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Introduction
[bookmark: _Ref421460494]At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC) was approved [1]. 
In [3], a design, i.e., narrow band LTE (NB LTE) based on re-using the current LTE system but using a 200 kHz bandwidth is proposed. In this contribution, following the methodology given in [2], the evaluation results of exception report delivery latency is presented. 
This contribution is an update of GP-150786 presented at GERAN#67.
Note EPDCCH, PUSCH, PDSCH, etc refer to the physical channels in NB-LTE, unless indicated otherwise.
Procedures of exception report
In Figure 1, the different steps of delivering an exception report are depicted. The time used in each step varies depending on the coverage class the terminal belongs to.  Note that standalone deployment and Gb based architecture is assumed for the latency evaluation, since that is what has been agreed to be assumed in the GERAN study item.


Figure 1 Illustration of steps required during an exception reporting event
Synchronization time
The network synchronization time is evaluated in [4] for 164 dB coupling loss and is shown in Table 1. The worst case scenario (non-initial cell search with two interferers) and the 90 % confidence level are used in the latency evaluation. The same assumptions and simulation settings have been used to derive the synchronization time for the case of 144 dB and 154 dB coupling loss. Note that after synchronization the terminal is frame aligned and knows the timing within 80 ms.
[bookmark: _Ref426210741]Table 1 Time to synchronize to the network
	
	Coupling loss (dB)

	
	144
	154
	164

	Tsync (ms)
	840
	840
	1460



Time to obtain primary system information
It is assumed that the terminal has previously accessed the cell and that the stored system information remains valid. System information is verified by reading the ValueTag parameter in the Master Information Block (MIB) broadcasted on PBCH.  Note that this is a difference compared to legacy LTE where the ValueTag is contained in SIB1.
The average reception times for PBCH at each coverage level are presented in [4]. For MIB reception time it is assumed that 1/1/4 code sub-blocks are needed for reception at 144/154/164 dB coupling loss. Each code sub-block is repeated 8 times and spread over an 80 ms interval (one repetition in each subframe 0). 
· For terminals with 144 and 154 dB coupling loss, a single code sub-block is sufficient to decode MIB. Waiting for the start of the 80 ms interval takes 80 ms in the worst case, and reading the code sub-block then takes 71 ms. Thus the total required time is 80+71=151 ms. 
· For terminals with 164 dB coupling loss, four code sub-blocks are required to decode MIB.  However, since MIB is updated in every TTI (640 ms), the four code sub-blocks must be in the same TTI in order for decoding to succeed. In the worst case, waiting until this condition is fulfilled causes an extra delay of four code-sub blocks, or 4*80=320 ms.  Reading the four code sub-block then takes 3*80+71=311 ms. Thus the total required time is 320+311=631 ms.
The time to obtain MIB is summarized in Table 2 for the different coupling loss values. 
[bookmark: _Ref426211675]Table 2 Time to obtain Master Information Block
	
	Coupling loss (dB)

