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pCR TR45.820 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 contains a text proposal for the TR 45.820 on the NB M2M data transmission and retransmission to provide further information about UE actions upon feedback decoding in the data transmission and retransmission and interaction with RDR, as discussed in [4].
2 Proposed text for the TR
	First Change


7.1
Narrow Band M2M (NB M2M)
7.1.4
Link layer aspects

7.1.4.2
Scheduling
7.1.4.2.1
DCI Burst Packet Format

The DCI burst packet format consists of a length, followed by a payload and CRC. Figure 7.1.4.2-3 shows the DCI packet format and Table 7.1.4.2-1 gives details of the fields.
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Figure 7.1.4.2-3.  DCI Packet Format

Table 7.1.4.2-1. DCI Packet Format

	Field
	Description

	Length
	Length of the payload field in octets.

	Payload
	Payload of the packet being transmitted

	CRC
	The CRC of the Length and Payload


The DCI Packet Payload is variable length and contains retransmission scheme processing information, downlink allocations, uplink allocations and RACH allocations.  The information elements of the DCI Packet Payload are shown in Table 7.1.4.2-2.
Table 7.1.4.2-2. DCI Packet Payload Elements

	Field
	Description

	DL Number
	The number of scheduled downlink users.

	DL Allocation[]
	List of DL Allocations. One for each scheduled downlink user. Included in this field:

· C-RNTI of UE

· Channel ID

· MCS

· Start indicator

· Duration

· PDU identification

	UL Number
	The number of scheduled uplink users.

	UL Allocation[]
	List of UL Allocations. One for each scheduled uplink user. Included in the field:

· C-RNTI of UE

· Channel ID

· MCS

· Start indicator

· Duration

· Acknowledgement information
· Bitmap ACK index: indicate the position of the corresponding ACK/NACK indication in the bitmap ACK field of the DCI following the UL allocation

	RACH Number
	The number of scheduled random access resources.

	RACH Config[]
	List of RACH Configs.  Once for each scheduled random access resource.

	
	

	Bitmap ACK field
	The bitmap ACK field for the UL transmissions which are ended between the previous DCI and this DCI

	Previous bitmap ACK field 
	A repetition of the bitmap ACK field in the previous DCI

	
	

	Padding
	A variable length padding field.  The length of the field will be set so that the payload is a whole number of octets and the following CRC begins on an octet boundary.


The start indicator in the DCI defines when the physical resource an allocation uses starts. The start indicator is the number of slots from the first slot of the DCI to the slot in which the UE is expected to transmit or receive.

The time into the future the DCI can schedule uplink and downlink allocations is limited to keep the size of the start allocation field in the DCI short.

The DCI cannot schedule allocations which start before the end of the DCI. An overview of when an allocation can start is shown in Figure 7.1.4.2-4.
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Figure 7.1.4.2-4. DCI Start Allocation Range Overview

When UEs are grouped by link budget different MCSs for the DCI can be used.  For UEs in poorer conditions the DCI used to communicate with them will often use MCSs which include spreading and repetition factors, therefore the DCI will take more time to be transmitted and the interval between DCIs will be longer. As the DCI will take more time slots, the start indicator will also need to have larger values.

To keep the length of the start indicator as short as possible a scaling factor is applied to the start indicator which is determined from the MCS of the DCI which contained the allocation. 

A slot offset value is calculated as follows:


Slot offset = Start Indicator * DCI MCS Spreading Factor * DCI MCS Repetition Factor

The slot offset is then used to calculate the start slot of the allocation.  For uplink allocations the start slot is calculated as follows:


Uplink Start Slot = DCI Start Slot + (Slot Offset * 4)

A downlink allocation start slot is calculated as follows:


Downlink Start Slot = DCI Start Slot + Slot Offset
	Second Changes


7.1.4.6
Data transmission and retransmission

7.1.4.6.2
Feedback mechanism and processing
As shown in Figure 7.1.4.6-1, when the receiver receives the corresponding signals according to the BS scheduling, the receiver will try to combine the signal with that of the previous transmission if this is a retransmission of the MAC PDU. Then the receiver demodulates and decodes the combined signal. If the MAC PDU is decoded successfully, the receiver will increase the sequence number of V(R) by 1 (for 1-bit V(R), this equals to reversing the sequence of V(R)), and then send the updated V(R) to the transmitter. Otherwise if the PDU is decoded failure, the sequence of V(R) will be kept the same and be sent back to the transmitter.

On the transmitter side, it will check the value of the sequence 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, this means the previous PDU has been decoded successfully on receiver side. 

- 
Otherwise, it means a decoding failure on the receiver. 

According to the received V(R), the transmitter can choose the expected MAC PDU with correct redundancy version to be sent in the next scheduling.



7.1.4.6.2.1 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, see subclause 7.1.4.5.2, 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 downlink 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 downlink MAC PDU and therefore will not provide feedback in the next uplink 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 the next uplink allocation, indicating a retransmission is required.

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

7.1.4.6.2.2 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 uplink MAC PDU is used to trigger entry of RDR from ADR in Connected Mode-Active, see subclause 7.1.4.9.1, 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 7.1.4.6-2 Uplink Transmission Acknowledgement scheme 
As shown in Figure 7.1.4.6-2, the uplink 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 uplink 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 the next uplink transmission.  If the base station requests the transmission of the next MAC PDU, the UE can discard the previous MAC PDU, freeing buffer space.

When the base station indicated successful reception of the last uplink MAC PDU, the UE enters RDR, see subclause 7.1.4.9.1. 

Table 7.1.4.6-1 defines the actions taken by the UE and the base station, depending upon which DCIs the UE has received, whether the last uplink MAC PDU has been transmitted and whether the bitmap ACK field indicates successful reception of the  uplink  MAC PDU.

Table 7.1.4.6-1 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.


	End of Changes
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