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Discussion/Decision
1 Introduction

Transmitting window and receiving window has two roles; preventing the unambiguity in sequence numbering and preventing the buffer overflow. For the first purpose, less than half the overall SN spaces are allocated to the window. For the second role, the explicit buffer size needs to be signaled both for the transmitting window and for the receiving window. After being made aware of the window size, the transmitting entity will not transmit more than what the receiving entity can contain. 
In UMTS RLC PDU is in the fixed size, so that the number of SNs allocated to the window indicate the window size in bytes. This does not work in LTE because of the variable RLC PDU size being adjusted to the current channel condition. 
This contribution propose to define the transmitting window and the receiving window both in terms of the allocated SNs and of the allocated buffer size to keep the flow contol function in the RLC entity as like UMTS.
2 Discussion
RLC transmission window
Figure 1 shows the RLC transmission window. 
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Figrue 1: RLC transmission window
Transmission window is defined in two dimensions; first in the number of SNs that can be allocated to the outstanding PDUs, secondly in terms of the number of bytes that are the maximum size of of the outstanding RLC PDUs.
VT(A), VT(S) and VT(MS) define the window in terms of the RLC sequence numbers as in UMTS. VT(B) defines the available buffer size of the window, which is calculated from the configured window size in byte and the window size occupied by the outstanding PDUs.

Transmitting entity shall not transmit RLC PDUs beyond the window, in other words RLC PDUs wth higher SNs than VT(MS) shall not be transmitted and that RLC PDUs can not be transmitted when VT(B) is equal to zero. 
RLC receiving window

Figure 2 shows the RLC receiving window. 
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Figrue 2: RLC receiving window

VR(R), VR(H) and VR(MR) define the window in terms of the RLC sequence numbers as in UMTS. As a counterpart variable to VT(B), VR(B) defines the avaible buffer size of the RLC receiving window. 

Proposal 1: To define the transmitting window and the receiving window in terms of both the RLC SN space and the buffer size. 

Other topics related to the window operation
It is questionable whether the window size in terms of SNs needs to be configured, which is not relevant to the buffer size anymore. Since there is no additional resource required in allocating more SNs, it might be better to allocate as many SNs as possible, e.g. 1024 SNs in 11 bit RLC SN size and 32 SNs in 6 bit RLC SN size, to get rid of the need to configure the size explicitly.

Proposal 2: To allocate the half of overall SNs for RLC window implicitly. 

Because the receiver is the passive entity in the flow control, it is not clear whether VR(B) is necessary. One potential (and may be only) use case of VR(B) is the window based status reporting, which is better than the window based polling in the performance point of view. It is not clear whether this function will be supported or not, therefore VR(B) shall be defined after that issue is decided.
VR(H) defines the highest SN of any received PDUs, which can be interpreted such that the PDUs not reordered yet shall be considered in setting VR(H). This is, however, mixing up two differenct functions; lost PDU detection and HARQ reordering. One of the main roles of VR(H) is to detect the missing PDU. When a received PDU has the SN which is not eaqual to the VR(H), the PDUs inbetween are considered as lost. If we take the PDUs not reordered yet into account in VR(H) setting, PDUs being processed in the HARQ process will be considered as the lost PDU, which is not the intended consequence.

Proposal 3: To set VR(H) according to the highest SN of any reordered PDUs.   
3 Proposal
It is proposed to update 36.322 as indicated below:
5.1.3
AM data transfer
Transmit operations
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.
The transmitting side of an AM RLC entity shall not submit any AMD PDUs to lower layer that is not allowed to transmit. AMD PDU are allowed to transmit: 
-
if the AMD PDU has a "Sequence Number" < VT(MS); and
-
if the size of AMD PDU is not greater than VT(B). 
Receive operations
The receiving side of an AM RLC entity shall maintain a receiving window according to state variables VR(R) and VR(MR) as follows:

· If VR(R) < VR(MR):

· A SN falls within the receiving window if SN >= VR(R) and if SN < VR(MR);

· A SN falls outside of the receiving window otherwise;

· Else:

· A SN falls within the receiving window if SN >= VR(R) or if SN < VR(MR);

· A SN falls outside of the receiving window otherwise;

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

· If the SN of the AMD PDU falls outside of the receiving window:

· Discard the received AMD PDU;

· Else, if an AMD PDU with the same SN already exists in the reordering buffer:

· Discard the received AMD PDU;
Editor’s note: It is intended to specify details regarding RLC PDU (and RLC PDU segment) generation and delivery to lower layer at the transmitter and RLC PDU reassembly, duplicate detection, reordering and loss detection, and RLC SDU reassembly and delivery to upper layers at the receiver in this section.

===========================Next Section Modified======================================
7.1
State variables

a) VT(S)

This state variable is maintained by each transmitting UM RLC entity and the transmitting side of each AM RLC entity. It holds the value of the SN to be assigned for the next newly generated UMD PDU or AMD PDU. This state variable is initially set to 0.
b) VR(H)
This state variable is maintained by each receiving UM RLC entity and the receiving side of each AM RLC entity. It holds the "Sequence Number" following the highest "Sequence Number" of any reordered RLC PDU. This state variable is initially set to 0.
c)  VT(A)
This state variable is maintained by each transmitting UM RLC entity and the transmitting side of each AM RLC entity. 
This state variable contains the "Sequence Number" following the "Sequence Number" of the last in-sequence acknowledged AMD PDU. It holds the value of the lower edge of the receiving window. This state variable is initially set to 0.
d) VR(R)

This state variable is maintained by the receiving side of each AM RLC entity. This state variable contains the "Sequence Number" following that of the last in-sequence AMD PDU received. It holds the value of the lower edge of the receiving window. This state variable is initially set to 0.
e) VT(MS) 
This state variable is maintained by the transmitting side of each AM RLC entity. It holds the value of the higher edge of the transmitting window. This state variable equals VT(A) + [2^(SN field length) – 1].
f) VR(MR)
This state variable is maintained by the receiving side of each AM RLC entity. It holds the value of the higher edge of the receiving window. This state variable equals VR(R) + [2^(SN field length) – 1]..

g) VT(B)

This state variable is maintained by the receiving side of each AM RLC entity. It holds the available buffer space for the transmission window. This state variable equals Tx_Window_Size – The sum of outstanding RLC PDU sizes. The outstanding RLC PDU is the PDU which has been transmitted and not acknowledged yet. 
The value range is 0 to [2^(SN field length) – 1] for VT(S), VR(R) and VR(MR). When the value of VT(S), VR(R) or VR(MR) exceeds [2^(SN field length) – 1] due to any update operation described in sub clause 5.1, then a modulus operation shall be performed with the modulus base being [2^(SN field length)].
7.2
Constants

a) Rx_Window_Size

This constant indicates the size of the receiving window in bytes. 
b) Tx_Window_Size

This constant indicates the size of the transmitting window in bytes and is used by the transmitting side of each AM RLC entity to calculate VT(B).
Editor’s note: It is intended to specify necessary details in this section as discussions proceed, but it is foreseen that at least discussions regarding transmit/reordering window state variables, polling/STATUS reporting related state variables, polling/STATU reporting/reordering/SDU discard related timers are needed.
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