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1. Introduction
A new WI on Narrow Band IoT (NB-IoT) was approved at RAN #69 [1]. RAN2 is tasked with the following objectives.
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer.
This paper discusses how PDCP, RLC and MAC are designed for NB-IoT based on the existing LTE as a start point. The outcome of GERAN study is also taken into account in terms of L2 protocol aspects for NB-CIoT [2].
2. Discussion
2.1. RLC
In TR 45.820, reuse of LTE RLC for NB-CIoT is analysed summarised in Table 7.3.7.3-1 as excerpted below. 

Table 7.3.7.3-1: Analysis on reuse of LTE RLC layer [2]
	Functions
	Optimization

	Transfer of upper layer PDUs
	Reuse

	Concatenation, segmentation and reassembly of RLC SDUs (only for UM transfer)
	Reuse

	Error Correction through ARQ (only for AM data transfer);
	Remove

	Re-segmentation of RLC data PDUs (only for AM data transfer)
	Remove

	Reordering of RLC data PDUs (only for UM and AM data transfer)
	Remove

	Duplicate detection (only for UM and AM data transfer)
	Reuse as an option

	Protocol error detection (only for AM data transfer)
	Remove

	RLC SDU discard (only for UM and AM data transfer)
	Reuse


RLC-AM and its associated features are moved since it was thought unnecessary to support additional retransmission on top of the one specified in MAC as described in sub-clause 7.3.4.6.3.1 in [2]. Furthermore, the remaining features are moved to MAC (e.g., concatenation, segmentation and reassembly) and so RLC is removed from the L2 protocol stack as illustrated in Fig.7.3.4.3-3 in [2] as excerpted below.
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Figure 7.3.4.3-3: Radio protocol structure in S1 architecture [2]

However, the benefit of deviating from the legacy LTE architecture as such is quite doubtful. If the NB-IoT solution were introduced for a specific service e.g., periodic report from a smart meter, RLC-UM would be sufficient. On the other hand, there are also MTC services requiring reliable lossless transmission even for small data. One of the examples are a remote control service for home emergency via a smart meter, e.g., to stop gas leakage from a remote server upon receiving a request from a customer. To support various MTC use cases, reliable lossless transmission by RLC-AM together with HARQ in MAC should be supported. In addition, LTE RLC was not so modified since Rel-8 and so has been rather stable and light weight. It is questionable if the chipset cost can be reduced by removing such the stable and long-lived feature and protocol. It is also noted that the eNB can configure an appropriate data transfer scheme, i.e., RLC-AM or UM for each bearer based on required QoS. Therefore, the following is proposed.
Proposal 1:
As a baseline, LTE RLC should be reused for NB-IoT UEs as it is including both RLC-AM and RLC-UM.
2.2. PDCP
The reuse of PDCP is also analysed in TR 45.820 as excerpted below.
Table 7.3.7.4-1: Analysis on reuse of LTE PDCP layer [2]

	Functions
	Optimization

	Header compression and decompression: ROHC only
	Reuse

	Transfer of user plane/control plane data
	Reuse with minor simplification

	Ciphering and Integrity Protection
	Reuse

	Ciphering and deciphering
	Reuse

	In-sequence delivery of upper layer PDUs at PDCP re-establishment procedure for RLC AM
	Remove

	Duplicate detection of lower layer SDUs at PDCP re-establishment procedure for RLC AM
	Remove

	Retransmission of PDCP SDUs at handover for RLC AM
	Remove

	Timer-based SDU discard in uplink
	Reuse: change the timer value


The RLC-AM related features are removed, which are also related to handover. The need of RLC-AM was explained in sub-clause 2.1. In addition, the GERAN study seemed to assume that NB-IoT capable UEs do not support handover. The necessity of handover support for Rel-13 eMTC was discussed by email and to be decided at this meeting [3]. It is not clear the advantage of removing the handover feature specified since Rel-8 in terms of the chipset cost. If it helps to reduce the chipset cost, the specification should allow not to support handover by defining it as optional for NB-IoT UEs as commented in [3]. There might be a potential issue to support handover for NB-IoT UEs since measurement delay might be longer due to narrower measurement bandwidth than the legacy LTE. The measurement performance will be evaluated by RAN4 in the scope of this WI. Unless a significant issue is identified, the NB-IoT UE should not be banned from supporting handover. Subsequently, all the PDCP features (except for RN and DC) should be kept for the NB-IoT as it is. The following is proposed.
Proposal 2:

As a baseline, LTE PDCP should be reused for NB-IoT UEs as it is.
2.3. MAC

The reuse of MAC is also analysed in TR 45.820 as excerpted below.
Table 7.3.7.2-1: Analysis on reuse of LTE MAC layer [2]

	Functions
	Optimization

	RACH procedure
	Enhancements: Burst based RACH instead of preamble based RACH. This removes two signalling messages transmitted on SRB0. 