	
	144
	154
	164

	TMIB (ms)
	151
	151
	631



Note that in LTE terminals are also notified about SI updates via Paging. If a similar mechanism is supported in NB-LTE, the terminal can skip the MIB reading as the ValueTag would not need to be validated. The exception report latency could therefore potentially be reduced by roughly TMIB ms.
Time to perform random access
Overview of NB-LTE random access procedure 
In NB-LTE, the same four-step random access procedure as in LTE is followed:
· Msg 1: UL: Random access preamble on PRACH
· Msg 2: DL: Random access response (C-RNTI, TA, uplink grant)
· Msg 3: UL: “Connection request” (TLLI, Access cause, BSR)
· Msg 4: DL: Contention resolution message (copy of TLLI) 
The TLLI transmitted in message 3 identifies the terminal and is also used for contention resolution in message 4.  In GPRS, the TLLI identifies the terminal on the Gb interface and is used to route uplink and downlink data to the correct terminal. It is assumed that the base station associates the TLLI with the C-RNTI that it assigns to the terminal.  Thus, there is no need to include the TLLI with uplink data as the base station can deduce this information based on the C-RNTI.
Time to send PRACH
The time used to send PRACH varies according to the coverage class a terminal belongs to. In order to simplify the calculation, it is assumed that the terminal sends PRACH in the next available PRACH slot. The PRACH design of NB LTE is given in [3] and the PRACH performance is evaluated in [4]. The time used to send PRACH is summarized in Table 3.
· For terminals with 144 dB coupling loss, the time between MIB acquisition and random access preamble transmission is at most 240 ms (Format 0 PRACH period is 240 ms). The preamble transmission then takes 4 ms.
· For terminals with 154 dB coupling loss, the time between MIB acquisition and random access preamble transmission is at most 240 ms (Format 1 PRACH period is 240 ms). The preamble transmission takes 24 ms, spanning over two PRACH periods. Therefore, the total time is 240+240+12=492 ms.
· For terminals with 164 dB coupling loss, the time between MIB acquisition and random access preamble transmission is at most 60 ms (Format 2 PRACH period is 60 ms). The preamble transmission takes 240 ms, spanning over twenty PRACH periods. Therefore, the total time is 60+60*19+12=1212 ms.
[bookmark: _Ref426213074]Table 3 Time to send PRACH
	
	Coupling loss (dB)

	
	144
	154
	164

	TPRACH (ms)
	244
	492
	1212



Time required for RA msg2-4 
The time required for the remainder of random access procedure (i.e. RA msg2-4) is summarized in Table 4 below. The details for the assumed DL and UL data rates are provided in the annex. 
The scheduling delays (indicated using grey color in Table 4) are estimated as follows:
· Upon receiving a RACH preamble the base station will aim to schedule RAR as soon as possible. In the undesirable and unlikely case that the base station had just scheduled all downlink resources, the terminal may need to wait. To account for this situation, an additional delay of MAX_EPDCCH_TX + MAX_PDSCH_TX + MAX_EPDCCH_WAIT = 40+500+40=580 ms is assumed before the EPDCCH is received. 
· It is assumed that PDSCH transmissions start in the next subframe after the end of the EPDCCH transmission. The terminal buffers PDSCH, and once it has processed the downlink assignment it starts to decode the PDSCH transmission. The delay between EPDCCH and PDSCH is therefore 0 ms. 
· It is assumed that PUSCH transmissions start in the next uplink subframe after the end of the EPDCCH transmission. Since uplink subframes in NB-LTE has duration of 6 ms, the worst case delay between EPDCCH and PUSCH is 6+3=9 ms. The additional 3 ms comes from the required processing time in the terminal and the Rx/Tx switching.
· Due to the same reasoning as in the previous point, a delay of 9 ms is also added between RA msg 2 (RAR) and RA msg 3. As described above, RA msg 2 contains the UL grant for the transmission of RA msg3.
· After transmission of RA msg3, the terminal waits until the next EPDCCH occurrence and then receives the downlink grant for RA msg4. The EPDCCH periodicity is assumed to be 40 ms (same as the maximum EPDCCH transmission time) and the waiting time is calculated as 40-(T mod 40), where T is the time required for the preceding steps.
[bookmark: _Ref428534428]Table 4 Time required for RA msg2-4
	
	
	Coupling loss (dB)

	
	Bytes (L1)
	144
	154
	164

	Wait for EPDCCH
	
	580
	580
	580

	DL assignment
	8
	1
	4
	40

	Wait for PDSCH
	
	0
	0
	0

	RA msg 2 (RAR)
	10
	1
	4
	40

	Wait for PUSCH
	
	9
	9
	9

	RA msg 3
	11
	24
	84
	300

	Wait for EPDCCH
	
	5
	19
	11

	DL assignment
	8
	1
	4
	40

	Wait for PDSCH
	
	0
	0
	0

	RA msg 4
	8
	1
	4
	40

	TRAmsg2-4 (ms)
	
