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1.  Introduction
At RAN #56, some concerns on coverage issues were raised for the completion of SI “Provision of low-cost MTC UEs based on LTE”. Hence, an updated SID focusing on coverage improvement aspects [1] was proposed and approved at RAN #57, in which the main update includes
· A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice).
In this contribution, we firstly provide the updated link budget results considering the new traffic with low rate and relaxed latency, and identify the targets of coverage improvement for per physical channel. After that, we present some of our preliminary views on potential solutions for coverage improvement for MTC UEs and related system impacts. 
2.  Identification of the targets for coverage improvement
Considering the new traffic with very low rate and relaxed latency, in this section we update the Maximum Coupling Loss (MCL) of PUSCH and PDSCH based on Table 5.2.1.2-2 in [2] to identify the targets for coverage improvement for each physical channel. The reason to update the MCL is that the baseline to enhance the MTC UE coverage is the normal LTE, while the MCL for PUSCH and PDSCH (140.7 and 145.4 dB in Table 5.2.1.2-2 [2]) is based on QoS target of 10% iBLER, in which case no retransmission is assumed. But for normal LTE UE, maximum 4 HARQ is usually adopted in realistic transmission. That means PUSCH and PDSCH might not be the bottleneck among the physical channels with relaxed delay limitation.
The simulation assumptions for new traffic model for PUSCH and PDSCH are listed as Table 1. Considering the relaxed latency requirements, multiple retransmissions are used and 1% rBLER is taken as the QoS target. In addition, RLC segmentation is assumed in the simulation in order to enable to use the lowest MCS level for coverage improvement considering the relaxed latency requirements.
Table 1: Simulation assumptions for PUSCH and PDSCH
	Physical channel name
	PUSCH
	PDSCH

	Packet size
	100 bytes/message
	20 bytes/message

	Latency limitation
	1 hour
	10 seconds

	MCS
	0
	0

	PRB
	2
	2

	Max. retransmission times
	8
	8

	QoS target
	1% rBLER
	1% rBLER


The updated MCL results are shown in Table 2, in which the results for PUSCH and PDSCH are updated based on updated simulation assumption in Table 1, and the results of other control channels are remaining unchanged compared to Table 5.2.1.2-2 in [2]. Based on the updated results in Table 2, it can be seen that PRACH becomes the new bottleneck for coverage. With target of 20 dB improvement over normal LTE UEs, the targets for coverage improvement for each physical channel for MTC UEs are given in the last row in Table 2.
Table 2: MCL calculation for LTE FDD
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH
(1A)

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-9.8
	-8.5
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL  

         = (1) ( (8) (dB)
	147.2
	141.7
	146.3
	149.9
	149.0
	149.3
	146.1

	MCL for normal LTE UEs
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	Targets for improvement (dB)
	13.5
	19
	14.4
	10.8
	11.7
	11.4
	14.6


*Note: eNB is assumed with 2 Tx and 2 Rx, and UE is assumed with 1 Tx and 2Rx in FDD systems
3. Potential solutions and impacts for coverage improvement 
3.1. DL coverage improvement
In Table 3, potential solutions for DL coverage improvement are provided, followed by the detailed descriptions and discussions on the corresponding potential system impacts.
Table 3: Potential solutions for DL coverage improvement
	Channels
	Targets (dB)
	Channel specific solutions
	Common solutions

	PDSCH

	10.8
	· Introduction of lower MCS level

· Frequency domain spreading

· Time domain enhancement
· HARQ retransmission

· TTI bundling

· RLC segmentation
	· Power boosting

· IRC

	PBCH
	11.7
	· More subframes for combining
	

	SCH
	11.4
	· Relaxed delay requirement for cell search
	

	PDCCH (DCI format 0/1A)
	14.6
	· ePDCCH based
· Increased aggregation level
	


PDSCH

· Introduction of lower MCS level
In LTE, multiple MCS levels are supported to realize the channel link adaptation. Introduction of a lower MCL level than current LTE could be beneficial to increase the coverage for very small data packet for MTC UEs. Some potential standardization impacts will include rate matching design, signaling related to MCS, and TBS table definition, etc. 
· Frequency domain spreading
The other similar method to realize the lower MCS level is frequency domain spreading/repetition in which the PDSCH transport block is spread/repeated to more PRBs in the frequency domain. Thus, the coverage improvement can be achieved from perspective of accumulation of more receiving energy. In addition, compared to direct introduction of lower MCS level, the standardization impacts are slightly different, e.g., change of data mapping scheme is needed. 
· Time domain enhancement: HARQ retransmission
Increased HARQ retransmission is a straightforward way to improve the coverage performance of PDSCH. When the maximal number of HARQ transmission is set to be N, a 10log10(N) dB coverage improvement could be obtained theoretically. In current LTE specification, there is no explicit limitation for maximum HARQ retransmission number for DL and it can be left for implementation.
· Time domain enhancement: TTI bundling
In LTE Rel-8/9/10, TTI bundling was specified as an efficient solution for PUSCH and UL VoIP coverage enhancement. Compared to HARQ retransmission without TTI bundling, TTI bundling could reap some additional benefits including: (1) Significant lower PUCCH (ACK/NACK feedback) and PDCCH (DL scheduling assignment) overhead; (2) Potential increased channel estimation performance when joint-TTI channel estimation is employed; (3) Reduced transmission delay. Some standardization impacts, e.g., timing, and new eNB/UE behavior, will be introduced to support PDSCH TTI bundling. 
· Time domain enhancement: RLC segmentation
With RLC segmentation, MTC traffic packets could be segmented into smaller packets. The resulting smaller packets can then be transmitted through multiple separate HARQ processes and lower MCS for coverage improvement. However, as RLC/MAC header and CRC bits are attached to each RLC SDU, RLC segmentation could bring additional overhead.
PBCH

