and receives TSN=1, 2 ,3. If TSN=SN=6 is received. The upper edge is updated to SN=6 and the lower edge is updated to TSN=3. Data blocks with TSN( SN – WINDOW=2 are removed from the reordering buffer, i.e. TSN=0, 1, 2 are removed. Then TSN=3, is delivered to higher layer. The data blocks TSN=1 and 2 are removed or discarded unnecessarily in this scenario. A modification to fix this drawback is proposed in Section 2.4.

(5) In the receiver operation, the receiver window is advanced by receiving a data block with SN outside the receiver window only. This rule has the advantage that the transmitter can advance its transmission window without explicit signaling to UE. This will cause potential ambiguity TSN problems. Consider the following scenario:
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Figure 4.  Scene 4 with current window based mechanism proposal

[Scene 4] Suppose TSN is 3 bits for simplicity. WINDOW = 4, the receiver misses TSN=0 and receives TSN=1, 2 ,3. Then, TSN=5 is received. The upper edge is updated to TSN=5 and the lower edge is updated to TSN=2. Data blocks with TSN=1, 2, 3 are delivered to upper layers. (The receiver window is 2 to 5 at this moment by [2].) If the receiver receives TSN=2 (the next cycle) and misses TSN=6, 7, 0, 1. (This is possible if NAK for TSN=6 is mistaken as ACK by the transmitter so that TSN=2 is within the transmission window.) By the first bullet of the receiver operation in [2], the receiver will take TSN=2 of the next cycle before TSN=5 and deliver TSN=2 to upper layers. Out-of-sequence error occurs.
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Figure 5.  Scene 4 with modified window based mechanism proposal

To solve the problem, the lower edge is proposed to be updated also to the first missing TSN when data blocks are delivered to upper layers. Although this scenario ([Scene 4] ) may be deemed to be a rare case, the proposed modification is consistent with the ordinary reception window concept [8] and adds no signaling overhead at all while enhancing the system robustness. Thus, this modification is deemed preferable.

2.4
Modified window based mechanism 

The value of the window size WINDOW is configured by upper layers and shall be less than or equal to half of the TSN space and greater than or equal to the number of HARQ processes configured for the UE. The UTRAN should choose the window size considering the UE capabilities and according to M, the maximum number of multiple transmissions of a data block, and N, the number of active HARQ processes configured for the UE. Specifically, WINDOW = (N-1)*M + 1, if supported by UE, is proposed. The transmission window size at the Note B and the receiver window size at the UE shall have the same value. All arithmetic operation of TSNs are performed together with modulo(TSN space). Arithmetic comparison is performed with the lower edge of the window as the comparison base.

Transmitter operation in the Scheduler:

-
The initial transmission window range is from 0 to WINDOW-1.

-
If an ACK is received for the data block with TSN equal to the lower edge of the transmission window:

-
the lower edge of the transmission window is updated to TSN of the next data block not yet positively acknowledged; and

-
the upper edge of the transmission window is updated to  x + WINDOW –1, where x is the updated lower edge.

-
 If the data block with TSN equal to the lower edge is discarded from the retransmission window:

-
the lower edge of the transmission window is updated to TSN of the next data block not yet positively acknowledged; and

-
the upper edge of the transmission window is updated to  x + WINDOW –1, where x is the updated lower edge.

-
 Any data block outside the transmission window shall not be transmitted nor retransmitted. 

Receiver operation:

The initial receiver window range is from 0 to WINDOW-1. When a data block with TSN = SN is received:

- 
if SN is within the receiver window:

-
the data block is placed in the reordering buffer at the place indicated by SN;

-
all received data blocks with consecutive TSNs up to the first missing data block are delivered to higher layer;

-
the lower edge of the receiver window is updated to TSN of the first missing data block; 

-
the upper edge of the receiver window is updated to  x + WINDOW –1, where x is the updated lower edge;

-
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;

-
the lower edge of the receiver window is updated to SN – WINDOW +1;

-
any received data blocks outside the updated receiver window shall be delivered to upper layers;

-
all received data blocks inside the updated receiver window with consecutive TSNs up to the first missing data block are delivered to higher layer;

-
the lower edge of the receiver window is further updated to TSN of the first missing data block; 

-
the upper edge of the receiver window is further updated to  x + WINDOW –1, where x is the updated lower edge.

3. 
Proposal

It is proposed:

-
to include the description of the modified window based mechanism for Transmitter operation in the Scheduler from section 2.4 into Section 7.2.1 in [1] and corresponding section in MAC specification Release 5;

-
to include the description of the modified window based mechanism for Receiver operation from section 2.4 into Section 7.3.3 in [1] and corresponding section in MAC specification Release 5.
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