	622
	708
	1060




[bookmark: _Ref426402466]Time to get UL grant
Once random access is completed the terminal waits for an uplink grant on EPDCCH. Based on the buffer status report included in RA msg3 the eNB selects a suitable grant size and transmits the EPDCCH.
The EPDCCH waiting time depends on the current subframe and the EPDCCH period, and is calculated in the same way as for RA msg4. Furthermore, due to same reason as above, a 9 ms delay is also added after the end of EPDCCH transmission and the start of the PUSCH transmission. The details for the assumed DL data rates are provided in the annex. The combined delay is shown in Table 5.
[bookmark: _Ref426213968]Table 5 Time to get UL grant
	
	Coupling loss (dB)

	
	144
	154
	164

	TULgrant (ms)
	38 + 1 + 9 = 48
	32 + 4 + 9 = 45
	0 + 40 + 9 = 49



Sending UL report
Once the MS receives the UL assignment, it sends the exception report on the scheduled UL resources. For the exception report, according to [2], 20 bytes application report, 65 bytes upper layer protocol header, and 15 bytes SNDCP/LLC/RLC/MAC/CRC overhead is assumed. Therefore, in total 100 bytes are assumed. Details concerning the assumed UL data rate are provided in the annex. Furthermore, a 3 ms delay is added to account for the base station processing delay. Table 6 summarizes the time to send the UL payload for different coupling loss values.
[bookmark: _Ref426403016][bookmark: _Ref426403005]Table 6 Time to send exception report
	
	Coupling loss (dB)

	
	144
	154
	164

	TULdata(ms)
	36 + 3 = 39
	550 + 3 = 553
	1920 + 3 = 1923



Time to receive acknowledgement
If the transmission is received in error or lost, the network will schedule the terminal to do a re-transmission. A re-transmission is requested by sending an uplink assignment in the next available EPDCCH with the NDI (“new data indicator”) flag not toggled. The same EPDCCH size is used as for the initial UL assignment. Therefore, it takes the same amount of time to send the UL grant as to send the acknowledgement. The EPDCCH waiting time is calculated in the same way as for the UL grant and depends on the time required for the preceding steps. In addition a 9 ms delay is added after the end of EPDCCH transmission and the start of the PUSCH transmission. The combined delay is shown in Table 1. Note unlike in LTE there are no non-adaptive re-transmissions.
Table 7 Time to receive acknowledgement
	
	Coupling loss (dB)

	
	144
	154
	164

	TAck(ms)
	31 + 1 + 9 = 41
	34 + 4 + 9 = 47
	28 + 40 + 9 = 77



Total time to send exception report
The time required to successfully deliver an exception report with 90% confidence is given in Table 8 as the initial message BLER for UL report is less than 10%. 
[bookmark: _Ref426216752]Table 8 Exception report delivery time with 90% confidence
	      Coupling loss (dB)Activity

	144
	154
	164

	Tsync(ms)
	840
	840
	1460

	TMIB(ms)
	151
	151
	631

	TPRACH(ms)
	244
	492
	1212

	TRAmsg2-4 (ms)
	622
	708
	1060

	TULgrant(ms)
	48
	45
	49

	TULdata(ms)
	39
	553
	1923

	Total time (ms)
	1981
	1978
	6404



In case the exception report needs to be re-transmitted, i.e., a negative acknowledgment is received, the network sends an UL grant for the terminal to re-transmit the exception report. This corresponds to the 99% confidence of the successful delivery of the exception report, as less than 10% BLER is assumed for each transmission. Table 9 summarizes the transmission time.
[bookmark: _Ref426404286]Table 9 Exception report delivery time with 99% confidence
	      Coupling loss (dB)Activity

