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Introduction
[bookmark: _Ref421460494]At RAN#75 it was agreed to start the Release 15 work item on Even further enhanced MTC for LTE. In this paper we address the objective on Support for early data transmission [1]:
· Support early data transmission [RAN2 lead, RAN1, RAN3]
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.
The scope of this paper is threefold:
· In section 2 we present reference performance in terms of uplink service latency and power consumption for a BL UE in CE mode A or B. This may serve as a starting point for the evaluations of the gains of early data transmission.
· In section 3 we present a method for transmitting data in Message 3 and 4 based on a modified version of the RRC Resume procedure.
· In section 4 we discuss RAN1 specific items related to the procedures outlined in section 3. 
This contribution is an update of R1-1705197 where table 5 has been corrected. A slight update to table 10 has been also completed.
BL UE CE mode A/B reference performance
0. Latency
Part of the objective on supporting for early data transmission is to evaluate latency gain. To evaluate the gains for user plane data transmission the latency achieved using the RRC Resume procedure may serve as a relevant base line. 
Figure 1 depicts the eMTC RRC Resume procedure for transmitting a mobile originate (MO) report including the following basic steps:
1. Synchronizing to the PSS/SSS after waking up from (e)DRX or PSM to achieve time and frequency synchronization, and to acquire subframe timing, physical cell identity and cyclic prefix length information.  
2. Setting up a connection, including:
a. Reading MIB to acquire the System Frame Number and SIB1-BR scheduling information.
b. Reading SIB1-BR to acquire the Hyper System Frame timing, system information value tag and access barring status (more exactly the SIB14-BR scheduling information status).
c. Performing the system access procedure.
d. Configuring radio bearers. 
3. Transmitting the uplink report.



[bookmark: _Ref477775032]Figure 1: Data and signalling flow used to model RRC Resume latency performance.
To support latency calculations based on the time from a MO event is triggered until the data is delivered, in Annex A and B we present detailed assumptions on:
· Application level protocol overheads (Table 11).
· The core network protocol overheads and RRC message sizes behind the signaling radio bearer (SRB) transport block sizes indicated in Figure 1 (Table 8).
· Basic radio related assumptions used when deriving the link level performance at 144, 154 and 164 dB coupling loss (CL) (Table 9).
· Link level performance in terms of transmission time intervals (TTI) at 144, 154 and 164 dB (Table 10).
Further details about the background to these evaluation assumptions are given in [3].
The latencies based on the assumptions to deliver an 85-byte packet (including 65 bytes overhead, see Table 11) is presented in Table 1. For a coupling loss of 144 dB it can be noted that ~75% of the reported latency is due to the initial phase of the connection setup where PSS/SSS, PBCH and SIB1-BR acquisition is performed. This is partly due to the evaluated receiver implementation that only attempts to decode the PBCH after 40 ms and the SIB1-BR after 80 ms. A more sophisticated receiver would attempt to decode these messages earlier.
[bookmark: _Ref477779243]Table 1: Latency reference performance.
	Coupling loss [dB]
	Latency 

	144 
	0.2 s

	154
	0.6 s

	164
	8.5 s



Observation 1: The performance presented in Table 1 may serve as the base line performance for evaluating the latency gains for early transmission of data.
It should be noticed that already in Release 13 the data can be multiplexed with the RRC Connection Resume Complete message in the MAC layer and not transmitted after the RRC Connection Resume Complete message as assumed here. So a more optimized reference performance should be possible to achieve and is for further study.
Also for mobile terminated data transfer a reference model should be developed to show the gains of early data transmission in the downlink. In addition to adding a downlink data transfer to the message flow in Figure 1, the time to address a device with a page should be considered.
0. Battery life
In addition to latency, the gain in power consumption, or battery life, from the introduction of an early data transmission feature is to be quantified. As for latency the performance achieved for the RRC Resume procedure may serve as baseline for evaluating the achievable gains, but in terms of battery life. 
Figure 2 depicts the procedure used to evaluate the battery life. It includes the modelling of four levels of power consumption; TX, RX, light sleep, and deep sleep. One second waiting time between uplink and downlink transmission is included in the model as well as a 20-second Active timer after the connection has been released. Further detail outlines of the background to these evaluation assumptions are given in [2].



[bookmark: _Ref477786263]Figure 2: Data and signalling flow used to model  RRC Resume battery performance.
Based on the assumed traffic model (Table 12, Table 13) and assumed power consumption levels (Table 14) presented in Annex C, the battery life presented in Table 2 and Table 3 are achieved. These may serve as base line performance for evaluating the battery life gains for early transmission of data.
Observation 2: The performance presented in Table 2 and Table 3 may serve as base line performance for evaluating the battery life gains for early transmission of data.

