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1 Introduction
In the last RAN2 meeting, RAN2 started the NB IOT WI discussion. As far as RLC functionality is concerned, the following has been agreed as a working assumption. 

	· NB-IoT MAC, RLC, PDCP and RRC is based on LTE Rel-13. RAN2 aims to reuse as much as reasonable w.r.t. eMTC and eDRX enhancements. Details to be discussed case by case. 
· Whether RLC AM is required for DRBs is FFS.
· RAN2 assume that the PDCP SN size is 7 bits (or less). 

RLC

Assume that we need to support


· Transfer of upper layer PDUs

· Concatenation, segmentation and reassembly of RLC SDUs
Assume that we do not need to support

· Reordering of RLC data PDUs (Dep on HARQ)
· Duplicate detection (Dep on HARQ)

· RLC re-establishment (FFS)


It is FFS whether RLC-AM is supported for NB-IOT. In this contribution, we discuss more details to determine the support of RLC-AM for NB-IOT. 
2 Potential approaches
2.1 Approach 1: HARQ retransmission
If we removed RLC-AM functionality, the immediate question is how to provide the reliable data transmission to meet a certain QoS requirement. According to TR 45.820 and SA2 discussion, MTC applications based on non-IP, IP and SMS type of data should be supported. Although there was no detailed discussion, the LTE QoS requirement can be still applied for MTC applications. It means that the target packet error rate should be 10^-6 according to the current QoS requirement.

One approach would be to rely on HARQ operation. Since the typical target BLER on PUSCH/PDSCH is 10^-2 in the current LTE, this should be improved to meet the LTE QoS requirement.  Ideally, the residual BLER of data channel is decreased with respect to the number of retransmissions. However, it would be subject to the potential PUCCH reliability which cannot obtain combining gain in HARQ operation. The achievable residual BLER is limited to target BLER of data channel and NACK/ACK error. For example, in current LTE, NACKtoACK error in PUCCH targets to 10^-3. If 10% of BLER is assumed for data, it is not possible to reduce the residual BLER under 10^-4.
During NB IOT study item, the control channel reliability is assumed as 10% in 45.820 in the context of coverage evaluation methodology. In reality, this target can be improved to meet physical layer reliability similar to LTE requirement. However, it is still challenging to reduce down to 10^-4 or 5 to achieve the residual BLER defined for general non-delay sensitive data in LTE QoS (10^-6). 
Observation: with the current RAN1 assumption on the control and data channel, it is unlikely that HARQ operation can replace RLC AM functionalities. 
2.2 Approach 2: MAC level ARQ 

In TR 45.820, MAC level ARQ solution was studied as an alternative to replace RLC-AM. For reference, it is captured in Annex. In this section, we compared MAC level ARQ to RLC level ARQ for the better understanding. 
Table 1: comparison between LTE RLC-ARQ and MAC-ARQ

	
	LTE RLC-ARQ
	MAC-ARQ

	Receiver buffer/retransmission buffer size
	RLC_Widow_Size =512
	1

	Retransmission triggering
	NACKed RLC PDU in a STATUS report
	Same V(R) as V(s)

	Contents of feedback
	ACK_SN, NACK_SN, SOstart and SOend per NACKed PDU
	V(R) value

	Feedback triggering
	STATUS report triggered by polling or reordering timer expiry
	Uplink scheduling for the feedback  on downlink data 
Every uplink grant for the feedback on uplink data 

	Feedback signaling
	Status RLC PDU
	Feedback on downlink data: MAC PDU

Feedback on uplink data: V(R) in control channel. 


In case of MAC level ARQ, there is no need to manage RLC retransmission buffer. In downlink data feedback, the UE sends feedback MAC PDU based on a simple condition i.e. upon reception of MAC PDU or upon uplink scheduling for HARQ failure case. In eNB side, the eNB includes V(R) value in the control channel for uplink scheduling. It is equivalent to NDI bit.  
Observation: MAC level ARQ requires simpler operation than the current LTE RLC-AM. 
In LTE, one of RLF triggering condition is when the maximum number of retransmissions has reached in RLC. If we introduce MAC-ARQ instead of RLC-ARQ, the functionality to indicate RLF should be also supported in the MAC instead of RLC. 

2.3 Approach 3: Simplification of RLC ARQ
In order to reduce UE complexity to support RLC-AM, simplification of ARQ functionalities can be considered. In our view, RLC buffer is the root cause of increasing memory size and consequently increasing the cost in RLC-AM. RLC buffer is dimensioned with RLC_Window_Size (512). If RLC_Window_Size is reduced, the required memory size will be reduced. In addition, some features can be omitted as summarized in Table 2.  
Table 2: comparison between existing RLC-ARQ and simplified RLC-ARQ

	Feature 
	Existing LTE RLC-ARQ
	Simplification (example)

	RLC_Widow_Size
	512
	1

	Polling condition
	Number of PDUs transmitted
Number of bytes transmitted

Expiry of poll retransmission timer

Both transmission and retransmission buffers becomes empty
	Only PollPDU =1 


	Retransmission triggering
	NACKed RLC PDU in a STATUS report
	NACKed RLC PDU in a STATUS report

	Contents of feedback
	ACK_SN, NACK_SN, SOstart and SOend per NACKed PDU
	1 bit 

	STATUS reporting trigger
	By polling or missing PDU detection
	By polling 

	t-StatusProhibit
	Supported
	Not supported

	Status RLC PDU
	Supported
	Supported

	RLC re-segmentation
	Supported
	Not supported


Most of features can be just omitted or limited with the change of value like RLC_Window_Size. For RLC status PDU, a new PDU may be defined to reduce the size of PDU because it is not necessary to indicate SN if the buffer size is small. However, if RLC SN size is reduced similar to PDCP SN, a new RLC status PDU should be also required.  

Observation: RLC-AM functionalities can be simplified by reducing RLC_Window_Size and removing some features. 
3 Summary and conclusion
The following table shows initial comparison among approaches discussed in Section 2. 
Table 3: comparison of approaches

	
	HARQ retransmission
	MAC-ARQ
	Simplification of RLC ARQ

	Meeting LTE QoS  
	Very challenging
	Feasible
	Feasible

	Overhead (in addition control channel for HARQ)
	No
	MAC PDU for downlink data
(every received MAC PDU and uplink scheduling)


	RLC status report 
(received RLC PDU indicating polling)

	Size of feedback
	N/A
	1 bit V(R) + MAC PDU header
	1bit (A/N) + RLC header + MAC PDU header

	Spec impact 
	No
	Large
	Medium


HARQ retransmission requires no overhead and no specification impact. However, it is highly challenging to achieve LTE QoS requirement based on the current RAN1 assumption on the channel reliability. 

Proposal 1: ARQ functionality should be required to meet LTE QoS requirement. 

If we assume that RLC status report is transmitted on every received RLC PDU due to the reduction of RLC retransmission buffer size, the overhead of feedback signaling (in terms of the number of PDU) should be equivalent. One small difference is the presence of RLC header i.e. MAC-ARQ does not include RLC header because it is generated in MAC layer. Therefore, if the simplification of RLC-ARQ is feasible, from the specification impact point of view, the simplification of RLC-ARQ is more attractive to reduce UE complexity than MAC-ARQ.  
Proposal 2: Simplification of RLC-ARQ should be discussed before agreeing on the introduction of MAC-ARQ. 
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