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1 Introduction
The open issues document on the RLC layer [1] for E-UTRA mentions that the AM mode operation with respect to transmit and receive windows, timers, and lossless in-order delivery is not fully specified yet. In this contribution, we propose to specify a sliding window protocol for RLC AM with both transmit and receive windows and appropriate timers.

The rest of this contribution is organized as follows. In section 2, we describe the proposed operation of the RLC AM using transmit and receive windows. In section 3, we describe the use of different timers required for the sliding window operation and in-order delivery. We conclude in section 4. In the rest of the document, the term ‘packets’ is used to mean RLC PDUs, and the sequence number implies the RLC sequence number.
2 Sliding Window protocol: Transmit and Receive Windows
A transmit window is typically used in ARQ protocols to allow the transmission of a limited set of packets and having their ACKs outstanding. This set is limited so that despite the wrapping of sequence number space, no two packets with same sequence numbers are confused to be identical at the receiver.
Proposal 1: A transmit window be defined of a set of consecutive sequence numbers that are allowed to be transmitted in RLC AM packets of a particular AM radio bearer. The transmit window may slide with time, but no packets outside its window are allowed to be transmitted for an AM radio bearer.
Since the RLC sequence number space is finite and rolls back, there is a chance of two different packets transmitted with the same sequence number in a specific amount of time. In order to maintain the uniqueness of the packets, a concept of window is traditionally used in ARQ. The window represents the sequence numbers that are allowed to be received at a particular point in time. Since there is no point is transmitting something that will not be received, it makes sense to have the transmit window to be the same as the receive window.  In this context, we propose the following:
Proposal 2: A receive window be defined of a set of consecutive sequence numbers that are allowed in packets received for a particular AM radio bearer. The receive window may slide with time, but no packets outside this window are accepted by the receiver for the specific AM radio bearer.

Proposal 3: The transmit window and the receive window for an AM radio bearer be identical sizes.
The beginning or the lowest sequence number in the transmit/receive window is the smallest sequence number for which a reliable reception is not confirmed. For the transmit window, this is the logically lowest sequence numbered packet in the window for which an ACK is not received. For the receive window, this is the logically lowest sequence numbered packet in the window which has not been successfully received. Both the transmit and receive window have fixed sizes, and advance as ACKs or Data packets are received successfully. Since ACKs sent after successful reception of data packets take some time before they reach the transmitter, the receive window always leads the transmit window under normal operation.
The transmit and receive windows also advance under certain error conditions. For example if an AM mode PDU is discarded at the transmitter because an ACK cannot be received within some time and repeated transmissions, it is considered successfully completed for the transmit window. The window may be advanced if that sequence number was the logically lowest in the window. When this happens, the transmitter may forward a discard indication packet to the receiver. When such a discard indication packet is received, the receiver treats the packet as being completed for the purpose of ARQ. The receive window may advance if that packet sequence number was the logically lowest in the window.
Since the receive window always leads the transmit window, the maximum it can lead is when all the transmit window packets are received by the receiver and none of the ACKs are received by the transmitter. In that case the receive window starts from logical next sequence number after the upper bound sequence number of the transmit window, and spreads over the size of the windows. In such a case, the transmitter may transmit from the transmit window, and if the receive window includes some portion of the transmit window due to wrap around of the sequence number space, the receiver interprets two different packets as the same packet with the same sequence number. In order to avoid this situation, the sequence number space should be at least the sum of the transmit and receive window size.

Proposal 4: The sum of the receiver and transmitter window sizes is less than the total sequence numbers available for the AM mode for a radio bearer.
The acknowledgement frequency is implementation dependent. That is, the acknowledgements may be sent if a specified amount of time has passed or a specified number of data packets have been received since the last status report was sent. While the details of this mechanism are left to implementation, it is beneficial to standardize that if some data packets are received that are outside the receive window, whether they are counted towards the number of packets received for such ACKing mechanisms. We propose that since ACKs may be lost, it is beneficial to repeat ACKs even if the transmitter is sending packets outside of the receive window (a sign that an ACK was lost or has not reached yet)
Proposal 5: All received packets, whether or not their sequence numbers belong to the receive window, are counted towards the number of received packets for any ACKing mechanism where the frequency of ACKing is based on the number of received packets.
3 Timers for AM mode operation

