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1
Introduction

It has been decided in RAN2 61meeting that “One trigger for the re-establishment procedure will be if the number of retransmission attempts of one PDU exceeds a pre-defined threshold. Details are FFS.” [1]. One issue that needs to be addressed is how to count the number of RLC PDU retransmission attempts, especially when RLC PDU re-segmentation operation is involved. The counting option shall be specified in the RLC specification, because this will impact the selection of threshold when the re-establishment procedure should be triggered. In this document, we discuss various options of counting retransmissions.
2
Discussion

2.2
Retransmission Count
The method to count retransmission attempts of an RLC data PDU in LTE may be different than that in UMTS, because of the new re-segmentation feature. Therefore, there are various options to count the retransmission. Consider the following example:
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Figure 1
Example of Retransmission Count

Option 1: The number of PDU retransmission attempt is defined as the maximum number of retransmissions among all bytes within the PDU.

In the example illustrated in Figure 1, the retransmission count will be 2. 
Option 2: The number of PDU retransmission attempt is increased when a retransmitted PDU/PDU segment is forwarded to lower layer.    
In the example illustrated in Figure 1, the retransmission count will be 6. 

Option 3: The number of PDU retransmission attempt is increased when a PDU/PDU segment is placed in the retransmission buffer.

In the example illustrated in Figure 1, the retransmission count will be 3. 

Option 1, Option 2 and Option 3 should yield the same result if no PDU segment is generated. However, the count may be different if the PDU is re-segmented into multiple segments or by multiple times.  Option 1 is the most accurate in the sense that it reflects the maximum of the retransmission attempts of any portion of the PDU.  However, it is the most complicated to implement, because the sender needs to keep track of segments boundaries at different levels. Option 2 and Option 3 are much simpler, and the number of retransmission attempts counted by Option 3 is closer to the number from Option 1.
Since the re-segmentation is expected to happen rarely and the re-establishment procedure is the backup solution to avoid potential deadlocks causing by erroneous behaviour, we suppose Option 3 is the best choice among the three because it offers the best trade-off between simplicity and accuracy. 
3
Conclusions

We consider the following three options to count the number of retransmission attempts of a RLC PDU:
Option 1: The number of PDU retransmission attempt is defined as the maximum number of retransmissions among all bytes within the PDU.

Option 2: The number of PDU retransmission attempt is increased when a retransmitted PDU/PDU segment is forwarded to lower layer.
Option 3: The number of PDU retransmission attempt is increased when a PDU/PDU segment is placed in the retransmission buffer.
We suggest Option 3 as the way forward, because it offers the best trade-off between simplicity and accuracy.
4
Text Proposal
The following proposal is based on 36.322 v8.1.0.

Beginning of Text Proposal
5.1.3.1.1
General
The transmitting side of an AM RLC entity shall prioritize transmission of RLC control PDUs over RLC data PDUs. The transmitting side of an AM RLC entity shall prioritize retransmission of RLC data PDUs over transmission of new AMD PDUs.

The transmitting side of an AM RLC entity shall maintain a transmitting window according to state variables VT(A) and VT(MS) as follows:

· a SN falls within the transmitting window if VT(A) <= SN < VT(MS);

· a SN falls outside of the transmitting window otherwise.

The transmitting side of an AM RLC entity shall maintain a STATUS receiving window according to state variables VT(A) and VT(S) as follows:

· a SN falls within the STATUS receiving window if VT(A) <= SN < VT(S);

· a SN falls outside of the STATUS receiving window otherwise.

The transmitting side of an AM RLC entity shall not deliver to lower layer any RLC data PDU whose SN falls outside of the transmitting window.

When delivering a new AMD PDU to lower layer, the transmitting side of an AM RLC entity shall:

· set the SN of the AMD PDU to VT(S), and then increment VT(S) by one.
· initialize the retransmission counter value associated with the AMD PDU to zero.
The transmitting side of an AM RLC entity can receive a positive acknowledgement (confirmation of successful reception by its peer AM RLC entity) for a RLC data PDU by the following:

· STATUS PDU from its peer AM RLC entity.

