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NB M2M - Exception Report Latency (update of GP-150109)
1 Background
At GERAN#62, a new SI was agreed to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things [1]. A radio access technology referred to as NB M2M has been introduced as a candidate solution [2]. 
In this contribution, the exception report latency is analysed for the NB M2M solution, based on the agreed methodology in [3]. Results are presented for 0 dB, 10 dB and 20 dB coverage extension compared with legacy GPRS.
This contribution is an update of [8] with the major changes shown in red.
2 Evaluation
2.1 Common Assumptions
The common assumptions used in the evaluation are as follows:
· Packet size for the exception report:
The uplink exception report above SNDCP is 85 bytes (20 bytes for the application payload and 65 bytes for the higher layer headers assuming no IP header compression).

The uplink burst also includes a 15 byte overhead in addition to the packet size above SNDCP (4 bytes for SNDCP, 6 bytes for LLC, 2 bytes for MAC headers and 3 bytes for CRC), and the first uplink burst after RACH uses an additional 5 bytes for TLLI (including additional MAC headers).

Therefore, the total uplink burst size for latency evaluation is 105 bytes at the physical layer. 
· The formula for calculating the data transmission latency is as follows
Latency for DATA transmission = (1) T Synchronization+ (2) T Transmission + (3) T Receiving + (4) T Wait
· TSynchronization: The time for UE to synchronize to the network. This value depends on the coverage condition. 
· TTransmission: The transmitting time for any signalling and data.
· TReceiving: The receiving time for any signalling and data. It should be highlighted that scheduling information that must be received by a UE but which is not included in obvious signalling, such as USF, should be taken into account. 
· TWait: The time between any transmission and reception, and also the time between two consecutive transmissions or receptions. The waiting time depends on the scheduling mechanisms for a specific solution. 
2.2 Protocol Flow 

The protocol flow for NB M2M exception reporting without retransmissions is shown in Figure 1. 
The UE synchronizes with the base station and receives SI1. The UE transmits a Random Access Request in a RACH resource allocated by the System Information. The UE then receives a DCI which defines the downlink allocation for the Random Access Response and an uplink allocation for the exception report. The UE receives the Random Access Response and transmits it exception report in the UL allocation. Although not part of the latency calculation, also shown is the base station transferring the exception report to the core network and providing the UE with an acknowledgement.
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Figure 1 Exception report signalling without retransmission
The delays “Twait_n” between different messages in the protocol flow are defined as follows:

· Twait_0 is the typical time between synchronization being achieved and the start of SI1 reading. 
· Twait_1 is the typical time between the finish of SI1 reading and the start of the RACH transmission, taking into account UE transition time between RX and TX as NB M2M assumes half duplex UE operation.
· Twait_2 is the typical time between the end of the RACH transmission and the start of the DCI that addresses the UE to allocate resource for the Random Access Response (RAR) and the exception report. It must be at least the minimum UE transition time between TX and RX.  In this analysis, it is assumed that the UE is addressed by the next DCI following the end of the RACH transmission.
· Twait_3 is the time between the end of the DCI and the start of the RAR message containing the C-RNTI allocation. There is no UE transition time between RX to RX and it is assumed the base station schedules the RAR message immediacy after the DCI, therefore Twait_3 is 0. 
· Twait_4 is the time between the end of the Random Access Response and the start of the exception report.  It must be at least the minimum UE transition time between RX and TX.
The protocol flow for an exception report with retransmission is shown in Figure 2. After the first transmission of the exception report, which the base station does not receive correctly, the UE receives a DCI with a NACK and also an uplink allocation for the retransmission. The UE then retransmits the exception report. Although not part of the latency calculation, also shown is the base station transferring the exception report to the core network and providing the UE with an acknowledgement. 
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Figure 2 Exception report signalling with retransmission
An exception report with retransmission adds the following wait times:
· Twait_5 is the time between the end of first uplink data transmission and the start of the DCI containing both the NACK and the uplink resource allocation for the retransmission of the exception report.
· Twait_6 is the time between the end of the DCI containing the NACK and the start of the retransmission of the exception report.
The duration of the DCI interval depends on the coverage condition and allows different coverage classes to use different DCI intervals in order to optimise UE latency, UE battery life, and network capacity. The assumed DCI intervals are 80 ms for normal coverage (144 dB coupling loss), 320 ms for extended coverage (154 dB coupling loss), and 1280 ms for extreme coverage (164 dB coupling loss).
The durations of the DCI, RACH, RAR and UL report depend on the MCS and CBS indexes that are selected for each burst type according to the coverage condition and the number of bits that need to be transmitted in each case [4]
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[5][11]. The selection of MCS and CBS index for each burst type for each coverage condition are shown in the Annex.
2.3 Retransmission Considerations
For the selected MCS and CBS for the uplink report, as shown in the Annex, the link level simulation result in [9] indicate that the BLER at 20 dB extended coverage condition is lower than 1%. So, in this case, no retransmissions need to be taken into account to provide 99% confidence of successful deliver of the exception report.
The link level simulation results in [9] also indicate that the BLER for normal coverage and 10 dB extended coverage condition are between 1% and 10%. So, in these cases, a single retransmission is required (for up to 10% of reports) to achieve a residual BLER of less than 1% and, therefore, a 99% confidence of successful deliver of the exception report. 
2.4 Latency Results
The latency breakdowns for coupling losses of 144 dB, 154 dB and 164 dB are shown in Table 1. The assumed DCI intervals for the three coupling losses are 80ms, 320ms and 1280ms, respectively. The selection of MCS and CBS values for each burst type, and the synchronisation time and SI1 reading time, are given in the Annex. 