[bookmark: _Ref477788107]Table 2: Battery life according to Release 13 scenarios according to TR 45.820 [5].
	Reporting interval 
	DL Packet size 
	UL Packet size 
	Battery life [Years]

	
	
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	2 hours
	65 bytes
	50 bytes
	23.7
	13.9
	2

	
	
	200 bytes
	22.3
	8.7
	0.9

	24 hours
	
	50 bytes
	36.5
	33.4
	15.5

	
	
	200 bytes
	36.2
	29.9
	8.8



[bookmark: _Ref477788109]Table 3: Battery life according to Release 14 scenario according to TR 38.913 [6].
	Reporting interval 
	DL Packet size 
	UL Packet size 
	Battery life [Years]

	
	
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	24 hours
	20 bytes
	200 bytes
	36.2
	29.9
	8.8



It should be noted that the power consumption levels used here was derived for NB-IoT in Release 13. We would welcome feedback if these levels are applicable also to eMTC. The transmitted power consumption is e.g. based on 45% PA efficiency. Figure 3 in Annex C shows the dependency between battery life and PA efficiency, and indicates the importance of correct assumptions.
Observation 3: The power levels for evaluating eMTC battery life are reused from the Release 13 NB-IoT evaluations. The reliability of the estimated battery life is highly dependent on the accuracy of this assumption.
Early data: Data transmission in Msg3 and Msg 4
Data in Msg3
A promising solution for early data transmission is to append uplink data to Msg3 and downlink data to Msg4. 
In terms of the RRC Resume solution this means that uplink data can be transmitted in the RRC Connection Resume Request instead of the RRC Connection Resume Complete. This would reduce the latency to the time it takes to transmit the MPDCCH, PDSCH, PUCCH and PUSCH associated with the RRC Connection Resume and the RRC Connection Resume Complete messages. The transmission times indicated in Table 10 for these physical channels suggest that the absolute gains are most significant at the MCL of 164 dB. Around ~1 sec latency reduction should be within reach at the MCL.
To facilitate flexible use of this feature, RAN1 should review the suitability of the uplink grant in the Random Access Response to support data transmission in the RRC Connection Resume Request. Currently the Random Access Response grant supports the transfer block sizes (TBS) shown in Table 4 and Table 5. If updates to the current functionality is needed this should be specified as part of the early data feature in Release 15.  
Observation 4: RAN1 should review the suitability of the uplink grant in the Random Access Response to support data transmission in Msg3.

[bookmark: _Ref478069607]Table 4: CE Mode A Msg3 TBS table.
	ITBS
	NPRB

	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712



[bookmark: _Ref478069610]Table 5: CE Mode B Msg3 TBS table.
	ITBS
	NPRB

	
	1
	[bookmark: _GoBack]2

	0
	56
	152

	1
	88
	208

	2
	144
	256

	3
	176
	328




Data in Msg4
Downlink data can be appended to the RRC Connection Resume message, instead of transmitted after the RRC Connection Resume Complete. This would reduce the latency to the time it takes to transmit the PUSCH, MPDCCH and PDSCH related to the RRC Connection Resume Complete. The most promising gains are foreseen achievable at the MCL of 164 dB. Around ~1 sec latency reduction should be achievable.
The RRC Connection Resume message is scheduled using DCI format 6-1A (CE Mode A) or DCI format 6-1B (CE Mode B) scrambled by the temporary C-RNTI. Table 6 and Table 7 presents the available set of transfer blocks for Cat-M1. These are the same as when scheduling the PDSCH on a data radio bearer and should be sufficient to cater for early data in Msg4. The same observation holds for Cat-M2 and other BL/CE UEs as they support an even wider range of transfer block sizes.
Observation 5: The supported set of Msg4 transfer block sizes are sufficient to cater for early data.

[bookmark: _Ref478110739]Table 6: Cat-M1 CE Mode A Msg4 TBS table. 
	

	


	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	

	11
	176
	376
	584
	776
	1000
	

	12
	208
	440
	680
	904
	
	

	13
	224
	488
	744
	1000
	
	

	14
	256
	552
	840
	
	
	




[bookmark: _Ref478110744]Table 7: Cat-M1 CE Mode A Msg4 TBS table. 
	

	


	
	4
	6

	0
	88
	152

	1
	144
	208

	2
	176
	256

	3
	208
	328

	4
	256
	408

	5
	328
	504

	6
	392
	600

	7
	472
	712

	8
	536
	808

	9
	616
	936



Conclusions
In this paper we have presented latency and battery life performance for BL UE in CE mode A/B with the RRC Resume procedure. We have also presented a method for transmitting data in Msg3 and Msg4 to further improve the presented performances. We finally made the following set of observations:
Observation 1: The performance presented in Table 1 may serve as the base line performance for evaluating the latency gains for early transmission of data.
Observation 2: The performance presented in Table 2 and Table 3 may serve as base line performance for evaluating the battery life gains for early transmission of data.
Observation 3: The power levels for evaluating eMTC battery life are reused from the Release 13 NB-IoT evaluations. The reliability of the estimated battery life is highly dependent on the accuracy of this assumption.
Observation 4: RAN1 should review the suitability of the uplink grant in the Random Access Response to support data transmission in Msg3.
Observation 5: The supported set of Msg4 transfer block sizes are sufficient to cater for early data.
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Annex A: General assumptions for early data evaluations
Table 8 presents the higher layer assumptions used for evaluation of latency and battery life performance.
[bookmark: _Ref477776263]Table 8: Assumptions on core network protocol overheads and RRC message sizes.
	Parameter
	Assumption

