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1 Introduction
One WI for NB-IoT is approved at RAN#69 meeting [1]. One of the objectives related to L2/L3 protocol is:
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

This paper try to figure out a profile how to simplify the LTE protocol based on the analysis of the traffic mode in [2].
2 Traffic model

There are four typical traffic models in [2] as following:
MAR exception report:

The Mobile autonomous reporting (MAR) exception reports is modelled as one 20 BYTE application load and one application ACK packet with zero packet size is expected. The exception report is a rare event typically occurring every few months or even years. But once it occurs it is required to deliver it to network within 10s. 
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Figure 1

MAR periodic report:

The packet size and periodicity will follow table E.2-1 [2]. The packet size is between 20~200 BYTE and it will be transmitted per day or hours. 50% of the MAR has DL ACK and 50% has no DL ACK.
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Figure 2

Network command:
Device sends MAR report as response to network command which is 20 BYTE. The periodicity of network command and packet size of MAR report follow table E.2-1[2]. Basically the event occurs in quite similar way as MAR periodic report. 50% of the network command doesn’t require response from device.
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Figure 3

Software update/reconfiguration model:
The packet size is between 200 and 2000BYTE which follows table E.2-2 [2]. It occurs in average per half year.
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Figure 4

Observation1: The traffic is kind of sporadic. The most frequent traffic occurs in Figure 2 and Figure 3 i.e. 30 minutes.  Most likely there is only one application packet in downlink and/or one application packet in uplink in RRC-CONNECTED.

According to section E.3 [2], additional overhead of protocol till IP is 65 BYTE and 29 BYTE. So for packet between 20BYTE~200 BYTE, the total packet size before PDCP layer is 85~265BYTE or 49~229BYTE. And packets between 200~2000BYTE, the total packet size before PDCP layer is 265~2065 or 229~2029BYTE.
Observation2:  The most frequent transmitted packet has size of 85~265BYTE or 49~229BYTE in uplink and 20BYTE in downlink.
Observation3: The biggest packet size is 2029 or 2065BYTE in downlink.
Observation4:  If other traffic models need to be considered for future proof (e.g. "slow" file upload), then some of the assumptions here need to be further checked.
3 Discussion
In the introduction section [2] it says “Techniques captured in this report have been developed based on the assumption that Cellular IoT devices require very low throughput, do not have stringent delay requirements like those required for real time services, do not need to support circuit switched services, do not need to support Inter-RAT mobility and will perform intra-RAT mobility by cell reselection”. The reason to only support mobility by cell reselection is because majority UE are static. So any functionality related to mobility via handover is not needed.
Proposal1: Functionality related to mobility via handover is not needed.
3.1 PDCP

In PDCP layer when one IP packet arrives, PDCP layer will still assign one PDCP layer sequence number. Since IP packet is very sporadic, short SN with 7bits is sufficient. It is possible to reduce the SN size. But considering it doesn’t help to reduce the PDCP layer overhead we can keep the 7bit SN.  Due to same reason no congestion will occur in PDCP layer, so timer based discard functionality can be removed. And because of no PDCP re-establishment duplication detection can be also removed. Of course for transmitter and receiver compression/decompression, cipher and decipher functionality should be kept.
Here is the summary of PDCP functionality
	Functions
	Potential modification

	header compression and decompression of IP data flows using the ROHC protocol
	Reuse

	transfer of data (user plane or control plane)
	Reuse 

	Ciphering and Integrity Protection
	Reuse (SN =7 bits)

	Ciphering and deciphering
	Reuse

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

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

	Retransmission of PDCP SDUs at handover for RLC AM
	Removed

	Timer-based SDU discard in uplink
	Removed

	for split bearers, routing and reordering
	Removed 

	duplicate discarding
	Removed 


Table 1 PDCP Functions
Proposal2: In PDCP layer only functions in table 1(not grey colour) is kept. 
Proposal2a: The SN size is 7 bits.

3.2 RLC

For RLC layer, first of we need decide whether AM mode should be used. The main concern on AM mode is not only complexity of protocol but also the protocol overhead e.g. RLC status report can be saved.
Assuming BLER error ratio is 10% in MAC layer and maximum retransmission number 4 i.e. total 5 transmissions, then the residential error ratio is 10^(-5). Assuming there are up to 32 RLC PDU (assuming 5bit SN, 200BYTE AMR data packet), then the residential error ratio after successful delivering 32 RLC PDUs is 1-(1-10^(-5))^32=0.042%.  If ARQ functionality relies on application layer, then the overhead is 200*0.042%<1 BYTE i.e. almost negligible.  The biggest packet for downlink is 2065BYTE. Assuming it is segmented into 100 RLC PDU, then the residential error ratio after successful delivering 100 RLC PDUs is 1-(1-10^(-5))^100=0.1%. Assuming application level ARQ functionality, then the overhead is 2000*0.1%=2BYTE. Assuming AM mode in RLC layer and format in Figure 6.2.1.5-1 of 36.322 is used, and then there are 2 more BYTE overhead compared to UM PDU format in Figure 6.2.1.3-2 for every single RLC PDU. That means there are at least 2*32 BYTE and 2*100 BYTE more overhead in RLC layer for these two examples respectively.
Proposal3: Only RLC UM mode is supported.
Proposal4: It is proposed to introduce application level retransmission functionality.
According to analysis on traffic modelling in section 2, small packet will also arrive sporadically. So concatenation of small packets into one RLC PDU seems useless. On other hand still there is big packet both in downlink and uplink according observation2 and observation3, so segmentation is still needed. For downlink if 2065BYTE is divided into 32 segments, then each one is 65 BYTE. For NB-IoT system it is still a big TB size considering there are different coverage levels. That’s why both SN=5 bits and 10bits should be supported.
Proposal5: No concatenation is needed for UM mode.
Proposal6: UM mode with SN=5bis or SN=10 bits are supported for UM mode.
	Functions
	Optimization

