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1 Introduction

The current version of the LTE RLC specification ‎[1] describes in section 5.1.2.2 the UM receiver operation in unacknowledged mode and in section 7.1 the corresponding state variables. 

We identified an unwanted behavior in case of duplicate reception at the lower window edge, which is likely to lead to a significant data loss and delivery delays. We therefore recommend to modify the current specification so that it is more in-line with the MAC-hs receive window operation. In section ‎2 we discuss this issue in detail and propose appropriate changes.
The text proposal in ‎3 comprises these changes and suggests a new structure trying to improve readability and to limit the room for interpretation. We thereby aim at reducing the risk of differences in implementations that could cause interoperability problems.
2 Discussion

The receive operation for LTE RLC UM as currently described in section 5.1.2.2 of ‎[1] shows an unwanted behavior in case of duplicate reception at the lower window edge, which is likely to lead to a significant data loss and delivery delays. The valid receive window is currently defined as VR(UR) ≤ SN < VR(UMR) where VR(UMR) is always equal to VR(UR) + UM_Window_Size. The lower edge of the receive window is advanced 
· whenever the corresponding PDU is received, or 
· when then T_reordering timer expires, or

· when a PDU outside the valid receive window is received. 
The latter forces the receiver to advance both VR(UR) and VR(UMR) so that the received PDU falls inside the valid window. This definition leads to an unwanted window wrap-around in case of duplicate UMD PDU reception as will be explained in the following example:
(VR(UH) denotes the sequence number following that of the highest received PDU in the window)

t0:
SN 1 received: VR(UR)=0, VR(UH)=2, VR(UX)=1, T_reordering started

t1:
SN 0 received: VR(UR)=2, VR(UH)=2, VR(UX)=1, T_reordering stopped, SN 0&1 delivered to higher layers, 
t1b:
ACK=>NACK error on HARQ level ( leads to duplicate transmission of PDU with SN=0
t2:
SN 2 received: VR(UR)=3, VR(UH)=3, VR(UX)=2, T_reordering still stopped, SN 2 delivered to higher layers

t3:
SN 0 received: WRAP-AROUND: VR(UR)=0-UM_Window_Size, VR(UH)=1, VR(UX)=0, T_reordering running (expecting VR(UR) up to VR(UH) to come), SN 2 discarded (or delivered if not concatenated.
t4:
SN 3 received: VR(UR)=3-UM_Window_Size, VR(UH)=4, VR(UX)=3, ... note that 1and 2 will not come anymore! 
In order to avoid this behavior we propose to align the LTE RLC UM operation more closely with that of UTRAN MAC-hs which can easily be achieved as explained in the remainder of this section. 
The description of the receiver side operation in RLC UM several times refers to the “UMD PDU with the highest SN among received UMD PDUs”. However, no corresponding state variable has been defined. We therefore suggest to introduce the state variable VR(UH) that holds the sequence number following that of the highest received UMD PDU, i.e., the same definition as proposed for the LTE RLC AM in ‎[2]. With this definition UMD PDUs are known to be outstanding if VR(UR) < VR(UH). If VR(UR) == VR(UH) the window is empty and e.g. T_reordering can be stopped.
Proposal 1: Introduce a state variable VR(UH) that holds the sequence number following that of the highest received UMD PDU.
In order to avoid the above-mentioned problems in case of duplicate reception, we suggest to define the valid window as (VR(UH) – UM_Window_Size) ≤ SN < VR(UH). UMD PDUs with sequence numbers outside this range force the receiver to advance its receive window. UMD PDUs with sequence numbers inside the valid window are stored if VR(UR) ≤ SN < VR(UH) and if it is not yet stored in the reception buffer. This is according to the MAC-hs re-ordering window as specified in section 11.6.2.3 of ‎[3].
Proposal 2: Define the valid window as (VR(UH) – UM_Window_Size) ≤ SN < VR(UH).
VR(UMR) with a fixed distance to VR(UR) is not needed if the solution proposed above is adopted.

Proposal 3: Remove the state variable VR(UMR) from section 7.1 of the specification ‎[1].

In order to achieve a consistent definition of the state variables we recommend to set VR(UX) to VR(UH) upon startup of T_reordering, i.e., to the SN following that of the highest received rather than on the highest received PDU sequence number. When T_reordering expires the lower edge of the receive window (VR(UR)) must be advanced to VR(UX). Finally, it must be ensured that T_reordering is stopped appropriately. 
Proposal 4: Set VR(UX) = VR(UH) upon start-up of T_reordering.
Proposal 5: Advance VR(UR) = VR(UX) upon expiry of T_reordering.
Proposal 6: Stop T_reordering if VR(UH) < VR(UX) ≤ VR(UR). 
When analyzing the current specification ‎[1] we felt that the specification of the receive operation leaves some room for interpretation which increases the risk of differences in implementations and may cause interoperability problems. For example, the actions to be performed upon expiry of the T_reordering timer are spread over three sub-clauses which makes it difficult to follow. 

