Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #61
Tdoc R2-080939
Sorrento, Italy, 11th – 15th February 2008
Agenda Item:
5.1.2.4
Source: 
Ericsson 

Title:  
RLC AM Window Operation
Document for:
Discussion, Decision

1 Introduction

The current version of the RLC specification ‎[1] describes in section 5.1.3.2 the RLC receiver operation in acknowledged mode and in section 7.1 the corresponding state variables. 

In section ‎2 of this document we discuss a number of changes that we propose to capture in the RLC specification ‎[1]. Most proposals are intended to improve readability and consistency by e.g. adjusting the definition of state variables. The text proposal in section ‎3 captures the proposals in section ‎2 and it aims at improving the readability and clarity of section 5.1.3.2 of ‎[1]. 
2 Discussion

The description of the receiver side operation in RLC AM refers several times to the “highest SN among all received RLC data PDUs”. However, no corresponding state variable has been defined. We therefore suggest to introduce the state variable VR(H) that holds the sequence number following that of the highest received AMD PDU, i.e., the same definition as in UTRAN RLC. With this definition AMD PDUs or AMD PDU Segments are known to be outstanding if VR(R) < VR(H). 
Proposal 1: Introduce a receiver state variable VR(H) that holds the sequence number following that of the highest received AMD PDU.
In the email-discussion ‎[2] it was agreed to re-define VR(MR) so that it now holds the value of the SN of the first AMD PDU that is beyond the receiving window. Furthermore, it has been suggested to redefine VR(MS) so that it holds the sequence number of the first AMD PDU which may not be positively acknowledged in a status message. VR(X) is currently defined as the sequence number of the PDU that triggered T_reordering or those following which are received in-sequence. We think that it would simplify the specification and implementation if it holds the sequence number following that of the AMD PDU which triggered reordering. This allows setting VR(X) to VR(H) upon startup of T_reordering, to set VR(MS) to VR(X) upon expiry of T_reordering and to stop T_reordering when VR(MS) equals VR(X). 
Proposal 2: Re-define VR(X) as the sequence number following that of the AMD PDU which triggered reordering. 
One issue (Question 4) in the email discussion ‎[2] was whether to re-start T_reordering for already reported gaps or not. The advantage of doing so would be that lost status reports and lost re-transmissions would be recovered earlier. However, we regard this as an exceptional case that is not expected to have a measurable impact on the overall performance. Therefore, we recommend, not re-starting T_reordering for already reported gaps.

Proposal 3: Do not re-start T_reordering for already reported gaps, i.e., gaps below VR(MS)

We recommend to advance VR(MS) while an AMD PDU with sequence number equal to VR(MS) is in the reception buffer. If VR(MS) reaches VR(X) it is further suggested to stop T_reordering as it indicates that the gap(s) that triggered T_reordering were closed. Note that this may happen even though another (already reported) gap at VR(R) or a consecutive gap (above VR(MS)) still exists. For the latter (if VR(MS) < VR(H)) T_reordering will be restarted immediately. This allows restarting T_reordering early and thereby to increase the range of consecutive status messages.

Proposal 4: Advance VR(MS) when the AMD PDU with that sequence number is received. 
Proposal 5: Stop T_reordering when VR(MS) == VR(X), i.e., when the gap(s) that triggered T_reordering were closed.
The variables VR(X-SO) and VR(R-SO) are intended to improve re-ordering and status reporting in case of resegmentation. However, we think that these two state variables complicate the window operation quite a bit without providing any noticeable advantage. VR(X-SO) holds the position of the highest received byte of the AMD PDU that triggered T_reordering. In almost all cases this will be a complete AMD PDU and not just a segment. The reason is that re-segmentation is typically triggered by a negative acknowledgement, i.e., after T_reordering expires. A Local-NACK1 may also trigger a re-transmission and re-segmentation but in most cases the RLC receiver will have received a consecutive (entire) AMD PDU and sets VR(X) to that. So, the only situation where VR(X-SO) is set to something else than the last byte of a complete AMD PDU is that a Local-NACK1 triggers a resegmented retransmission for a last PDU in the buffer. 

