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Pseudo CR 45.820 – Narrowband LTE Exception Report Latency Evaluation
[bookmark: _Ref177802497]1	Introduction
1.1	Background Information
A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62.
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.
1.2	Reason for change
In GERAN#67, a new system design, i.e., NB LTE, based on the current LTE system but using only 200 kHz bandwidth is proposed in GP-150779. This document contains the exception report latency evaluation of NB LTE.
1.3	Summary of change
The exception report latency evaluation of NB LTE.
pCR to 3GPP TR 45.820-v1.4.0
7.4.6 Concept evaluation
7.4.6.1 Coverage evaluation
Omitted
[bookmark: _GoBack]7.4.6.2 Latency evaluation
7.4.6.2.1 Analytical latency evaluation for MAR exception reports
7.4.6.2.1.1 Procedures of exception report
In Figure 7.4.6.2-1, the different steps of delivering an exception report are depicted. The time used in each step varies, depending on the coverage class an MS belongs to.  Note that a Gb based architecture is assumed for the latency evaluation, since that is what has been agreed to be assumed in this GERAN study item.

[image: ]
Figure 7.4.6.2-1 Illustration of each step in delivering exceptional report

7.4.6.2.1.2 Synchronization time
The time used for a device to synchronize to is summarized in Table 7.4.6.2-1. The 90% confidence value is used in the latency evaluation. 

[bookmark: _Ref426210741]Table 7.4.6.2-1 Time to synchronize to the network
	
	Coupling loss [dB]

	
	144
	154
	164

	Tsync(ms)
	495
	540
	1005



7.4.6.2.1.3 Time to obtain primary system information
For MIB reception time it is assumed that 1/1/2 code blocks are needed for reception at 144/154/164 dB coupling loss. Each code block is transmitted in the first M-subframe of each 60 ms M-frame. In the worst case, assuming an MS get synchronized to the network in the beginning of an M-frame, it needs to wait for 54 ms (9 M-subframes) to begin to read the first MIB. The time used to obtain MIB is given in Table 7.4.6.2-2 for different coupling loss values. 
Table 7.4.6.2-2 Time to obtain Master Information Block
	
	Coupling loss [dB]

	
	144
	154
	164

	TMIB(ms)
	54 + 6 = 60
	54 + 6 = 60
	54 + 60 + 6 = 120


7.4.6.2.1.4 Time to send PRACH
The time used to send PRACH varies according to the coverage class an MS belongs to. In order to simplify the calculation, it is assumed that the MS sends PRACH in the next available PRACH slot.  The time used to send PRACH is summarized in Table 7.4.6.2-3, which takes into account 30 ms waiting time after reading the MIB to the next available PRACH slot.  This assumes that a PRACH slot occurs in the middle of each frame. Shorter waiting time can be expected with other PARCH configurations. 
[bookmark: _Ref426213074]Table 7.4.6.2-3 Time to send PRACH
	
	Coupling loss [dB]

	
	144
	154
	164

	TPRACH(ms)
	30 + 4 = 34
	30 + 12 + 48 + 12= 102
	30 + (12 + 48)x5 + 12 = 342



[bookmark: _Ref426402466]7.4.6.2.1.5 Time to get UL assignment
In NB-LTE, the same random access procedure as LTE is followed. The MS initiates the procedure by sending its RA preamble (Msg1). Upon successful reception the eNB replies with a random access response (RAR, Msg2) carried on the PDSCH. The RAR comprises an UL grant which the MS uses to perform the subsequent UL transmission on PUSCH (Msg3). If the UL grant provided in the RAR is sufficient to accommodate the data available in the MS’ UL buffer (here an exception report) the procedure ends upon successful reception of the message. If, on the other hand, the UL resource assignment is not enough to accommodate the exception report, the MS will include a buffer status report in the Msg3 based on which the eNB knows how much buffer is left in the Ms’ queue. Based on this BSR the eNB will issue one or more subsequent grants. 
Upon receiving a RA preamble the eNB will aim to send a RAR. In the undesirable and unlikely case that the eNB had just scheduled all downlink resources to an MS’ M-PDSCH it may not have resources to transmit M-PDCCH. In accordance with the repetition levels chosen in M-PDSCH, we assume a repetition level of at most 36 M-subframes, i.e., 216 ms and add this time to our latency evaluation. This is the worst case assumption, as preferably, the eNB should avoid such situations by reserving some resources for M-PDCCH. 
Once started, the transmission of the M-(E)PDCCH takes between one M-subframe and several M-subframes depending on the coverage class that an MS belongs to. Due to a forward scheduling mechanism an uplink grant received on PDCCH in M-subframe n becomes valid in M-subframe n+1. In Table 7.4.6.2-4, the time to receive UL assignment is summarized for different MS coverage classes. 



