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1 Introduction
RAN#65 has approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1].
RAN1#78bis made the following working assumptions:

· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.
· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption.

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain.

RAN1#78bis also made the following observation:

· For improved understanding of the system impact of different assumptions on the maximum TBS used for SIB transmission in normal and enhanced coverage, PDSCH link simulations for e.g. TBS 328, 504, 1000, and 2216 bits would be useful.
2 Link simulations

Simulations have been carried out in order to estimate how many repetitions of system information messages would be required for satisfactory performance. The parameter settings are summarized in Table 1 below. 

Table 1: Parameters used in SIB link simulations

	Parameter
	Value in SIB simulations

	Number of subframes
	60000

	System bandwidth
	10 MHz 

	UE receiver bandwidth
	6 RB

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1 (low correlation)

	Channel model
	EPA, ETU

	Doppler spread
	1 Hz 

	Transport block size
	{152, 328, 504, 1000} bits

	Number of  PRBs
	6 (fixed, arbitrary allocation)

	Number of transmissions
	{5, 10, 20, 40, 80, 160, 320}

	SIB repetition interval
	20 ms

	PDCCH region
	3 OFDM symbols

	Frequency error
	100 Hz initial (but smaller after AFC)

	HARQ retransmissions
	OFF

	Channel estimation
	Ideal and practical


The practical channel estimation algorithm is realized with an IIR filter with a time constant corresponding to ~6 subframes. The simulation results are presented in the form of BLER curves at the end of the contribution, but they are also summarized in tables below. 

Table 2 shows the approximate number of repetitions required to fulfil 1% and 10 % BLER, respectively. The operating point corresponds to the minimum required SNR in normal mode, taken from TR 36.888. As seen from the table, single antenna receivers such as Rel-13 low complexity UEs require multiple repetitions of the SIB messages also for the smallest SIB message sizes. The EPA channel profile provides less frequency diversity than ETU, thus more repetitions are needed. 

Table 2
: Approximate number of required SIB repetitions to achieve desired BLER target at nominal coverage (SNR = -4 dB)

	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	7
	16
	2
	7
	2
	10
	1
	2

	328
	10
	25
	6
	10
	3
	15
	2
	5

	504
	15
	30
	8
	12
	5
	18
	3
	7

	1000
	20
	40
	15
	20
	10
	25
	8
	12


Table 3 shows the approximate number of repetitions when the operating point is selected at the desired MCL target for devices in coverage enhancement mode. According to the FDD link budget in TR 36.888, this is 10.3 dB below the MCL at nominal coverage for PDSCH, thus the corresponding operating point is at an SNR level of -4-10.3 = -14.3 dB. As seen from the table, approximately 80-100 repetitions would be required to fulfill 1% performance target already for the smallest studied SIB message size. This will be somewhat reduced if the target is instead 10% BLER, but for the largest message sizes, over 100 repetitions would still be required. For the entries missing in the table, the number of repetitions needed is difficult to estimate with reasonable accuracy based on the available simulation results. For example, for 1000 bits and 1 RX antenna, the figures in the annex indicate that the number of required repetitions exceeds 160 but not 320. Updated estimates will be provided when available.

Table 3: Approximate number of required SIB repetitions to achieve desired BLER target at MCL = 155.7 dB, corresponding to 15 dB coverage enhancement target (SNR = -14.3 dB)

	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	60
	100
	40
	80
	30
	50
	25
	40

	328
	100
	150
	60
	100
	40
	75
	35
	60

	504
	120
	x
	100
	x
	50
	x
	50
	x

	1000
	160
	x
	120
	x
	80
	x
	x
	x


Observation:
· The simulation results shown in this contribution provide a strong motivation to reduce the amount of system information conveyed to devices operating in coverage enhancement mode. 
3 General discussion
The bandwidth reduced and/or enhanced coverage UE needs to read at least some system information in order to access the system. There are some reasons why it seems infeasible or very challenging to require this UE to read the legacy SIB transmissions:

· Bandwidth reduced UE cannot monitor the PDCCH common search space.

· Transmitting the larger ones of the SIBs within 6 PRBs with sufficient coverage requires very many repetitions even without the 15-dB coverage enhancement [2]

 REF _Ref387148540 \r \h 
[3].

