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1. Introduction
In RAN#65, the work item of further LTE physical layer enhancements for MTC was approved [1]. The work item covers three aspects: 
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE RF bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs should be supported.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced transport block size for unicast and/or broadcast signaling.

· Reduced support for simultaneous reception of multiple transmissions.

· Restricted downlink modulation scheme.

· Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line).

· Reduced support for CQI/CSI reporting modes.

· Provide a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH, PHICH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, EPDCCH)

· Either elimination or repetition techniques for PUCCH

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· Separately encoded physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs should be considered.

· Increased reference symbol density and frequency hopping techniques can be considered.

· Relaxed requirements for “probability of missed detection” for PRACH and for initial UE system acquisition time for PSS/SSS/PBCH/SIBs.

· The amount of coverage enhancement should be configurable per cell and/or per UE.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One acceptable approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviors of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signaling (e.g. EPDCCH) and higher layer control signaling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage.

· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time to a minimum.

· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.

· Reduction of measurement time, measurement reporting, feedback signaling, system information acquisition, etc., can be considered if this can achieve significant power consumption reduction.

· Half duplex FDD, full duplex FDD, and TDD should be supported but since half duplex operation is particularly beneficial from device complexity and power consumption point of view, the solutions specified within this work item should be optimized for half duplex FDD and TDD.

In this contribution, we provide our view on the common control messages for MTC. 

2. Common Control Messages
In this contribution, we consider the common control messages for MTC, in particular, we discuss system information delivery for MTC. 
We propose a new MTC_SIB for the following reasons:

· MTC_SIB will have reduced payload that focuses only on MTC related parameters

· The payload size is around 300 bits based on initial analysis
· MTC_SIB will be transmitted only in the center 6 RB

· MTC_SIB should have much slower update rate than regular SIB

· This allows more combining for link budget improvement

· This also allows more energy saving 

· MTC_SIB can provide additional information on other narrowband regions for data communications

For coverage enhancements, one of the main challenges is broadcast information delivery:

· Broadcast information will need to be transmitted often in order to reduce the latency and power consumption for UE to acquire the information

· Broadcast information has to reach the users with the worst coverage

· Overhead has to be minimized 

Several design approaches are considered for MTC_SIB design:

· Significant reduction of the update rates:

· The larger update rates allow MTC user to combine across multiple transmissions to acquire SIB

· The overhead remains fixed, while the decoding time is larger for coverage limited MTC devices

· Significant reduction of payload sizes from regular SIB
· With smaller payload, the link budget can be significantly improved comparing to regular SIB
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Figure 1. Broadcast Channel Design

For example, without introducing more SIBs within the 80 ms window, we can reduce the update rate to allow combining across 4/8/16/32/64 SIBs with the fixed overhead:

Table 1 SIB overhead analysis
	SIB Overhead Analysis
	Bandwidth

	
	20 MHz
	10 MHz
	5 MHz
	1.4 MHz

	4 SIB in 80 ms
	0.30%
	0.60%
	1.20%
	5.00%

	8 SIB in 160 ms
	0.30%
	0.60%
	1.20%
	5.00%

	16 SIB in 320 ms
	0.30%
	0.60%
	1.20%
	5.00%

	32 SIB in 640 ms
	0.30%
	0.60%
	1.20%
	5.00%

	64 SIB in 1280 ms
	0.30%
	0.60%
	1.20%
	5.00%


3. Simulation Results
In this section we present link level analysis, where we compare performance of SIB message with different payloads. 
In our simulations, we assume to have a MTC UE operating in a 6 PRBs system bandwidth equipped with one receiving antenna, while the eNB is equipped with 2 transmitting antennas. The simulated channel model is EPA with Doppler spread of 1Hz. In this setting, we transmit PDSCH payloads with the following lengths: 328, 504, 1032 bits that are fitted in 6PRBs with following respective MCS: 3, 5, 10.
Each message is retransmitted from 0 to 128 times in order to evaluate the corresponding coverage enhancements. In the figures below (from Figure 1 to Figure 6) we report the FER of each retransmission length for different payloads.

In Table 2, we summarize the results of the required SNR to achieve 1% FER target for different payloads and different retransmission length. 
Table 2: Achieved SNR for 1% Target FER and MCL
	 
	[dB]
	NoReTx
	8-ReTx
	16-ReTx
	32-ReTx
	64-ReTx
	128-ReTx

	
	
	
	
	
	
	
	

	PDSCH
328bits
	Req. SINR
	6.17
	-1.98
	-4.31
	-6.62
	-9.08
	-10.78

	
	MCL
	135.27
	143.42
	145.75
	148.06
	150.52
	152.22

	PDSCH
504bits
	Req. SINR
	7.75
	-0.75
	-3.14
	-5.62
	-8.13
	-10.05

	
	MCL
	133.69
	142.19
	144.58
	147.06
	149.57
	151.49

	PDSCH
1032bits
	Req. SINR
	12.48
	2.74
	0.3
	-2.11
	-4.33
	-5.88

	
	MCL
	128.96
	138.70
	141.14
	143.55
	145.77
	147.32


These results show a 5 dB difference in performance when we reduce the SIB payload from 1032 bits to 328 bits. With 1032 bits of SIB, with 128 retransmissions, the maximum coupling loss is 147 dB. 
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Figure 1: PDSCH FER 0-Retransmissions
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Figure 2: PDSCH FER 8-Retransmissions
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Figure 3: PDSCH FER 16-Retransmissions
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Figure 4: PDSCH FER 32-Retransmissions
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Figure 5: PDSCH FER 64-Retransmissions
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Figure 6: PDSCH FER 128-Retransmissions


4. Summary
In this contribution we presented our views on the common control messages. We make the following proposals:

Proposal 1:


Support introduction of a new MTC_SIB to signal only MTC related parameters. 
Proposal 2: 

Support reduced update rate for MTC_SIB for both coverage enhancements and energy saving. 
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