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1.	Introduction
The main concern in using RLC AM for NB-IOT is power consumption due to transmission of RLC status report. In this paper, we discuss whether transmission of RLC status report is a real big problem for NB-IOT.

2.	Discussion
The receiving RLC entity triggers an RLC status report when:
	-	1. detecting a missing PDU.
	-	2. receiving a PDU with Poll bit set to 1;
Therefore, the frequency of RLC status report transmission can be reduced by:
	-	1. minimizing the number of missing PDUs.
	-	2. minimizing the number of polling PDUs;
In the below, we’ll describe how the number of RLC status report transmission can be minimized in UL and DL, respectively.

2.1	UL RLC status report transmission
In the DL data transmission, the eNB sets the Poll bit, and the UE transmits the RLC status report when detecting a missing PDU or receiving a polling PDU. 
The UE RLC detects a missing PDU when an out-of-sequence PDU is received. Since only 1 HARQ process is used in NB-IOT, the reordering timer would be set to 0, and the UE RLC can detect a missing PDU immediately upon reception of an out-of-sequence PDU.
The eNB can avoid missing PDU in the UE by autonomous RLC retransmission. That is, when the HARQ NACK is received, the eNB can retransmit the HARQ-NACKed PDU either in HARQ or RLC. Then, the only case the missing PDU occurs in UE RLC is when the HARQ NACK-to-ACK error occurs in the eNB. 
In this case, the eNB would not retransmit the HARQ-ACKed PDU and this RLC PDU would be detected to be missing in the UE RLC. Then, the UE RLC sends an RLC status report to request the retransmission. However, the probability of HARQ NACK-to-ACK error is typically less than 10^-3, and thus the RLC status report by missing PDU would not happen frequently.
Observation1: The probability of UL RLC status report transmission by missing PDU is very low.
The UE RLC transmits an RLC status report when it receives a polling PDU. However, when to set the Poll bit is under the eNB control. That is, the eNB is in full control of frequency of RLC status report transmission by polling. 
In NB-IOT, the data burst is typically small, and it should be enough to set a Poll bit only in the last PDU of the data burst (i.e. empty buffer polling). Even if the data burst is large, the eNB can minimize the transmission of polling PDU by setting the Poll bit in proper time. Note that in DL, the eNB can set the Poll bit any time it wants.
One may argue that in order to transmit RLC status report the UE has to perform BSR/SR/RA procedure, which would cause big power consumption. However, this can be avoided by smart eNB scheduling, e.g. the eNB provides UL grant when it sends a polling PDU.
Observation2: The UL RLC status report transmission by polling typically occurs at the end of data burst. The BSR/SR/RA procedure to send RLC status report can be avoided by smart eNB scheduling.
With above observations, we think UL RLC status report for DL data transmission is not an issue in NB-IOT.
Proposal1: Confirm that for UL RLC status report transmission, power consumption is not an issue in NB-IOT.

2.2	DL RLC status report transmission
In the UL data transmission, the UE sets the Poll bit, and the eNB transmits the RLC status report when detecting a missing PDU or receiving a polling PDU. 
The DL RLC status report transmission by missing PDU can be minimized by smart eNB scheduling. For example, the eNB configures the UE with larger maxHARQ-Tx value (i.e. large number of HARQ retransmission), and keeps providing retransmission UL grant until the eNB receives the PDU successfully. Since the UE does not flush the HARQ buffer until maxHARQ-Tx is reached, even if HARQ NACK-to-ACK error occurs, the UE would retransmit the PDU if it receives a retransmission UL grant.
Observation3: The DL RLC status report transmission by missing PDU can be avoided if maxHARQ-Tx is set to larger value.
To minimize the DL RLC status report transmission by polling, the number of UE’s triggering polling needs to be minimized.
In current RLC specification, there are three polling triggers defined, i.e. pollPDU, pollByte, and empty buffer. Among them, we think pollPDU and pollByte triggers do not need to be used for NB-IOT because there is only 1 DRB and the eNB can keep track of the UE’s buffer status. That is, the eNB could disable the pollPDU and pollByte triggers (i.e. set to infinity), and send an RLC status report when it thinks the UE’s buffer status reaches a certain level. Note that the eNB can send RLC status report any time it wants.
The only trigger the eNB cannot control is Empty Buffer polling. The UE would set the Poll bit when the RLC buffer becomes empty, which cannot be predicted by the eNB. 
For a given data burst, it is necessary to set the Poll bit in the last PDU of the data burst in order to close the RLC connection. However, setting Poll bit in other PDUs is not so necessary, especially for a small data burst.
The problem with current protocol operation is that the RLC sets the Poll bit whenever the RLC buffer becomes empty. Even if there are some packets stored in the PDCP buffer, if the RLC buffer becomes empty, the RLC entity considers that it is the end of the data burst, and sets the Poll bit in the last PDU. It means that with bad UE implementation, the UE may set the Poll bit in every transmitting PDU.
Therefore, to avoid polling in every transmitting PDU, it may need to mandate for the NB-IOT UE to process PDCP SDU immediately and store the PDCP PDU in the RLC buffer, or mandate that the NB-IOT shall not make the RLC buffer empty unless PDCP buffer is also empty. Otherwise, the Empty Buffer polling trigger may need to be changed to cover both PDCP and RLC buffers empty.
Observation4: With small modification to UE implementation or Empty Buffer polling trigger, it is possible to make the DL RLC status report transmission by polling occurs only at the end of data burst.
With above observations, we think DL RLC status report for UL data transmission is also not an issue in NB-IOT.
Proposal2: Confirm that for DL RLC status report transmission, power consumption is not an issue in NB-IOT.

3.	Proposal
In this document, we discussed power consumption issue with RLC status report transmission in NB-IOT. With analysis above, we propose followings:
Proposal1: Confirm that for UL RLC status report transmission, power consumption is not an issue in NB-IOT.
Proposal2: Confirm that for DL RLC status report transmission, power consumption is not an issue in NB-IOT.
With two proposals, we finally conclude that using RLC AM has no or very minor power consumption issue in NB-IOT.
Proposal3: Confirm that power consumption is not an issue in using RLC AM for NB-IOT.


1

1