We think that upon reception of such a re-ordered segment at the upper window edge (SN == VR(H)), VR(H) shall be incremented, T_reordering shall be started and VR(X) shall be set to VR(H) (= SN + 1). If any outstanding segments (below and above the segment that triggered the timer) are not received before T_reordering expires they are negatively acknowledged. If the original PDU was segmented into a large number of segments there is a certain probability that their transmission is still ongoing and that unnecessary retransmissions of some segments are triggered. 

If, according to the current specification, VR(X-SO) had been set to the byte number of the segments that triggered T_reordering the timer had been stopped upon reception of all segments below that segment. We think that the increased complexity is not worth the gain (if any) as the effect occurs extremely seldom and may only cause an unnecessary retransmission.

VR(R-SO) is also used in the description of the SDU reassembly function but we think that this information is available from the reception buffer and that no particular state variable is required.
Proposal 6: Remove VR(X-SO) and VR(R-SO) and thereby simplify the receiver side operation.
The description of the receiver side operation was modified considerably during the last couple of weeks. New functionality was added and other removed. We think that the readability and clarity of section 5.1.3.2 of ‎[1] could gain from a revised structure, which leaves less room for interpretation and thereby avoids differences in implementations.
Proposal 7: Discuss the structure of the current RLC AM window operation in ‎[1] and consider the proposal in section ‎3 as alternative.
3 Text Proposal
Note that polling is not handled in this text proposal as there are ongoing discussions in RAN2.

5.1.3.2 Receive operations

This section defines the operations to be performed on the receiver side of an AM RLC entity. Sub-clauses ‎5.1.3.2.1 and ‎5.1.3.2.2 describe the operation upon arrival of an AMD PDU and AMD PDU Segment respectively. ‎5.1.3.2.3 defines the operation upon expiry of the timer T_reordering. 

5.1.3.2.1 Reception of an AMD PDU

When receiving an AMD PDU with sequence number x from the lower layer, the receiving side of an AM RLC entity shall:

· if VR(R) ≤ x < VR(MR); and

· if the AMD PDU with sequence number x is not yet stored in the reception buffer:
if any AMD PDU Segments with sequence number x are in the reception buffer:

discard the AMD PDU Segments;
store the received AMD PDU in the reception buffer;

Update the state variables according to sub-clause ‎5.1.3.2.4;

· else:
Discard the received AMD PDU;
5.1.3.2.2 Reception of an AMD PDU Segment

When receiving an AMD PDU Segment with sequence number x from the lower layer, the receiving side of an AM RLC entity shall:
· if VR(R) ≤ x < VR(MR); and 

· if the AMD PDU with sequence number x is not yet stored in the reception buffer:

if the AMD PDU Segment is already stored in the reception buffer:

discard the received AMD PDU Segment;

else, if the AMD PDU with sequence number x can be reassembled from all received AMD PDU Segments:

reassemble the AMD PDU and store it in the reception buffer;
else:

if one or more AMD PDU Segments contain adjacent or overlapping bytes:
merge the AMD PDU Segments and discard any duplicate bytes;
else:
store the received AMD PDU Segment in the reception buffer

Update the state variables according to sub-clause ‎5.1.3.2.4;

· else:

Discard the received AMD PDU Segment;
5.1.3.2.3 Expiry of T_reordering
When the timer T_reordering expires the receiver side of an RLC AM shall:

· set VR(MS) = VR(X);
· set VR(X) to NULL
· trigger a status report according to sub-clause 5.2.3;

· if T_reordering is not running; and

· if VR(MS) < VR(H):

set VR(X) = VR(H);
start T_reordering;

5.1.3.2.4 Update state variables
The update of state variables may be triggered upon reception of an AMD PDU (sections ‎5.1.3.2.1) or an AMD PDU Segment (section ‎5.1.3.2.2). In this sub-clause x is the sequence number of such a received AMD PDU or AMD PDU Segment.