· The transport block size used for legacy SIBs can be up to 2216 bits, whereas the Rel-13 low complexity UE may only be able to manage a smaller TBS (RAN1#78bis working assumption is “no more than approximately 1000 bits”).

Re-using the existing SIB transmissions will also have a negative impact on legacy UEs. For example, the restriction on the number of PRBs and transport block size may imply an increased acquisition time and some SIBs may need to be reduced in size.

Furthermore, if a new physical layer transmission format for SIBs is introduced, there are several reasons why the legacy SIB messages (as defined in TS 36.331) should probably not be mapped directly to the new physical layer transmission format:

· The Rel-13 low complexity UE may only be able to manage substantially less than 2216 bits transport block size (RAN1#78bis working assumption is “no more than approximately 1000 bits”), which may create a potential need for segmentation of large legacy SIB messages, e.g. SIB 5.
· Some legacy SIB contents will not be applicable (e.g. the legacy SI scheduling info in legacy SIB 1).

· There will be some new SIB contents which may not need to be transmitted in the legacy SIBs (e.g. PRACH repetition level related info and potential new SIB scheduling info).

These and other reasons leads to the conclusion that the bandwidth reduced and/or coverage enhanced UE should not be required to read the legacy SIB transmissions, and that some SIB message redesign will be needed.

Observations:
· It seems infeasible or very challenging to require a bandwidth reduced and/or enhanced coverage UE to read the legacy SIB transmissions, which means that a new SIB transmission format will be needed.
· The legacy SIB messages cannot easily be mapped directly to a potential new SIB transmission format but will need some redesign.
Our conclusion is that a new SIB transmission format should be based the same EPDCCH/PDSCH structure as other downlink transmissions.
A bandwidth reduced UE needs to know both the time and the frequency location of the up to 6 EPDCCH PRBs that it is supposed to monitor for the SIB message(s). It may be tempting to choose the center 6 PRBs as the SIB frequency location but a frequency hopping solution can also be considered in order to mitigate the performance impacts of the lack of frequency and space diversity (only 6 PRBs and only 1 receive antenna). The UE also needs to know the SIB repetition level (or, more precisely, the repetition factors for the EPDCCH and the PDSCH that convey the SIB message).
Observations:
· A new SIB scheduling solution is needed, including some means to inform the UE that the system information has been modified.

· Frequency hopping may provide valuable diversity gains for any transmission including SIB.

· The SIB repetition level may be different for different SIBs but at least the SIB(s) containing the information needed to perform initial access need to be receivable in the whole enhanced coverage cell.

SIB 1, SIB 2 and, possibly, SIB 14 contain the system information required to perform an initial access, but they also contain many information elements that may not be that relevant for a coverage enhanced UE, such as SIB scheduling for other SIBs and radio resource control for channels and modes that cannot be used. An option would be to create a new SIB containing only the needed information; our initial estimates indicate that 100-200 bits may be required, maybe less [4]
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[5]. The periodicity of such a new SIB could potentially be much larger than 20 ms. The required system information for bandwidth reduced and/or coverage enhanced UEs as well as the acceptable system information acquisition time would ultimately need to be decided by RAN2.
Observation:

· The required system information for bandwidth reduced and/or coverage enhanced UEs as well as the acceptable system information acquisition time need to be judged by RAN2.

System information that is not required for initial access could potentially be unicasted to the UE instead of broadcasted, but this would require the UE to enter RRC connected mode to retrieve the SIB information. The feasibility of such approaches would also need to be judged by RAN2.
4 Conclusions
Observations:
1. The simulation results shown in this contribution provide a strong motivation to reduce the amount of system information conveyed to devices operating in coverage enhancement mode. 
2. It seems infeasible or very challenging to require a bandwidth reduced and/or enhanced coverage UE to read the legacy SIB transmissions, which means that a new SIB transmission format will be needed.

3. The legacy SIB messages cannot easily be mapped directly to a potential new SIB transmission format but will need some redesign.

4. A new SIB scheduling solution is needed, including some means to inform the UE that the system information has been modified.

5. Frequency hopping may provide valuable diversity gains for any transmission including SIB.

6. The SIB repetition level may be different for different SIBs but at least the SIB(s) containing the information needed to perform initial access need to be receivable in the whole enhanced coverage cell.

7. The required system information for bandwidth reduced and/or coverage enhanced UEs as well as the acceptable system information acquisition time need to be judged by RAN2.
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Annex
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