For the 144 dB and 154 dB cases, the BLER from the initial transmission is between 1% and 10%, so the total latency is shown for both the initial transmission (corresponding to greater than 90% confidence of successful delivery) and for an additional retransmission (corresponding to greater than 99% confidence of successful delivery), as shown in Figure 2. For the 164 dB case, the BLER from the initial transmission is less than 1%, so the confidence of successful delivery is greater than 99% from a single transmission, as shown in Figure 1.
Table 1 Latency results for exception report
	Sub-procedure
	Latency (ms)

	
	144 dB coupling loss
	154 dB coupling loss
	164 dB coupling loss

	Synchronization
	160
	320
	720

	Twait_0
	110*
	140*
	220*

	SI1 reading
	400
	480
	960

	Twait_1
	40
	40
	200*

	Random Access Request
	40
	40
	320

	Twait_2
	80
	160*
	1040*

	DCI for RAR and UL Allocation
	30
	120
	480

	Twait_3
	0
	0
	0

	RAR
	20
	80
	320

	Twait_4
	70
	40
	160

	UL DATA
	60
	480
	2760

	Total latency (>90% successful delivery)
	1010
	1900
	-

	Twait_5
	60
	240
	-

	DCI for NAK and UL Allocation
	30
	120
	-

	Twait_6
	50
	40
	-

	UL DATA retransmission
	60
	480
	-

	Total latency (>99% successful delivery)
	1210
	2780
	7180


 * Typical value.

3 Conclusion
In this contribution, the exception report latency has been analysed for the NB M2M solution. Results are presented for 0 dB, 10 dB and 20 dB coverage extension compared with legacy GPRS. The results indicate that the 10 second latency target for exception reporting can be achieved even with 20 dB coverage extension, for 99% confidence in successful delivery of the report.
It is important to note that these latency values are achieved with a system design that has been intentionally constrained in two key respects:
1. The NB M2M solution has a frequency re-use assumption that is compatible with a stand-alone deployment in a minimum system bandwidth for the entire IoT network of just 200 kHz (FDD), plus guard bands if needed.
2. The NB M2M solution achieves 20 dB coverage extension using an UE transmit power of only +23 dBm (200 mW), resulting in a peak current requirement that is compatible with a wider range of battery technologies.    
4 References