[bookmark: _Ref426213968]Table 7.4.6.2-4 Time to get UL assignment
	
	Coupling loss [dB]

	
	144
	154
	164

	TULAssigment(ms)
	216 + 6= 222
	216 + 12= 228
	216 + 96 = 312



7.4.6.2.1.6 Sending UL report
Once the MS receives the UL assignment, it sends the exception report on the scheduled UL resources. For exceptional report, 20 bytes application report, 65 bytes upper layer protocol header, 15 bytes SNDCP/LLC/MAC/CRC overhead is assumed. Therefore, in total 100 bytes are assumed. As there are two cases as outlined in above, two UL transmission time is assumed. In the first case, all 100 bytes are sent all at once, in the second case, some payload bytes are sent first and the rest are sent later. Table 7.4.6.2-5 summarizes the time to send the UL payload in different coupling loss values. In addition to the UL report sending time, one M-subframe response time at the MS is assumed. 
[bookmark: _Ref426403005]Table 7.4.6.2-5 Time to send exception report
	
	Coupling loss [dB]

	
	144
	154
	164

	TULdata(ms)
	24 + 6 = 30
	384 + 6 = 390
	1920 + 6 = 1926



7.4.6.2.1.7 Time to receive acknowledgement
In NB LTE, an implicit ACK is assumed, i.e., if the MS does not get NACK from the network, it assumes a successful transmission. If the transmission is errors or lost, they network will schedule the MS to do a re-transmission. In the case of NACK, the network sends an acknowledgement to the MS on the next available M-PDCCH assuming the MS remains in the same coverage class as sending the UL assignment. The same M-PDCCH size is used the initial UL assignment. Therefore, it takes the same amount of time as sending UL assignment as to send the acknowledgement.  
7.4.6.2.1. 8 Total time to send exception report
The time required to successfully deliver an exception report with 90% confidence is given in Table 7.4.6.2-6 and Table 7.4.6.2-7 as the initial message BLER for UL report is less than 10%. Two cases, as outlined in above, are presented. 
[bookmark: _Ref426216752]Table 7.4.6.2-6  Exception report delivery time with 90% confidence, case 1
	      Coupling loss (dB)Activity

	144
	154
	164

	Tsync(ms)
	495
	540
	1005

	TMIB(ms)
	60
	60
	120

	TPRACH(ms)
	34
	102
	342

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	Total time (ms)
	841
	1320
	3705






[bookmark: _Ref426403956]Table 7.4.6.2-7 Exception report delivery time with 90% confidence, case 2
	      Coupling loss (dB)Activity

	144
	154
	164

	Tsync(ms)
	495
	540
	1005

	TMIB(ms)
	60
	60
	120

	TPRACH(ms)
	34
	102
	342

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	Total time (ms)
	1093
	1938
	5943



In the case of the exceptional report needs to be re-transmitted, i.e., a negative acknowledgment is received, then the network needs to send UL assignment for the MS to re-transmit the exceptional report. This corresponds to the 99% confidence of the successful delivery of the exceptional report, as a less than 10% BLER is assumed for each transmission. Table 7.4.6.2-8 and Table-9 summarize the transmission time of the two cases. Note, for case 2, only the one re-transmission is needed, as if the UL in the first transmission is wrong, the entire message can be re-transmitted in the second UL transmission.  
[bookmark: _Ref426404286]Table 7.4.6.2-8 Exception report delivery time with 99% confidence, case 1
	      Coupling loss (dB)Activity

	144
	154
	164

	Tsync(ms)
	495
	540
	1005

	TMIB(ms)
	60
	60
	120

	TPRACH(ms)
	34
	102
	342

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	Total time (ms)
	1093
	1938
	5943



[bookmark: _Ref426404290]Table 7.4.6.2-9 Exception report delivery time with 99% confidence, case 2
	      Coupling loss (dB)Activity

	144
	154
	164

	Tsync(ms)
	495
	540
	1005

	TMIB(ms)
	60
	60
	120

	TPRACH(ms)
	34
	102
	342

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	TULAssigment(ms)
	222
	228
	312

	TULdata(ms)
	30
	390
	1926

	Total time (ms)
	1345
	2556
	8181



7.4.6.2.1. 9 Conclusions
This contribution presents latency evaluation of delivering the exceptional report of the NB-LTE system. It can be seen that the NB-LTE can deliver the exception report to the network within 10 seconds.   
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