· if VR(H) ≤ x < VR(MR):

set VR(H) = x + 1;
· if the reception buffer contains an AMD PDU with sequence number equal to VR(R):

set VR(R) to the sequence number following that of the last in-sequence received AMD PDU above VR(R);
set VR(MR) = VR(R) + AM_Window_Size

trigger SDU reassembly and delivery according to sub-clause ‎5.1.3.2.5;
if VR(R) > VR(MS):

set VR(MS) = VR(R);
· if the reception buffer contains an AMD PDU with sequence number equal to VR(MS):
set VR(MS) to the sequence number of the highest in-sequence received AMD PDU following VR(MS)
· if T_reordering is running, and

· if VR(MS) ≥ VR(X):

set VR(X) = NULL;

stop T_reordering;
· if T_reordering is not running; and

· if VR(MS) < VR(H):

set VR(X) = VR(H);
start T_reordering;
5.1.3.2.5 SDU Reassembly
For each AMD PDU in the reception buffer with VR(MR) ≤ SN and SN < VR(R), and

for any in-sequence received AMD PDU Segments with SN == VR(R):
remove any padding bits if present;

reassemble segmented SDUs if possible

if the SDU has not yet been delivered to higher layers:

deliver complete SDUs to the higher layer;
if all contained SDUs of a PDU have been delivered to higher layers

remove and discard the AMD PDU from the reception buffer
===================== beginning of next sub-section ====================
7.1 State variables
…
The receiving side of each AM RLC entity shall maintain the following state variables:

a) VR(R) – Receive state variable

This state variable holds the SN following that of the last in-sequence received AMD PDU. It shall be updated upon the receipt of the AMD PDU with "Sequence Number" equal to VR(R).
The initial value of this variable is 0. For the purpose of initialising the protocol, this value shall be assumed to be the first "Sequence Number" following the last in-sequence received AMD PDU.


b) VR(H) – Highest expected state variable
The state variable holds the SN following the highest "Sequence Number" of any received AMD PDU or AMD PDU Segment. When a AMD PDU or AMD PDU Segment is received with "Sequence Number" x such that VR(H) ( x < VR(MR), this state variable shall be set equal to x+1.

VR(H) equals VR(R) if there are no outstanding (re-ordered or lost) AMD PDUs or AMD PDU Segments. In this case VR(R) is not in the receive window according to the definition in section 5.1.3.2.
c) VR(MR) – Maximum acceptable receive state variable
This state variable equals VR(R) + AM_Window_Size, and it holds the value of the SN of the first AMD PDU that is beyond the receiving window.
d) VR(X) – T_reordering state variable

This state variable is set to the value of VR(H) when T_reordering is started.  The valid range of VR(X) is VR(R) ≤ VR(X) ≤ VR(H). If no AMD PDUs or AMD PDU Segments are outstanding VR(R) = VR(X) = VR(H). It is initially set to 0.
T_reordering

e) VR(MS) – Maximum STATUS transmit state variable

This state variable holds the value of the highest SN that can be included in a STATUS report. It is initially set to 0. It is advanced with VR(R). It is set to VR(X) upon expiry of T_reordering. The valid range of VR(MS) is VR(R) ≤ VR(MS) ≤ VR(H). If no AMD PDUs are outstanding VR(R) = VR(MS) = VR(H).
4 Conclusion

In this document we propose the following modifications to the receive operations as currently defined in the specification ‎[1]

 REF _Ref189800614 \r \h 
‎[2]:
‎Proposal 1: Introduce a receiver state variable VR(H) that holds the sequence number following that of the highest received AMD PDU.
‎Proposal 2: Re-define VR(X) as the sequence number following that of the AMD PDU which triggered reordering.
‎Proposal 3: Do not re-start T_reordering for already reported gaps, i.e., gaps below VR(MS)
‎Proposal 4: Advance VR(MS) when the AMD PDU with that sequence number is received.
‎Proposal 5: Stop T_reordering when VR(MS) == VR(X), i.e., when the gap(s) that triggered T_reordering were closed.
‎Proposal 6: Remove VR(X-SO) and VR(R-SO) and thereby simplify the receiver side operation.
‎Proposal 7: Discuss the structure of the current RLC AM window operation in ‎[1]‎[1] and consider the proposal in section ‎3‎3 as alternative.
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