Timers are an important part of any ARQ mechanism. Since both data and status report packets can be lost, the retransmissions of data packets need to be triggered on a timeout, besides being triggered on NACKs received in the status reports. Such a timeout may be called a retransmission timeout. Another important timeout is used to give up on transmitting a packet if repeated transmissions have been unsuccessful. Such a timeout may be referred to as the discard timeout. On a discard timeout, the transmitter may optionally also indicate to the receiver that it discarded the specific packet. Also, both discard and retransmission timers start when a packet is attempted for the first time. Thus, they are triggered individually for each packet.
Proposal 6: The transmitting entity in an AM mode Radio Bearer maintains and operates based on the retransmission and discard timeouts as described above. 

At the receiver side, a reorder timer is important. When the receiver is receiving out of order packets, it has to wait for some of the earlier sequence numbered packets to be correctly received before it can forward the packets in-order to the higher layers. If the missing packets are not received within a certain time, the receiver gives up on them being received and forwards the other packet to the higher layer. This wait time is known as the re-order timeout. There are various methods of implementing this timeout. We propose to use the one described below.
Reorder timeout: This is the time within which a packet is forwarded to the higher layer after being received at the RLC receiver entity. This timeout is configured per radio bearer. The operation of the re-ordering works as follows:
· All packets when received are time stamped and buffered if they are not the first expected packet in the receive window. If the received packet is the first in receive window, it is forwarded to the higher layer without buffering, and the window is advanced.
· (Optional – Suggested implementation) In order to aid in the re-order process as described below, some state information in the form of sequence numbers and arrival time is stored, when a packet arrives that is not the first in the receive window. This list is filled (and thus automatically sorted) in the order of receive times of the packets. Let us refer to this list as RLC arrivals list.
· As soon as the receive window receives a packet that is not the first in the receive window, the re-order timeout count begins.
· If the window does not move until the timeout happens, all packets received in the window through the packet that started the re-order timeout are forwarded to the higher layer. If further in-sequence packets after such a packet are also received, they are also forward to the higher layer and the receive window is moved till the first not-received packet in the sequence.  
(Optional suggested implementation) When the window advances, all the state entries from the front of the RLC arrivals list that do not belong to the new window are removed.
· If the window moves before the timeout happens, the re-order timer is reset, and potentially restarted if the condition to start is true as described above for the new window. That is, in the new window, if a packet that is not the first expected packet has already been received, the re-order timeout is set based on the receive time of the earliest received packet in the window. The timeout is set for its received time plus the re-order timeout size. The process repeats itself as the window advances.

Proposal 7: A re-order timeout is used to forward received packets to the higher layer even if preceding packets in the receive window are not received. This timeout is identical for all packets in a radio bearer, and guarantees that after a packet is received at the RLC of the receiving entity, it gets forwarded to the higher layer within the re-order timeout. The re-order timeout functions as described above. 
While the re-order timeouts for UM mode operation may be different from the AM mode, and depend on the radio bearer, the re-order procedure can be identical. This leads us to proposal 8.
Proposal 8: The re-order procedure using a re-order timeout for the UM mode RLC is identical to that used for the AM mode RLC.
The receive window may not advance at all if none of the packets in the window are received. If such a situation continues for a long time, there is some protocol error, and a reset may be required. Thus, one additional timeout that is required both at the transmitter and the receiver is the Reset timeout. If the transmit or receive windows do not advance for a reset timeout, the RLC state is reset and the operation starts anew. The partner entity is notified of such a reset. This timeout is restarted every time the windows advance. 
Proposal 9: A reset timeout is used at both the transmitting and receiving entities in the RLC AM mode, such that if their respective transmit or receive windows do not advance for such a time, the RLC is reset for the radio bearer.
4 Conclusion

In this document, we proposed several solutions to the open issues in RLC on windows, timeouts, and re-ordering operation. We propose to include the acceptable proposals in stage 3 of RLC specification.
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