[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, VODAFONE Group Plc., GERAN#62.
[2] Draft_3GPP TR 45 820 V0 3 0_including agreements up to GERAN#64_clean.
[3] FS_IoT_LC_Telco#8 “Evaluation of Latency for MAR Exception Report”, HuaWei Technologies Co., Ltd, HiSilicon Technologies Co. Ltd.
[4] GPC150022, ” NB M2M - Design of Modulation and Coding Schemes”, HuaWei Technologies Co., Ltd, HiSilicon Technologies Co. Ltd., 3GPP TSG GERAN1 Adhoc#1 on FS_IoT_LC.
[5] GP-150085, “NB M2M - Optimized Uplink Pilot Design and CBS Tables”, HuaWei Technologies Co., Ltd, HiSilicon Technologies Co. Ltd., 3GPP TSG GERAN#65.
[6] GPC-150033, “NB M2M - Evaluations of Cell Search”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd, Cellular IoT Ad-Hoc#1.
[7] GPC150137 “NB M2M - Battery Life Analysis”, Neul Ltd., GERAN Adhoc#2 on FS_IoT_LC.
[8] GP-150109, “NB M2M - Exception Report Latency”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd., GERAN#65.
[9] GPC150157, “NB M2M - Summary of Coverage Performance (update of GP-150089)”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd., GERAN Adhoc#2 on FS_IoT_LC.
[10] GPC-150138, “NB M2M - SI1 reading latency”, Neul Ltd., GERAN Adhoc#2 on FS_IoT_LC.
[11] GPC-150175, “NB M2M - Optimization of the DCI burst”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd., GERAN Adhoc#2 on FS_IoT_LC.
5 Annex
Table 2 shows the modulation and coding selection for each burst type used for exception reporting under each coverage condition, and Table 3 shows the corresponding MCS and CBS indexes [4]
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[5][11]. Class-B uplink modulation (GMSK) is assumed [2]. The corresponding total duration of each burst is also shown (including any repetitions). Further details may be found in [7].
Table 2 Modulation and coding selection for each burst type

	
	Coupling loss = 144 dB
	Coupling loss = 154 dB
	Coupling loss = 164 dB

	Burst type
	Mod
	SF x RF
(or bond)
	FEC 
rate
	Mod
	SF x RF
(or bond)
	FEC 
rate
	Mod
	SF x RF
(or bond)
	FEC 
rate

	DL DCI
	QPSK
	1x1
	3/4
	BPSK
	2x1
	1/2
	BPSK
	4x2
	1/2

	DL RAR
	BPSK
	1x1
	1/2
	BPSK
	4x1
	1/2
	BPSK
	4x4
	1/2

	UL random
access
	GMSK
	1x1
	1/3
	GMSK
	1x1
	1/3
	GMSK
	1x8
	1/3

	UL data
(105 bytes)
	GMSK
	x8 bond
	2/3
	GMSK
	1x1
	2/3
	GMSK
	1x3
	1/3


Table 3 Selection of MCS and CBS indexes for each burst type
	
	
	Coupling loss = 144 dB
	Coupling loss = 154 dB
	Coupling loss = 164 dB

	Burst type
	PHY burst 
size
	MCS
Index
	CBS
index
	Duration
(ms)
	MCS
index
	CBS
index
	Duration
(ms)
	MCS
index
	CBS
index
	Duration
(ms)

	DL DCI
	DCI
(34 to 48 bytes)
	7
	1
	30
	4
	4
	120
	2
	4
	480

	DL RAR
	RAR
(9 bytes)
	5
	1
	20
	3
	1
	80
	1
	1
	320

	UL random
access
	RACH
(5 bytes)
	5
	0
	40
	5
	0
	40
	1
	0
	320

	UL data
(105 bytes)
	Short report (85 + 15+5 = 105 bytes)
	9
	5
	60
	6
	11
	480
	3
	22
	2760


Table 4 shows the synchronization time breakdown under each coverage condition. The number of frames required for synchronization is based on two interferers and 90% confidence of timing accuracy to ±1/8 Tb and CFO accuracy to ±45 Hz [6] (neither of which are hard limits for subsequent decoding, so the 90% threshold is a conservative lower limit on successful reception of subsequent bursts). The latency for FIIS and SI1 [10] are average times. It is assumed that SI2 to SI4 are unchanged since the previous reception (as indicated by SI1) and so do not need to be received.
Table 4 Synchronization and SI1 reading time

	
	Latency (in 80ms frames)

	
	Coupling loss
= 144 dB
	Coupling loss
= 154 dB
	Coupling loss
= 164 dB

	PSS &SSS
	2
	4
	9

	FIIS &SI1
	5
	6
	12
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