When receiving a positive acknowledgement for an AMD PDU with SN = VT(A), the transmitting side of an AM RLC entity shall:
· if positive acknowledgements have been received for all other AMD PDUs whose SN fall within the STATUS receiving window, set VT(A) equal to VT(S);

· otherwise, set VT(A) equal to the SN of the AMD PDU with the smallest SN, whose SN falls within the STATUS receiving window and for which a positive acknowledgment has not been received yet.
Next Modified Section
5.2.1
Retransmission

The transmitting side of an AM RLC entity can receive a negative acknowledgement (notification of reception failure by its peer AM RLC entity) for an AMD PDU or a portion of an AMD PDU by the following:
· STATUS PDU from its peer AM RLC entity;

· HARQ delivery failure from the transmitting MAC entity.

When receiving a negative acknowledgement for an AMD PDU or a portion of an AMD PDU by a STATUS PDU from its peer AM RLC entity, the transmitting side of the AM RLC entity shall:

· if the SN of the corresponding AMD PDU falls within the STATUS receiving window:
· consider the AMD PDU or the portion of the AMD PDU for which a negative acknowledgement was received for retransmission.
When receiving a negative acknowledgement for an AMD PDU or a portion of an AMD PDU by HARQ delivery failure notification from the transmitting MAC entity, the transmitting side of the AM RLC entity may:

· if the SN of the corresponding AMD PDU falls within the STATUS receiving window:
· consider the AMD PDU or the portion of the AMD PDU for which a negative acknowledgement was received for retransmission.
If an AMD PDU or a portion of an AMD PDU is considered for retransmission, the retransmission counter associated with the AMD PDU shall be increased by one.  When the retransmission counter value of the AMD PDU is equal to Max_Retx_Threshold, RLC shall indicate to the upper layer the need for reestablishment procedures. 
When retransmitting an AMD PDU, the transmitting side of an AM RLC entity shall:
· if the AMD PDU can entirely fit into the TB of the particular transmission opportunity, deliver the AMD PDU as it is except for the P field (the P field should be set according to sub clause 5.2.2);

· otherwise, segment the AMD PDU and form a new AMD PDU segment which will fit into the TB of the particular transmission opportunity, in which case:

When retransmitting a portion of an AMD PDU, the transmitting side of an AM RLC entity shall:
· segment the portion of the AMD PDU as necessary and form a new AMD PDU segment which will fit into the TB of the particular transmission opportunity, in which case:

When forming a new AMD PDU segment, the transmitting side of an AM RLC entity shall:
· only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment;

set the header of the new AMD PDU segment in accordance with the description in sub clause 6.:
Next Modified Section
7.2
Constants

a) AM_Window_Size

This constant is used by both the transmitting side and the receiving side of each AM RLC entity to calculate VT(MS) from VT(A), and VR(MR) from VR(R). AM_Window_Size = 512.
b) UM_Window_Size

This constant is used by the receiving UM RLC entity to calculate VR(UMR) from VR(UR). UM_Window_Size = 16 when a 5 bit SN is configured and UM_Window_Size = 512 when a 10 bit SN is configured.
c) Poll_PDU

This constant is used by the transmitting side of each AM RLC entity for which the polling trigger “Every Poll_PDU PDUs” has been configured (see sub clause 5.2.2).
d) Poll_Byte

This constant is used by the transmitting side of each AM RLC entity for which the polling trigger “Every Poll_Byte bytes” has been configured (see sub clause 5.2.2).
e) Max_Retx_Threshold
This constant is used by the transmitting side of each AM RLC.  The connection reestablishment procedure will be triggered when the retransmission counter value of a AMD PDU reaches Max_Retx_Threshold (see sub clause 5.2.1).
End of Text Proposal
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