	144
	154
	164

	Tsync(ms)
	840
	840
	1460

	TMIB(ms)
	151
	151
	631

	TPRACH(ms)
	244
	492
	1212

	TRAmsg2-4 (ms)
	622
	708
	1060

	TULgrant(ms)
	48
	45
	49

	TULdata(ms)
	39
	553
	1923

	TAck(ms)
	41
	47
	77

	TULdata(ms)
	39
	553
	1923

	Total time (ms)
	2012
	3389
	8335



Conclusions
This contribution presents the latency evaluation of delivering the exception report in NB-LTE. It can be seen that NB-LTE can deliver the exception report to the network within 10 seconds.   
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Annex
This annex provides performance results for PDSCH and PUSCH for various TB sizes. Note that in the latency evaluation, the EPDCCH transmission times for an 8-byte TB are based on the corresponding PUSCH results.
Table 10 provides performance results for PDSCH with 8, 10, and 80 byte TB.
Table 11 provides performance results for PUSCH with 3, 11, and 65 byte TB. Results for 100 and 220 byte TB can be found in [5]. Note that the transmission time column contains two values depending on if the uplink resources occupied by RACH are considered or not. For uplink transmission using a single subcarrier, it is assumed that one of the outer subcarriers is assigned for the uplink transmission.  In this way, single subcarrier transmissions are not affected by the presence of RACH.
[bookmark: _Ref429120647][bookmark: _Ref429120642]Table 10 PDSCH performance at 10% BLER (10, 64, 80 byte TB)
	Info Bits (in bytes)
	Info bits (in bits)
	MCL
	Coded Bits
	Modulation
	Repetitions
	No of Subcarriers
	Transmission time 
	10 % BLER SNR
	Required SNR

	8
	64
	144
	264
	QPSK
	1
	12
	1 ms
	10.5 dB
	15.4 dB

	8
	64
	154
	264
	QPSK
	4
	12
	4 ms
	4.5 dB
	5.4 dB

	8
	64
	164
	264
	QPSK
	40
	12
	40 ms
	-5.5 dB
	-4.6 dB

	10
	80
	144
	264
	QPSK
	1
	12
	1 ms
	11 dB
	15.4 dB

	10
	80
	154
	264
	QPSK
	4
	12
	4 ms
	5 dB
	5.4 dB

	10
	80
	164
	264
	QPSK
	40
	12
	40 ms
	-5.5 dB
	-4.6 dB

	80
	640
	144
	1584
	QPSK
	1
	12
	6 ms
	11.5 dB
	15.4 dB

	80
	640
	154
	1848
	QPSK
	4
	12
	28 ms
	4.5 dB
	5.4 dB

	80
	640
	164
	1848
	QPSK
	24
	12
	168 ms
	-4.6 dB
	-4.6 dB


[bookmark: _Ref429120918]
Table 11 PUSCH performance at 10% BLER (3, 11, 65 byte TB)
	Info Bits (in bytes)
	Info bits (in bits)
	MCL
	Coded Bits
	Modulation
	Repetitions
	No of Subcarriers
	Transmission time
(w/ and w/o RACH)
	10 % BLER SNR
	Required SNR

	3
	24
	144
	48
	QPSK
	1
	2
	6/18 ms
	6 dB
	13 dB

	3
	24
	154
	96
	QPSK
	1
	2
	12/24 ms
	2.5 dB
	3 dB

	3
	24
	164
	408
	BPSK
	1
	1
	204/204 ms
	-6 dB
	-4 dB

	11
	88
	144
	192
	QPSK
	1
	4
	12/24 ms
	5 dB
	10 dB

	11
	88
	154
	288
	QPSK
	1
	2
	36/84 ms
	2.5 dB
	3 dB

	11
	88
	164
	600
	BPSK
	1
	1
	300/300 ms
	-5 dB
	-4 dB

	65
	528
	144
	3072
	QPSK
	1
	32
	24/36 ms
	1 dB
	1 dB

	65
	528
	154
	1728
	QPSK
	1
	2
	216/336 ms
	0.6 dB
	3 dB

	65
	528
	164
	2592
	BPSK
	1
	1
	1296/1296 ms
	-5.6 dB
	-4 dB
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