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NB M2M - Data Transmission and Retransmission

1 Introduction
A new study item named Cellular IoT was approved at GERAN #62 (see [1]). The data transmission and retransmission has been discussed for NB M2M in [2] and the decoding feedback design during the data transmission procedure has also been discussed in [3]. These two parts have been already captured in the TR.
This document discusses about the further consideration on transmission/retransmission mechanism including interaction with RDR, see [4].
2 Feedback Scheme Overview
The feedback scheme uses a single process retransmission scheme which passes updated V(R) values to the transmitter of the MAC PDU, see [2].
The method to pass V(R) values from the UE to the base station is described in Section 2.1 and the method to pass V(R) values from the base station to the UE is described in Section 2.2.
2.1 Downlink Feedback Mechanism
After the base station has scheduled a downlink allocation it needs to schedule an uplink allocation for the UE to provide feedback.  The UE sends the updated V(R) value in the uplink MAC PDU. The UE is only required to provide feedback if there is a change in the V(R) value.

The UE uses a MAC Control Element in an uplink MAC PDU, see Section 7.1.4.5.2 of TR 45.820[5], to provide feedback to the base station. The V(R) value is carried in the MAC Control Element.

The UE can fail to receive the DCI which provided the DL allocation, or it can fail to receive the DL MAC PDU.  If the UE did not receive the DCI correctly then it will not know when to receive the DL MAC PDU and therefore will not provide feedback in the next UL allocation.  If the UE received the DCI, but failed to receive the MAC PDU then it can choose to transmit the current V(R) value in its next UL allocation, indicating a retransmission is required.

When the base station schedules a UL allocation after a DL allocation and does not receive an MAC Control Element carrying the V(R) value then the base station assumes the UE did not receive the DL successfully and will retransmit the DL MAC PDU.  If the UE transmitted a V(R) value then the base station uses the value to determine whether the DL MAC PDU was successfully received or not.

2.2 Uplink Transmission Feedback Mechanism

The base station provides V(R) values to the UE using a bitmap ACK field in the DCI that follows an uplink allocation. The successful reception of the last UL MAC PDU is used to trigger entry of RDR from ADR in Connected Mode-Active, see [4], therefore high reliability for the feedback is required.  To achieve the high reliability of the feedback the bitmap ACK field is repeated in the next DCI.
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Figure 1 Acknowledgement using Bitmap Ack
As shown in Figure 1, the UL allocation field in a DCI, in addition to the channel, timing, MCS and duration information, provides an index that indicates the position of the ACK/NACK in the bitmap ACK field of the DCI after the transmission of UL MAC PDU. The bitmap ACK field will be repeated in the next DCI.
The bitmap ACK index is used by the UE to locate the V(R) value for its next UL transmission.  If the base station indicates it will request the next MAC PDU the UE will not need to retransmit the previous MAC PDU and it can discard it, freeing buffer space.

If the UE transmitted the last UL MAC PDU and reception is successfully indicated by the base station the UE will enter RDR, see [4]. 

Table 1 defines the actions the UE and base station will take, depending upon which DCIs containing feedback it receives, whether the UE transmitted the last UL MAC PDU and whether the bitmap ACK field indicates successful reception of the UL MAC PDU.
Table 1. Actions after UL Transmission and Feedback Reception
	Last Uplink MAC PDU transmitted
	DCIs received after uplink transmission
	ACK or NACK of UL transmission
	Action

	Yes
	First or second DCI received successfully
	ACK
	Enter RDR. If feedback is received in the first DCI the UE does not need to receive the second DCI.

	No
	First or second DCI received successfully
	ACK or NACK
	UE stays in ADR as the last UL MAC PDU has not been transmitted and keeps receiving DCIs for subsequent allocations for UL transmissions

	Yes or No
	First or second DCI received successfully
	NACK
	UE stays in ADR and keeps receiving DCIs for subsequent allocations for retransmission.

	No
	None
	Unknown by UE
	UE stays in ADR as the last UL MAC PDU has not been transmitted and keeps receiving DCIs for subsequent allocations for new UL transmissions or retransmissions.

If the base station successfully received the UL MAC PDU it will provide further allocations until the last MAC PDU is received.  If the base station failed to receive the UL MAC PDU then it will provide an uplink allocation for retransmission.

The V(R) value included in the uplink allocation indicated whether the UE retransmits the previous UL MAC PDU or transmits the next UL MAC PDU.

The probability of failure to successfully receive 2 consecutive DCIs is low, therefore this is unlikely to occur.

	Yes
	None
	Unknown by UE
	UE uses RACH to request retransmission of the MAC PDU as the UE does not know whether the base station transmitted an ACK or not. 
The base station will not provide any subsequent allocations as it expects the UE to be in RDR if it transmitted an ACK.

When the base station provides the UL allocation the V(R) value will indicate whether the UE should retransmit the previous MAC PDU or transmit a new MAC PDU, therefore the UE and base station are kept synchronized.

The probability of failure to successfully receive 2 consecutive DCIs is low, therefore this is unlikely to occur.


3 Conclusion

In this contribution, further details regarding the handling of transmission and retransmission for NB M2M system is discussed. It is proposed to capture the content of Section 2 into TR 45.820[5].
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