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1 Introduction
At RAN#69, a new WI NB-IOT [1] was approved. The NB-IOT L2 and L3 are largely derived from E-UTRAN, with simplifications due to support of a limited set of functionalities and necessary adaptations to the new physical layer design.
E-UTRAN provides ARQ and HARQ functionalities. The ARQ functionality provides error correction by retransmissions in acknowledged mode at Layer 2. The HARQ functionality ensures delivery between peer entities at Layer 1.

This document discusses the HARQ functionalities and simplifications for NB-IOT.
2 HARQ principles
HARQ from E-UTRAN can be applied to NB-IOT, but simplifications are required for NB-IOT to reduce implementation complexity, buffering requirements and help to reduce power consumption for the type of traffic models discussed in TR 45.820[2].
E-UTRAN uses an n-process Stop-And-Wait scheme. NB-IOT should use a 1 process Stop-And-Wait scheme.  This means that a new MAC PDU can be sent only when the previous MAC PDU has been acknowledged.  The single process scheme means that in-order delivery of data is ensured by the MAC, a reduction in buffering requirements and allows simplification of higher layers, eg RLC because of guaranteed in order delivery.
Proposal 1: A single process Stop-And-Wait HARQ scheme is used.
PDCCH is used to schedule (re)transmissions.  In uplink the UE should always follow what PDCCH asks the UE to do, ie transmit a new MAC PDU or retransmit a previous MAC PDU. In downlink PDCCH is used to indicate whether a transmission is a new transmission or a retransmission. The UE can discard an uplink MAC PDU after an acknowledgment is received and it must retain the uplink MAC PDU for retransmission when a negative acknowledgement is received or PDCCH is not successfully decoded.
Proposal 2: The UE uses PDCCH to determine whether to transmit or retransmit an uplink message, and whether a downlink message is a new transmission or retransmission.
The method to provide feedback for downlink transmissions depends upon the physical layer and the channels available.  For example in NB-CIoT in TR45.820 acknowledgement information is carried in uplink MAC PDUs send on PUSCH (which in turn were acknowledged) and PDCCH messages, enabling a reduction in the number of UL transmissions, the number of DL messages a UE may have to receive and providing good reliability for the ACKs.
Proposal 3: The method to provide feedback HARQ for UL or DL transmission cannot be determined until the channels available in the physical layer are determined.
3 Summary
The HARQ within the MAC sublayer for NB-IOT has the following characteristics:

-
1-process Stop-And-Wait;

- A new MAC PDU can be sent only when the previous MAC PDU has been acknowledged.
-
HARQ transmits and retransmits MAC PDUs;
-
Retransmissions are always scheduled through PDCCH for uplink and downlink;
-
In the downlink:

-
The information in PDCCH signals if it is a transmission or retransmission;

-
In the uplink:

-
Downlink ACK/NAKs in response to uplink (re)transmissions are sent on PDCCH;
-
HARQ operation in uplink is governed by the following principle (summarized in Table 1):

- When a PDCCH for the UE is correctly received, the UE follows what the PDCCH asks the UE to do i.e. perform a transmission or a retransmission (referred to as adaptive retransmission).


- When no PDCCH is addressed to the C-RNTI of the UE is detected, the UE keeps the data in the HARQ buffer until it detects a PDCCH for the UE.

Table 1: UL HARQ Operation

	PDCCH seen by the UE
	UE behaviour

	New transmission
	New transmission according to PDCCH

	Retransmission
	Retransmission according to PDCCH (Adaptive retransmission)

	None
	No (re)transmission, keep data in HARQ buffer and a PDCCH is required to resume retransmissions.


4 Conclusion

This paper introduces the principles for the HARQ scheme in for NB-IOT and proposes the following are used for NB-IOT:

Proposal 1: A single process Stop-And-Wait HARQ scheme is used.
Proposal 2: The UE uses PDCCH to determine whether to transmit or retransmit an uplink message, and whether a downlink message is a new transmission or retransmission.

Proposal 3: The method to provide feedback HARQ for UL or DL transmission cannot be determined until the channels available in the physical layer are determined.
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