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NB-CIoT – Data Transfer - Transmission and Retransmission Procedures
1
Background
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. 

This submission provides the data transmission and retransmission procedures for Narrowband Cellular IoT candidate solution (NB-CIoT), formed from the convergence of the NB M2M and NB-OFDMA candidate solutions [2]. 
The data transmission and retransmission procedures for NB-CIoT are derived from the NB M2M and NB-OFDM candidate solutions described in TR 45.820 [3]. Some adaptations are necessary to align with the converged physical layer and MAC layer designs, and due to the new frame structure, see [4] and [5]. 

2
Data Transmission and Retransmission Procedures
2.1
 Principle for single process retransmission

A single process retransmission is proposed to reduce the buffer size while guaranteeing the reliability of data transmission.

In single process retransmission, a new MAC PDU can be sent only when the previous MAC PDU has been acknowledged. 

Each MAC endpoint transmitter will have an associated send state variable V(S). V(S) denotes the sequence number of the next in‑sequence MAC PDU to be transmitted. V(S) can take on the value 0 or 1. The value of V(S) will be incremented by 1 on transmission of the next in sequence MAC PDU.
Each MAC endpoint receiver will have an associated receive state variable V(R).The receive state variable denotes the sequence number of the MAC PDU which is expected by the receiver. V(R) can take on the value 0 or 1, and the value of V(R) will be informed to the transmitter. The value of V(R) will be incremented by 1 after a MAC PDU has been received correctly.

As shown in Figure 1, MAC PDUs in the transmitter are indexed as either 0 or 1 and the value of V(S) can either be 0 or 1. The transmitter can resend a MAC PDU or send a new MAC PDU, as shown by the shaded block. The value of V(S) is always set as the index of the next MAC PDU outside the transmitting window. The receiver informs the transmitter of the expected index of the MAC PDU using V(R). The transmitter will select the MAC PDU indexed by the value of V(R) to transmit next, which is either a new MAC PDU or a retransmission of the previous MAC PDU. 
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Figure 1 Data transmission and retransmission
2.2 Feedback mechanism and processing
When a MAC PDU is scheduled, the receiver will attempt to demodulate and decode the transmitted MAC PDU. If the MAC PDU is decoded successfully and V(S) of the received MAC PDU matches the current V(R), the receiver will increase V(R) by 1 (for 1-bit V(R) this is equivalent to inverting V(R)), and then send the updated V(R) to the transmitter. If the PDU is not decoded successfully or the MAC PDU is a retransmission of a previously successfully received MAC PDU then the value of V(R) will be kept the same and will be sent back to the transmitter.

The transmitter will check the value of V(R) from the feedback information. From the received V(R), the expected MAC PDU from the receiver can be identified by the transmitter:
- 
If the received V(R) is different from the V(S) sent in the latest PDU transmission, then this means the previous PDU has been received successfully by the receiver side. 

- 
Otherwise, it means a reception failure by the receiver. 

According to the received V(R), the transmitter chooses the MAC PDU to be sent in the next scheduled allocation.

2.3 Downlink Transmission Feedback Mechanism
The downlink feedback mechanism is used to provide feedback to the base station for downlink MAC PDUs transmitted to a MS.

When the base station schedules a downlink transmission using PDCCH, it includes the V(S) value of the MAC PDU being transmitted to the MS.  The MS can use the V(S) value to determine whether the downlink MAC PDU is a retransmission or a new transmission, and update V(R) to be sent to the base station when reception of the downlink MAC PDU has completed.
After the base station has scheduled a downlink allocation it needs to schedule an uplink allocation for the MS to provide feedback.  The MS sends the updated V(R) value in the uplink MAC PDU.

2.4 Uplink Transmission Feedback Mechanism
The uplink transmission feedback mechanism is used to provide feedback to the MS for uplink MAC PDUs transmitted by the MS to the base station.

The base station provides V(R) values to the MS using PDCCH messages that follow the uplink allocation. When the base station schedules an uplink allocation, it includes the V(R) value of the MAC PDU the MS should transmit.
If the base station requests the transmission of the next MAC PDU, the MS can discard the previous MAC PDU, freeing buffer space.
The successful reception of the last uplink MAC PDU is used to trigger entry of RPR from APR in Connected Mode, see [6].

3
Summary

This document describes the transmission and retransmission procedures used by NB-CIoT for uplink and downlink MAC PDU transmission.
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