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NB M2M- Exception Report Latency
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.
Evaluation
Common Assumptions
The common assumptions used in the evaluation are as follows:
· Packet size for the exception report:
95 bytes = 20 bytes (for application payload) + 65 bytes (higher layer headers assuming no IP header compression) + 4 bytes (for SNDCP) + 6 bytes (for LLC)
In NB M2M, the TLLI (4 bytes) is included in the first uplink packet following RACH when using the Gb interface. In addition, there are MAC overheads and a CRC. Therefore, the total size of the MAC PDU for the exception report, including the CRC, is: 
105 bytes = 95 bytes + 4 bytes (for TLLI) + 3 bytes (for MAC header) + 3 bytes (CRC) 
· 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. 
Signalling Flow 
For the NB M2M solution, the signalling flow for exception reporting is depicted in Figure 1.
Twait_1 is the time between synchronization being achieved and the start of the RACH transmission. It must be at least the minimum UE transition time between RX and TX since NB M2M assumes half duplex UE operation.
For exception reporting, the common RACH resource will be used for access. The location of the common RACH resource is broadcast in the System Information.
[bookmark: _GoBack]Twait_2 is the 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 uplink report. It must be at least the minimum UE transition time between TX and RX, and also no more than typically two DCI intervals otherwise it will be considered as an access failure. 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. Typically the RAR reception will be completed within the same DCI interval as the DCI that contains the RAR allocation. Consequently, Twait_3 equals the length of the DCI interval minus the sum of the lengths of the DCI and the RAR.
Twait_4 is the time between the end of the Random Access Response and the start of uplink report. It must be at least the minimum UE transition time between RX and TX.

 
Figure 1. Signalling Flow for Exception Report
In the NB M2M solution, the duration of the DCI interval depends on the coverage condition. This allows different coverage classes to use different DCI intervals in order to optimise UE latency, UE battery life, and network capacity. 
Similarly, 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][5]. The selections of MCS and CBS index for each burst type and for each coverage condition are shown in the Annex.
Latency Results
Normal Coverage (Coupling loss = 144 dB)
For the normal coverage condition, the typical length of the DCI interval is 160ms (2 frames). The selected MCS and CBS index for each burst to achieve this coverage is shown in the Annex. The synchronisation time breakdown is also shown in the Annex. The resulting latency for exception reporting is shown in Table 1.
Table 1. Latency for Exception Report in Normal Coverage
	Normal 
coverage
	 Number of 
repetitions
	Time per 
repetition (ms)
	Total time (ms)

	Synchronization
	-
	-
	400

	Twait_1
	-
	-
	40

	Channel Request
	1
	40
	40

	Twait_2
	-
	-
	80

	DCI for RAR and UL Allocation
	1
	80
	80

	Twait_3
	-
	-
	30

	RAR
	1
	20
	20

	Twait_4
	-
	-
	40

	UL DATA
	1
	240
	240

	Total latency
	970 ms


10 dB Extended Coverage (Coupling loss = 154 dB)
For the 10 dB extended coverage condition, the typical length of the DCI interval is 640ms (8 frames). The selected MCS and CBS index for each burst to achieve this coverage is shown in the Annex. The synchronisation time breakdown is also shown in the Annex. The resulting latency for exception reporting is shown in Table 2.
Table 2. Latency for Exception Report in 10 dB extended Coverage
	10 dB extended
coverage
	Number of 
repetitions
	Time per 
repetition (ms)
	Total time (ms)

	Synchronization
	-
	-
	640

	Twait_1
	-
	-
	40

	Channel Request
	3
	40
	120

	Twait_2
	-
	-
	320

	DCI for RAR and UL Allocation
	1
	320
	320

	Twait_3
	-
	-
	120

	RAR
	1
	80
	80

	Twait_4
	-
	-
	40

	UL DATA
	1
	920
	920

	Total latency
	2600 ms


20 dB Extended Coverage (Coupling loss = 164 dB)
For the 20 dB extended coverage condition, the typical length of the DCI interval is 2560ms (32 frames). The selected MCS and CBS index for each burst to achieve this coverage is shown in the Annex. The synchronisation time breakdown is also shown in the Annex. The resulting latency for exception reporting is shown in Table 3.
Table 3. Latency for Exception Report in 20 dB extended Coverage
	20 dB extended
coverage
	Number of 
repetitions
	Time per 
repetition (ms)
	Total time (ms)

	Synchronization
	-
	-
	1120

	Twait_1
	-
	-
	80

	Channel Request
	8
	40
	320

	Twait_2
	-
	-
	1280

	DCI for RAR and UL Allocation
	4
	320
	1280

	Twait_3
	-
	-
	480

	RAR
	4
	80
	320

	Twait_4
	-
	-
	40

	UL DATA
	3
	920
	2760

	Total latency
	7680ms


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.
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Annex
Table 4 shows the selected MCS and CBS index [4][5] for each burst type used for exception reporting under each coverage condition. 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 4. 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
	UE scheduled (48 bytes)
	5
	7
	80
	3
	7
	320
	1
	7
	1280

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

	UL random
access
	RACH
(5 bytes)
	5
	0
	40
	3
	0
	120
	1
	0
	320

	UL data
(105 bytes)
	Short report
(95+10 = 
105 bytes)
	7
	11
	120
	5
	22
	920
	3
	22
	2760


Table 5 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). 
System information reading is not included, in accordance with [2].
Table 5. Synchronization time breakdown
	
	Latency (in 80ms frames)

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

	PSS
	2
	4
	9

	SSS
	1
	1
	1

	FIIS
	2
	3
	4

	Total frames
	5
	8
	14

	Total latency
	400 ms
	640 ms
	1120 ms
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