	Mapping between logical channels and transport channels
	Reuse in principle with minor simplification: decrease the number of logical channels and transport channels

	Multiplexing/De-multiplexing
	Reuse in principle with minor simplification: decrease the number of logical channels

	Scheduling 
	Adapt to small data scheduling

	Transmission and retransmission
	Single-process HARQ with PDCCH based UL feedback and DL feedback carried on PUSCH

	Transport format selection
	Reuse in principle with minor simplification: decrease the number of transport formats

	Priority handling between logical channels of one UE
	Reuse in principle with minor simplification: decrease the number of logical channels

	Discontinuous Reception (DRX)
	Enhancements: to support long DRX 

	Priority handling between UEs 
	Reuse

	MBMS service identification
	Remove

	Maintenance of Uplink Time Alignment
	Remove

	Semi-Persistent Scheduling
	Remove

	BSR report
	Reuse in principle with minor simplification 


The features marked with orange depend on the physical layer design and so will be investigated later. If the physical layer design has a commonality with LTE, the existing mechanism can be reused together with the enhancements to be introduced for Rel-13 eMTC (e.g., RACH procedure). This paper hereafter looks into the MAC features not closely related to the physical layer design. This paper assumes that the following working assumption made for Rel-13 eMTC is applicable to NB-IoT [4]; Namely, MBMS and Prose are not supported for Rel-13 LC/EC UEs.
As working assumption Rel-13 LC/EC UEs are not required to receive SIB13, SIB15, SIB18 and SIB19 assuming that those UEs are not required to support the corresponding functionality.
· Mapping between logical channels and transport channels
The mapping between logical channels and transport channels in both UL and DL is excerpted from [5] below. Apart from MCCH/MTCH and MCH specified for MBMS, the other logical and transport channels are essential for transmission and reception of control and use data. It can be reused as specified today. If some of channels are removed or merged, the gain should be justified.
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Figure 6.1.3.1-1 and 6.1.3.2-1:
logical channel and transport channel mapping [5]
· Multiplexing/de-multiplexing including logical channel priority
Assuming that the existing logical and transport channels are reused as it is, the existing LCP mechanism can also be reused even though a typical deployment for MTC services would require only one DRB (and SRBs).
· DRX
There is an on-going WI on extended DRX for LTE [6]. Although the reception bandwidth is reduced to 180 KHz and DL physical layer design might be changed, the eDRX solution could also be applied. 
· SPS

SPS could be used for small data delivery to reduce (M-)PDCCH resources power consumptions. It is not necessary for the specification to prevent the NB-IoT UE from supporting SPS. Instead, the specification enables the market to decide the need of SPS depending on MTC use cases. Since an FGI bit is defined for SPS from Rel-8, one possible approach is to allow not to mandate to implement and test SPS for NB-IoT UEs. It could also be applicable to Rel-13 LC/EC UEs.
· SR/BSR
SR and BSR are essential procedures for UL resource allocation and so can be reused as it is. Optimisation or other schemes may be considered to reduce the delay of the SR procedure like some proposal studied in Rel-12 [7]. Nevertheless, the gain should be carefully assessed reminding of the outcome of Rel-12 study that none of them was introduced.

· PHR

For small data delivery in a short time, PHR may not be needed. On the other hand, disabling PHR may also cause a risk for the other potential MTC services requiring a certain time to deliver data. Unless significant complexity is foreseen, PHR should be supported.

· Activation/deactivation

Given that CA/DC is optional and not likely to be required for MTC services, activation/deactivation is not needed. However, it is not necessary to exclude their functional support unless support of CA/DC is excluded for NB-CIoT/Rel-13 eMTC.
From the above analysis, the following is proposed.
Proposal 3:
As a baseline, LTE MAC features not closely related to the physical layer design should be reused for NB-IoT as it is together with eDRX, which are multiplexind/de-multiplexing including LCP, DRX, SPS, SR, BSR and PHR.
3. Summary and proposal
This paper investigated the existing LTE L2 protocols for NB-IoT. In summary, the followings were proposed.
Proposal 1:
As a baseline, LTE RLC should be reused for NB-IoT UEs as it is including both RLC-AM and RLC-UM.
Proposal 2:

As a baseline, LTE PDCP should be reused for NB-IoT UEs as it is.
Proposal 3:
As a baseline, LTE MAC features not closely related to the physical layer design should be reused for NB-IoT as it is together with eDRX, which are multiplexind/de-multiplexing including LCP, DRX, SPS, SR, BSR and PHR.
Optimisation and deviations from the existing L2 protocols should be considered only if there is a significant issue to meet requirements for MTC services.
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