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1 Introduction

There is a trade-off between spectral efficiency and system acquisition time (i.e. acquisition of MIB+SIB). Given this trade-off, it is very difficult to determine fundamental questions such as “How much repetition is required for PBCH?” without some guidance on a range for system acquisition time.

This tdoc:

· Discusses the need for the system to support a range of MIB+SIB acquisition times

· Calculates the approximate time required for a UE to power up, send a 1000 bit message, and receive an ack, less the MIB+SIB acquisition time.  
· Calculates the relative affect that MIB+SIB acquisition time has on the total message transfer time and UE power consumption.
· Proposes a range for the MIB+SIB acquisition time which results in balanced increase to the total message transfer time and UE power consumption. 
2 Use Case used for discussion and evaluation
The use case chosen for this discussion and evaluation comes from TR 36.888 section A.1 Traffic reporting [1] where the UE powers up, acquires the system, sends a 1000 bit message, and receives an ack.  The UE is in coverage conditions which require the maximum 15 dB improvement in coverage.
3 MIB+SIB Acquisition Time Discussion

The MIB+SIB acquisition time affects service requirements such as the amount of power used by the UE, the time it takes to send a message (from the off state), and indirectly the cost of the service (i.e. system overhead). These service requirements will depend on commercial use cases and market conditions. Given that the commercial uses for MTC and market conditions are so broad and difficult to predict, the system should be designed to be flexible to support a range of these service requirements. Thus a range of MIB+SIB acquisition times should be supported so the MNO can choose to deploy or change a deployment’s configuration depending on market conditions and MTC business needs. 
Proposal 1:  The system should be designed with flexibility to allow the MNO configurability to support a range of MIB+SIB acquisition times. 
Since it doesn’t make sense to have the MIB+SIB acquisition time be e.g. 1ms and use lots of system resources when the rest of the processes used to send the message (e.g. random access process, RRC connection, etc) take several seconds. Thus, it is good design practice to keep the MIB+SIB acquisition time balanced in the same range as the time it takes to complete the other processes to send a message thus a relative measure (e.g. per cent) of the affect MIB+SIB have on the service requirements is useful.  Given this, the next section calculates the relative affect that MIB+SIB acquisition time has on the service requires for time to send a message and UE power consumption. Unfortunately, the system overhead could not be calculated, as this depends on many details of the solutions (i.e. the amount of repetition) which are not yet finalized by RAN.  
4 Time Calculation

Although there is a very direct trade-off between spectral efficiency and MIB+SIB system acquisition time, many of the other steps required to send a message do not have this trade-off but rather are dependent only on the additional energy in the form of repetitions that are required. This is the case for most of the unicast type messages sent on the PDCCH/PDSCH. Given this and using the required repetition level to support 15 dB improvement in coverage, estimates on the times required to send UL and DL messages can be made. 

As mentioned, the use case that was used for the time and power calculation is where the UE powers up, sends a 1000 bit message, and an ack is received.  The sizes of the control messages were taken from the RAN2 study SDDTE from TR 37.869 Table 6.3.1.1-1 [2]. The values and sources for the other constants used are shown in Table 1 in the appendix.  The individual processes, signalling messages, and data messages are shown in table 2 in the appendix. From table 2, the following observation can be made:
Observation 1:  Excluding the MIB+SIB acquisition time, it will take ~10 seconds for a UE requiring 15 dB of coverage improvement to power up, acquire the system, send a 1000 bit message, and receive a 400 bit ack.
Using the values in table 2, it is then possible to calculate the affect MIB+SIB acquisition time has on total time and total power used. The % time used for MIB+SIB acquisition and the % power used for MIB+SIB acquisition is graphed below for various MIB+SIB acquisition times:
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Figure 1: MIB+SIB Acquistion time vs % Time and % Power used by MIB+SIB Acquistion
From the above graph, it can be seen 
· At MIB+SIB acquisition time =10 seconds, 50% of the time and 23% of the power is used for MIB+SIB acquisition. 

· At MIB+SIB acquisition time =2 seconds, 15% of the time and 5% of the power is used for MIB+SIB acquisition.

