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1 Introduction
The objective of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify a new low complexity UE type supporting the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz (6 PRBs) for data channel in baseband

RAN1#76 agreed that the 1000-bit TBS restriction should only be valid for unicast transmissions, while the maximum TBS for transmissions referenced by SI-RNTI, P-RNTI or RA-RNTI remains 2216 bits.

2 Discussion
In this contribution we present link simulation results for SIB (system information block) and RAR (random access response) transmissions with reduced PDSCH bandwidth. The simulation parameter settings for both sets of simulations are listed in Table 1.
Table 1: SIB and RAR link simulation parameters
	Parameter
	Value in SIB simulations
	Value in RAR simulations

	Number of subframes
	50000
	50000

	System bandwidth
	{3, 5} MHz 
	{1.4, 3, 5, 10} MHz 

	Frame structure
	FDD 
	FDD 

	Carrier frequency
	2.0 GHz for FDD
	2.0 GHz for FDD

	Antenna configuration
	2x1 (low correlation)
	2x1, 2x2 (low correlation)

	Channel model
	EPA, ETU
	EPA, ETU

	Doppler spread
	1 Hz 
	1 Hz 

	Transport block size
	2216 bits
	{1, 4, 16} * 56 bits

	Number of  PRBs
	{6, 15} (centre PRBs)
	{6, 15, 25, 50} 

	Number of transmissions
	{25, 10}
	1

	Frequency error
	100 Hz initial (but smaller after AFC)
	100 Hz initial (but smaller after AFC)

	HARQ retransmissions
	OFF
	OFF

	Channel estimation
	Ideal and practical
	Practical


2.1 Link performance for SIB

In order to estimate how the SIB coverage would be impacted by the PRB restriction, we performed PDSCH link simulations with the simulation parameters given in the center column in Table 1.

Here we assume that SIB transmission with sufficient coverage requires a code rate around 1/17. For PDSCH transmissions referenced by SI-RNTI, the UE is able to combine several consecutive transmissions in order to achieve better SIB coverage through energy accumulation. The transmissions are transmitted every 3rd subframe and the redundancy versions (RVs) are cycled. For a TBS of 2216 bits, this requires transmission over 15 PRBs during around 10 subframes or transmission over 6 PRBs during around 25 subframes. The total required number of PRBs is about the same in the two cases, 25*6 = 150 = 10*15 PRBs.
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Figure 1: SIB link performance for EPA 1 Hz (left: 25x6 PRBs, right 10x15 PRBs)
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Figure 2: SIB link performance for ETU 1 Hz (left: 25x6 PRBs, right 10x15 PRBs)
The results are shown in Figure 1 and Figure 2. In the figures, ‘SNR’ on the ‘x’ axis means accumulated SNR over all repetitions. For EPA 1 Hz, there is almost no difference between 6 PRBs and 15 PRBs. For ETU 1 Hz, 15 PRBs seem to perform approximately 1 dB better than 6 PRBs.
In all cases, it takes longer time to transmit all 150 PRBs when only 6 PRBs are transmitted in parallel, and the numerous PDSCH transmissions for SIB means an increased PDCCH load.

It should however be noted that a UE that is restricted to receiving 6 PRBs at a time may be able to receive a SIB transmission which is wider than 6 PRBs if the UE is given sufficient time. The UE may receive a different subset of the total number of PRBs in each transmission and after a large enough number of transmissions, the UE has received all the PRBs and should be able to decode successfully.

2.2 Link performance for RAR
In order to estimate how the RAR coverage would be impacted by the PRB restriction, we performed PDSCH link simulations with the simulation parameters given in the right column in Table 1. One PDSCH transmission referenced by RA-RNTI can contain RAR messages to several UEs. The TBS increases with 56 bits per UE.
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Figure 3: RAR link performance for EPA 1 Hz (left: 2 Rx, right 1 Rx)
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Figure 4: RAR link performance for ETU 1 Hz (left: 2 Rx, right 1 Rx)
The results are shown in Figure 3 and Figure 4. For normal LTE UEs with 2 Rx antennas, targeting 1% RAR BLER at -4 dB SNR (cf. reference link budget in TR 36.888 [2] Table 5.2.1.2-2), we get roughly the following results:

· 6~15 PRBs is required to transmit 1 RAR message

· 15~25 PRBs are required to transmit 4 RAR messages

· ~50 PRBs are required to transmit 16 RAR messages
In Table 2 we have estimates the maximum number of RAR messages that can be transmitted simultaneously based on the simulation results. As can be seen from the table, the ability to transmit RAR messages within 6 PRBs or even 15 PRBs will be very limited with the targeted BLER and SNR. 
Table 2: Estimated maximum number of RAR messages (targeting 1% BLER at -4 dB SNR)
	Channel
	Number of Rx antennas
	Estimated maximum number of RAR messages

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	-
	-
	1
	3

	
	2
	-
	1
	3
	12

	ETU 1 Hz
	1
	-
	1
	4
	10

	
	2
	1
	4
	10
	>16


A relaxation of the BLER target to e.g. 10 % will increase the maximum number of RAR messages, as seen in Table 3, but at the cost of reduced system performance due to more unsuccessful random access procedures. Still, at least the 6PRB case is challenging for successful transmission.   
Table 3: Estimated maximum number of RAR messages (targeting 10% BLER at -4 dB SNR)

	Channel
	Number of Rx antennas
	Estimated maximum number of RAR messages

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	-
	1
	5
	10

	
	2
	1
	4
	8
	>16

	ETU 1 Hz
	1
	-
	3
	8
	16

	
	2
	2
	8
	>16
	>16


3 Conclusions

SIB transmission with up to 2216 bits seems to be feasible for low complexity UEs restricted to 6 PRBs.
Transmission of more than a single RAR message with a single Rx antenna at the UE may be challenging if the number of PRBs is restricted to 6 or 15.
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