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 Proposed Text for the TR on Clean Slate retransmission scheme
1 Introduction
A new study item named Cellular IoT was approved at GERAN#62 (see [1]). MAC layer is an important sub-layer in the Clean-slate solution for Cellular IoT. 
The MAC design aspects for the new concept were discussed during the telco#6 and the following working assumptions (WA) were made (see [2]):


[image: image1]
This document contains a text proposal for the clean slate retransmission scheme based on [3].

2 Proposed text for the TR
5.4.4
 Link layer aspects

e.g. random access procedure, control channels and mapping to physical layer resources, traffic channels and mapping to physical layer resources, multiplexing/de-multiplexing principles, priority handling principles, data segmentation and re-assembly principles, retransmission schemes etc.

	First Change


5.4.4.x Retransmission Scheme

A M2M terminal is cost sensitive and latency tolerant, therefore it is important to reduce the amount of buffering required to support data retransmission.  To reduce the amount of buffering a single process retransmission scheme is used.  In the single process retransmission scheme the transmitter of a PDU can only send the next PDU after the previous PDU has been acknowledged.

The receiver of a PDU sends either an ACK to indicate successful reception of the PDU or a NACK to indicate failure to receive the PDU and request a retransmission.

The retransmission scheme provides a method for feedback to the transmitter, and in the case of errors the transmitter can retransmit a MAC PDU.  Repetition can be provided by the physical layer when a MAC PDU is transmitted, however there may still be errors in reception, especially in the case where the link budget is not constant. The MAC provides reliability through the use of retransmission of the MAC PDU, in response to feedback.  This means that each higher layer and MAC signalling do not need to provide their own retransmission schemes, for example based on timers, saving complexity on the UE.  As the retransmission provides fast feedback about the success of a transmission, if there are errors then they can be recovered from quickly saving power on the UE as it will not have to wait for timeouts.

The downlink and uplink retransmission scheme use the same scheme, assigning each transmitted PDU a 1 bit number.  The 1 bit number is used to identify the PDU within the retransmission scheme and is toggled for each new PDU that is transmitted. The receiver provides feedback to the transmitter and informs the transmitter which PDU number it requires to be sent next.

5.4.4.x.1 Downlink Retransmission Scheme

The downlink retransmission scheme is used to provide reliability to PDUs that are transmitted from the base station to the UE, and the UE sends acknowledgment messages to the base station.

The base station and UE maintain a 1 bit counter of the downlink PDUs called DLPN.  The base station shall maintain a separate DLPN for each UE.  The first transmitted PDU to a UE uses a DLPN value of 0.

When the base station transmits a PDU to a UE in a downlink allocation it also includes DLPN to identify the PDU. To create a new PDU the base station toggles DLPN and creates a new PDU for the UE with the updated DLPN value.

The UE compares the received DLPN with its stored last successfully received PDU DLPN.  If the received DLPN value is the same as the stored DLPN, then the downlink PDU transmission is a retransmission of a previously transmitted PDU and can be ignored by the UE.  If the value is different to the stored DPLN then the transmitted PDU is a new transmission and must be processed by the UE. 

When the UE receives a new PDU successfully from the base station, the UE updates its stored DLPN value to the DLPN of the received PDU.   The UE acknowledges the downlink PDU by transmitting the NEPN (Next Expected PN) to the base station. The NEPN value is set to the inverse of the stored DLPN value. The NEPN value received by the base station indicates which DLPN the UE would like to receive next. 

If the base station does not successfully receive an uplink PDU from the UE then the base station must schedule additional uplink to receive the uplink feedback.  The base station must not schedule any further downlink allocations until the uplink PDU is successfully received.  

The base station determines whether the previous downlink transmission was successful or not by using the latest NEPN received from the UE. If the base station receives a NEPN value from the UE then it is used to determine whether the transmitted PDU was successfully received.  

The last DL PDU is acknowledged and no further transmissions are required if the base station receives a NEPN value from the UE that does not match the transmitted DLPN value.

The last DL PDU needs to be retransmitted if the base station receives a NEPN value from the UE that matches the transmitted DLPN value, or the base station does not receive a NEPN value from the UE.
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Figure 5.4.4.x.1-1. Downlink PDUs Successfully Transmitted

If the first reception is unsuccessful, the UE will retain the DLPN. The NEPN value of 0 will be transmitted to base station. The PDU will be retransmitted with a DLPN value of 0, until it is acknowledged with a NEPN value of 1 from the UE.
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Figure 5.4.4.x.1-2. Downlink PDUs Transmission Failure

The base station must provide an uplink allocation to the UE so it can transmit acknowledgement information after a downlink PDU has been sent to the UE. The uplink allocation can be scheduled in the same DCI that scheduled the downlink (Figure 5.4.4.x.1-4) or scheduled by a subsequent allocation (Figure 5.4.4.x.1-3).
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Figure 5.4.4.x.1-3. Uplink allocation for acknowledgement scheduled in subsequent DCI
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Figure 5.4.4.x.1-4. Uplink allocation for acknowledgement scheduled in same DCI
5.4.4.x.2 Uplink Retransmission Scheme

The uplink retransmission scheme is used to provide reliability to PDUs that are transmitted from the UE to the base station. The base station sends acknowledgment information to the UE using DCIs.

The UE and base station maintain a 1 bit counter of the uplink PDUs called ULPN and the base station maintains a counter of next expected uplink PDU number.  The base station shall maintain a separate ULPN for each UE. The first transmitted PDU has a ULPN value of 0.

When the base station provides an allocation for the UE it also includes ULPN to identify the UL PDU the UE must transmit in the allocation.

The UE compares the ULPN with its previous transmitted PDU’s ULPN.  If the received ULPN matches the previously transmitted ULPN then the base station is requesting retransmission of the previous PDU.  If the received ULPN value does not match then the base station is requesting the next PDU.

When the base station acknowledges a previous transmission and requests a new transmission the UE increments its ULPN and constructs the next PDU.

For example, the base station requests the UE transmits the PDU with ULPN set to 0. If the uplink is successfully received then the base station will request the next PDU in the next uplink allocation by setting ULPN to 1 (Figure 5.4.4.x.2-1). When the UE receives the updated ULPN it constructs a new PDU and transmits it to the base station. If the base station does not successfully receive the UE’s transmission then it will schedule uplink and set ULPN to 0 (Figure 5.4.4.x.2-2). 
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Figure 5.4.4.x.2-1 Successful Transmission of Uplink PDU's
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Figure 5.4.4.x.2-2 Retransmission of Uplink PDU
	End of Change
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WA5: We need a feedback mechanism for MAC layer transmissions (ACK/NACK). It is FFS how this works with the concept of repetitions at the PHY
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