Observation 2 : A MIB+SIB acquisition time range of 2-10secs, results in 
· the % of time use for MIB+SIB acquisition from 15%-50%, and 

· the % of power used for MIB+SIB acquisition from 5%-23% 

These are practical balanced ranges for % power used and % time used for MIB+SIB acquisition for the use case under consideration thus the following proposal is made: 

Proposal 2: The system should target to support MIB+SIB acquisition times in the approximate range of 2 - 10 seconds if acceptable system complexity, system overhead, and standard changes result.
5 Conclusions and Observations
Proposal 1:  The system should be designed with flexibility to allow the MNO configurability to support a range of MIB+SIB acquisition times. 

Observation 1:  Excluding the MIB+SIB acquisition time, it will take ~10 seconds for a UE requiring 15 dB of coverage improvement to power up, acquire the system, send a 1000 bit message, and receive a 400 bit ack.
Observation 2 : A MIB+SIB acquisition time range of 2-10secs, results in 

· the % of time use for MIB+SIB acquisition from 15%-50%, and 

· the % of power used for MIB+SIB acquisition from 5%-23% 

Proposal 2: The system should target to support MIB+SIB acquisition times in the approximate range of 2 - 10 seconds if acceptable system complexity, system overhead, and standard changes result.
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Appendix – Details of Time Calculation

The following table lists the constants used in the time calculation and their values, sources, and assumptions:

	Constants
	Value 
	Notes

	PSS/SSS Acquisition Time (ms)
	840
	From Intel [3] R1-132929 

	PRACH Repetition
	120
	From Ericsson [4] R1-133423

	PRACH Time (ms)
	120
	Assumes one PRACH repetition per TTI

	PDCCH Required Repetitions
	80
	From LGE [5] R1-134395, assumes no additional CCE aggregation

	DCI Grant Time (ms)
	80
	Assume one PDCCH repetition per TTI

	PUSCH Data Rate (bits/sec)
	250
	From NSN  [6] R1-134515

	PDSCH Rata Rate (bits/sec)
	1900
	Based on 80 repetitions, 6 PRBS, and MCS Index=0

	Max TX Power / RX Power Ratio
	4
	Based on internal measurements


Table 1 – Time Calculation Constants
The following table shows the time calculation for each message and process:

	Process/Message
	DL Data 
(Bytes)
	UL Data
(Bytes)
	Time 
(ms)
	Power Units Used

	PSS/SSS Time
	0
	
	840
	0.8

	MIB+SIB Time
	0
	
	0
	0.0

	System Acquisition Subtotal
	
	
	840
	0.8

	PRACH
	
	0
	80
	0.3

	Random Access Response
	7
	
	109
	0.1

	RRC Connection Request
	
	7
	304
	1.2

	RRC Connection Setup
	38
	
	240
	0.2

	RRC Connection Setup Complete
	
	16
	592
	2.4

	RRC Connection Reconfiguration (SRB2 & DRB config)
	58
	
	324
	0.3

	RRC Connection Reconfiguration (DRB configuration)
	50
	
	291
	0.3

	RRC Connection Reconfiguration Complete
	
	10
	400
	1.6

	RRC Connection Release 
	10
	
	122
	0.1

	RRC Connection Reestablishment Request
	
	7
	304
	1.2

	RRC Connection Reestablishment
	38
	
	240
	0.2

	RRC Connection Reestablishment Complete
	
	10
	400
	1.6

	BSR 
	
	2
	144
	0.6

	RLC Status Report 
	3
	
	93
	0.1

	RLC Status Report 
	
	3
	176
	0.7

	NAS Service Request
	
	4
	208
	0.8

	Security Mode Command 
	11
	
	126
	0.1

	Security Mode Complete
	
	10
	400
	1.6

	DL Information Transfer
	11
	
	126
	0.1

	UL Information Transfer
	
	11
	432
	1.7

	DRB Configuration
	12
	
	131
	0.1

	Signaling Subtotal
	
	
	5242
	15.6

	UL Data
	
	125
	4080
	16.3

	DL Ack
	50
	
	291
	0.3

	User Plane Subtotal
	
	
	4371
	16.6

	Totals
	
	
	10453
	33


Table 2 – List of messages and processes with the associated size, time, and power units used.
Note: The above calculated time does not include the following terms:

· message processing time for UE, eNB, and core network elements,
· HARQ delay (this will depend on TTI bundle sizes), and
· delay for block errors

But these unaccounted times should be quite small compared to the 10 second total so the total time should be view as an optimistic estimate.
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