We captured the preceding proposals in a text proposal (section ‎3) which also tries to avoid these ambiguities by defining only two events (“Reception of an UMD PDU” and “Expiry of T_reordering”) and consistent algorithms for both of them. 
Proposal 7: Discuss the structure of the current RLC UM window operation in ‎[1] and consider the proposal in section ‎3 as alternative.
3 Text Proposal

5.1.2.2 Receive operations

This section defines the operations to be performed on the receiver side of an UM RLC entity. Sub-clauses ‎5.1.2.2.1 describes the operation upon arrival of an UMD PDU. ‎5.1.2.2.2 defines the operation upon expiry of the timer T_reordering. 

5.1.2.2.1 Reception of an UMD PDU

When receiving an UMD PDU with sequence number SN from the lower layer, the receiving side of an UM RLC entity shall:
· if (VR(UH) – UM_Window_Size) ≤ SN < VR(UH): (UMD PDU SN is in the valid window)
if SN < VR(UR), or
if an UMD PDU with sequence number SN is already stored in the reception buffer:

discard the received UMD PDU;
else:

store the received UMD PDU in the reception buffer;

· else:  (UMD PDU SN is not in the valid window)
set VR(UH) to SN + 1 thus advancing the upper edge of the receiver window;
remove any UMD PDU with VR(UR) ≤ SN < (VR(UH) – UM_Window_Size) from the reception buffer and perform SDU reassembly according to sub-clause Error! Reference source not found.;

if VR(UH) < VR(UR) < (VR(UH) – UM_Window_Size):
set VR(UR) to VR(UH) – UM_Window_Size thus advancing the lower edge of the receiver window and ensuring that the actual size of the window does not exceed UM_Window_Size);
store the received UMD PDU in the reception buffer;
· if the reception buffer contains an UMD PDU with sequence number SN=VR(UR):

all received UMD PDUs with consecutive sequence numbers from VR(UR) (included) up to the first not received UMD PDU shall be delivered to the reassembly entity;
set VR(UR) to the SN of this first not received UMD PDU;
· if T_reordering is running; and 

· if VR(UH) < VR(UX) ≤ VR(UR):

stop T_reordering;
set VR(UX) to NULL;
· if T_reordering is not running; and

· if VR(UR) < VR(UH):

set VR(UX) = VR(UH);
start T_reordering;
5.1.2.2.2 Expiry of T_reordering

When the timer T_reordering expires the receiver side of an RLC UM entity shall:

· remove any UMD PDU with VR(UR) ≤ SN < VR(UX) from the reception buffer and deliver it to the reassembly entity;
· set VR(UR) to VR(UX) thus advancing the lower edge of the receiver window;
· if VR(UR) < VR(UH):

set VR(UX) = VR(UH);
start T_reordering;
5.1.2.2.3 SDU Reassembly
For each UMD PDU that is delivered to the reassembly entity:

· remove any padding bits if present;

· remove the RLC UMD header;

· reassemble segmented SDUs if possible

· deliver complete SDUs to the higher layer
= = = = = =  beginning of next sub-section = = = = = =  = =
7.1
State variables

…

Each receiving UM RLC entity shall maintain the following state variables:

a) VR(UR) – UM receive state variable

This state variable holds the value of the sequence number of the next expected UMD PDU, i.e. it serves as the lower edge of the reordering window. It is initially set to 0.



b) VR(UH) – UM highest expected received state variable

The state variable holds the SN following the highest "Sequence Number” of any received UMD PDU. VR(UH) equals VR(UR) if there are no outstanding (re-ordered or lost) UMD PDUs. 
c) VR(UX) – UM T_reordering state variable

This state variable holds the value of the sequence number of the UMD PDU which triggered T_reordering. It is initially set to NULL. It is set to VR(UH) when starting T_reordering. Upon expiry of T_reordering VR(UR) shall be set to VR(UX).
4 Conclusion

In this contribution we identified an unwanted behavior of the LTE RLC UM window operation in case of duplicate reception at the lower window edge. The current specification ‎[1] is likely to lead to a significant data loss and delivery delays. 
We therefore propose the following changes:
‎Proposal 1: Introduce a state variable VR(UH) that holds the sequence number following that of the highest received UMD PDU.
‎Proposal 2: Define the valid window as (VR(UH) – UM_Window_Size) ≤ SN < VR(UH).
‎Proposal 3: Remove the state variable VR(UMR) from section 7.1 of the specification ‎[1].
‎Proposal 4: Set VR(UX) = VR(UH) upon start-up of T_reordering.
‎Proposal 5: Advance VR(UR) = VR(UX) upon expiry of T_reordering.
‎Proposal 6: Stop T_reordering if VR(UH) < VR(UX) ≤ VR(UR).
‎Proposal 7: Discuss the structure of the current RLC UM window operation in ‎[1] and consider the proposal in section ‎3 as alternative.
5 References

[1] “Draft CR001 for 3GPP TS 36.322-800”, NTT DoCoMo, 2008-01-24, RAN2 Reflector
[2] Ericsson, R2-080939, “RLC AM Window Operation”, 3GPP RAN2#61, 2008-02-10 – 2008-02-15, Sorrento, Italy
[3] 3GPP TS 25.321, “Medium Access Control (MAC) protocol specification”, v8.0.0, 2007-12, http://www.3gpp.org/ftp/Specs/archive/25_series/25.321/25321-800.zip 




























5/5
2008-02-05