	Transfer of upper layer PDUs
	Reuse

	Concatenation, segmentation and reassembly of RLC SDUs (only for UM transfer)
	Only support SN=5 and SN=10 UM PDU.
Concatenation is not needed

	Reordering of RLC data PDUs (only for UM and AM data transfer)
	In case multiple HARQ processes are introduced, then it is still needed.

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

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


	Duplicate detection (only for UM and AM data transfer)
	Remove

	Protocol error detection (only for AM data transfer)
	Remove

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

	RLC re-establishment;
	Remove 


Table 2 RLC Functions
3.3 MAC
According to observation 1, in majority case UE will wake up from deep sleep and start to transmit or receive data packet. That means RACH procedure will run frequently. The main motivation to enhance RACH procedure in current LC-MTC is to support enhanced coverage level. This will be the same for NB-IoT WI. So the agreements achieved in RAN2#90 can be also applied for NB-IoT. Of course the PRACH design in NB-IoT is different compared to LC-MTC WI in terms of numerology.
Proposal 7: It is proposed to reuse RACH enhancement for LC-MTC for NB-IoT with different numerology.
SA2 hasn’t concluded the light S1 architecture. There two groups of solutions namely CP solution and UP solution. CP solutions intend to send data packet with NAS signalling within one AS signalling. UP solutions intend to transmit or receive in DRB. Considering the job of IoT device will be very simple and data packet will arrive in sporadic way, it is assumed one SRB i.e. SRB1 and at most one DRB is needed.

Observation5: One SRB and at most one DRB are needed for one specific IoT device
	Functions
	Optimization

	RACH procedure
	Reuse enhancement of agreement for LC-MTC with different numerology

	Mapping between logical channels and transport channels
	Reuse
Note: normally doesn’t happen considering observation 4

	Multiplexing/De-multiplexing
	Reuse 

	Scheduling 
	Reuse 



	Transport format selection
	Reuse


	Priority handling between logical channels of one UE
	FFS
SRB always has higher priority compared to DRB. If SRB and DRB will not transmit simultaneously or only SRB is configured, then it can be removed.

	Discontinuous Reception (DRX)
	Reuse

	BSR report
	Reuse

Note: maybe short BSR is sufficient

	Maintenance of Uplink Time Alignment
	reuse
Note: At least initial TA via PRACH is needed for mobility case

	PHR
	FFS:
Not clear coverage level concept is sufficient for power control. It maybe still needed for UEs in normal coverage area

	DL HARQ 
	Enhancement is needed because of no ACK on PUCCH

	UL HARQ
	Enhancement is needed because of no ACK on PHICH

	MBMS service 
	Remove 

	Semi-Persistent Scheduling
	Remove

	Scheduling request
	Remove

Note: if M-PUCCH can be supported, then come back

	Activation /deactivation
	Removed


Table 3 MAC function
4 Overhead estimation of UP protocol

The overhead in PDCP layer is always 1 BYTE. The overhead in RLC layer maybe 1 BYTE or 2 BYTE and it is up to the SN length of UM PDU. Assuming no multiplexing happens in MAC layer, there is also only 1 BYTE overhead in MAC layer. Table4 summarizes the overhead in UP protocol.
	
	Normal case (BYTE)
	Biggest case (BYTE)

	PDCP overhead
	1
	1

	RLC overhead
	1
	2

	MAC overhead
	1
	1

	PHY CRC overhead
	3
	3

	Total overhead
	6
	7


Table 4 UP protocol overhead
Battery life evaluation [4] and exception report latency [3] are evaluated based on current LTE protocol assuming UP protocol overhead normal case i.e. 6BYTE. It turned out both outcomes are better than the outcome assuming Gb interface [5] [6].
5 Conclusion

Based on the analysis of this paper, we have the following observations and proposals:
Observation1: The traffic is kind of sporadic. The most frequent traffic occurs in Figure 2 and Figure 3 i.e. 30 minutes.  Most likely there is only one application packet in downlink and/or one application packet in uplink in RRC-CONNECTED.

Observation2:  The most frequent transmitted packet has size of 85~265BYTE or 49~229BYTE in uplink and 20BYTE in downlink.

Observation3: The biggest packet size is 2029 or 2065BYTE in downlink.

Observation4:  If other traffic models need to be considered for future proof (e.g. "slow" file upload), then some of the assumptions here need to be further checked.
Observation5: One SRB and at most one DRB are needed for one specific IoT device.
Proposal1: Functionality related to mobility via handover is not needed.
Proposal2: In PDCP layer only functions in table 1(not grey colour) is kept. 

Proposal2a: The SN size is 7 bits.
Proposal3: Only RLC UM mode is supported.
Proposal4: It is proposed to introduce application level retransmission functionality.
Proposal5: No concatenation is needed for UM mode.
Proposal6: UM mode with SN=5bis or SN=10 bits are supported for UM mode.
Proposal 7: It is proposed to reuse RACH enhancement for LC-MTC for NB-IoT with different numerology.
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