	MIB
	24 bits

	SIB1-BR
	152 bits

	Higher layer procedure
	RRC Resume

	PDCP
	5 byte

	RLC
	2 byte

	MAC
	2 byte

	Random Access Response
	7 byte

	RRC Connection Resume Request PDU
	6 byte

	RRC Connection Resume PDU
	2 byte

	RRC Connection Resume Complete PDU
	3 bytes

	RRC Connection Release PDU
	8 byte



Table 9 and Table 10 presents the radio related assumptions used for evaluation of latency and battery life performance. For the battery life calculation in the scenario of 24 hour report periodicity with 200 bytes uplink at 164 dB coupling loss the average number of transmissions was used for the modelling of the PUSCH. In this case the PUSCH targeted a BLER of 40%.

[bookmark: _Ref477776533]Table 9: Radio related assumptions.
	Parameter
	Assumption

	Propagation condition
	ETU, EPA

	Fading 
	Rayleigh, 1 Hz 

	Mobile NF
	5 dB 

	Base station NF
	3 dB 

	Device power class
	23 dBm

	LTE system BW
	10 MHz

	Base station power class
	46 dBm 

	Power boosting
	3 dB on PSS/SSS, MIB

	Coupling loss
	144, 154, 164 dB 

	Targeted link level performance
	PSS/SSS, PBCH, SIB1-BR: 90th percentile acquisition time
PDSCH, PUSCH: 10% BLER
MPDCCH, PUCCH, PRACH: 10% BLER

	Link level scenario
	Sensitivity limited 

	SIB1-BR repetitions
	16



[bookmark: _Ref477776581]Table 10: Assumed transmission times at 144, 154 and 164 dB coupling losses for the evaluation of latency.
	Coupling loss
	PDSCH
10% BLER
932 bit TBS
	PUSCH
10% or 40% BLER
932, 512 or 392 bit TBS
	MPDCCH
10% BLER
	PUCCH F1A
10% BLER
	PRACH F0
10% BLER
	PSS/SSS
90th percentile
	MIB
90th percentile
	SIB1-BR
90th percentile

	144
	4
	16
10% BLER
932 bit TBS
	1
	1
	2
	40
	40
	80

	154
	64
	256
10% BLER
932 bit TBS
	8
	8
	16
	40
	40
	80

	164
	1024
	2048 
10% BLER, 392 bit TBS
1024
42% BLER, 512 bit TBS
	64
	32
	128
	460
	640
	640



Annex B: Assumptions for latency evaluations
Table 11 presents the application layer assumptions used for evaluation of latency performance.
[bookmark: _Ref471306220]Table 11: Packet model for latency evaluations.
	Protocol layer
	Overhead [bytes]

	Application data
	20 bytes

	COAP
	4 bytes

	DTLS
	13 bytes

	UDP
	8 bytes

	IP
	40 bytes

	Total
	85 bytes



Annex C: Assumptions for battery life evaluations
Table 12 and Table 13 presents the application layer assumptions used for evaluation of battery life performance.
[bookmark: _Ref478049579]Table 12: Release 13 battery life evaluation scenarios.
	Message type
	UL report
	DL Application Acknowledgment

	Size
	200 bytes
	50 bytes
	65 bytes

	Arrival rate
	Once every 2 h or once every 24 h



[bookmark: _Ref478049584]Table 13: Release 14 battery life evaluation scenarios.
	Message type
	UL report
	DL Application Acknowledgment

	Size
	200 bytes
	20 bytes

	Arrival rate
	Once every 24 h



Table 14 presents the power consumption assumptions used for evaluation of battery life performance taken from the Rel-13 NB-IoT evaluations. Figure 3 shows the battery life for a 23 dBm device for a range of PA efficiencies. The evaluation was performed for the 24 hour report triggering interval, and 200 bytes uplink followed by 65 bytes downlink at 164 dB coupling loss.

[bookmark: _Ref478049589]Table 14: Release 13 power consumption levels.
	Device power consumption 

	TX (23 dBm, integrated PA: 45% eff.)
	500 mW (incl. 60 mW support circuity) 

	RX
	80 mW 

	Idle – Light sleep
	3 mW 

	Idle – Deep sleep
	0.015 mW 



[image: ]
[bookmark: _Ref478048671]Figure 3: Battery life as function of PA efficiency for 23 dBm device with 60 mW power consumption from support circuits.
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