· More subframes for combining
In current LTE systems, the PBCH TTI equals to 40ms, and the coded PBCH transport block is mapped to the first subframe of each frame in four consecutive frames. To acquire sufficient energy accumulation for correct decoding of PBCH for cell-edge MTC UEs, more OFDM symbols and subframes can be used for PBCH transmission and combining within 40ms. 
SCH

· Relaxed delay requirement for cell search
The cell search time for successful detection of PSCH/SSCH will be much increased for MTC UEs with large path loss. However, the existing cell identification delay requirement may not be satisfied, and more relaxed delay requirement for cell search needs to be defined for MTC UEs.

PDCCH (DCI format 0/1A)
· ePDCCH based 
Utilization of ePDCCH based transmission format can be a straightforward method to achieve the coverage improvement for MTC UEs. Compared to PDCCH, some benefits for ePDCCH can be exploited for coverage improvement including (1) Demodulation RS based and beamforming gain; (2) Possible larger number of REs allocated for one DCI (3) Potential using together with ICIC techniques to coordinate the interference from neighbor cells, etc.

· Increased aggregation level
Even with utilization of ePDCCH, the gain may be not sufficient to reach the target for coverage improvement for MTC UEs. Thus, some additional enhancements, e.g., using higher aggregation level than 16 can be considered further. 
PCFICH

The PCFICH does not have to be used for MTC UEs at cell edge, and some alternatives to inform the starting OFDM symbol of PDSCH are,
· In LTE Rel-10, the CFI information of the concerned SCell could be informed by high-level signaling when cross carrier scheduling is used. In addition, in recent discussion for ePDCCH in Rel-11, it has been agreed that per-cell higher layer signaling can be transmitted to indicate the OFDM starting symbol for any ePDCCH on that cell, and PDSCH on that cell scheduled by ePDCCH.
· UE can blindly decode the control channels assuming each possible starting OFDM symbols of PDSCH. However, in this case significant processing load at UE will be introduced, especially when the retransmission probability is very high for MTC UEs at cell edge.
PHICH

Also, as mentioned in [2], PHICH can be neglected and the function of PHICH can be implemented by PDCCH in case of cell edge. In that sense, significant increase for PDCCH overhead will be introduced.
Common solutions 

Power boosting could be the common solution to improve coverage for all the DL channels. Note that the power difference between REs should be kept within the limits set by the RF requirements, e.g., the ratio between the maximal power of an RE and the average RE power should be no more than 4dB for PDCCH, and no more than 3dB for PDSCH respectively [3]. Moreover, the transmit power of an OFDM symbol could not exceed the maximum output power of the eNB. In that sense, the performance of other normal LTE UEs will be potentially degraded due to decrease of transmission power. In addition, some other enhancements, e.g., IRC receiver, ICIC and DL CoMP could also be employed to improve the coverage of DL physical channels. Basically, common solution for all channels will be preferred considering the decrease of standardization impacts and efforts needed. However, the potential gain may be insufficient to reach the relative high target. 
Based on discussions above, some of our observations on DL coverage improvement issues are as follows. 
Observations
· It seems difficult to find a common solution for all the channels to achieve 20 dB gain for coverage improvement.
· Compared to data channels, control channels are more critical for coverage improvement and may have more standardization impacts and need more standardization efforts.
· Basically the coverage improvement solutions will consume more resources for MTC UEs, and the impacts on normal LTE UEs need to be considered and evaluated.
3.2. UL coverage improvement 
In Table 4, potential solutions for UL coverage improvement are provided, followed by the detailed descriptions and discussions on the corresponding potential system impacts.
Table 4: Potential solutions for UL coverage improvement
	Channels
	Targets(dB)
	Channel specific solutions
	Common solutions

	PUSCH
	14.4
	· Time domain enhancement 

· HARQ retransmission

· TTI bundling enhancement

· RLC segmentation

· Frequency-selective scheduling
	· RS power boosting
· ICIC

· IRC



	PUCCH(1a)
	13.5
	· TTI bundling
	

	PRACH
	19
	· New PRACH format 
	


PUSCH

· Time domain enhancement
Similar to PDSCH discussion, time domain enhancement including increased HARQ retransmission, TTI bundling and RLC segmentation, can be helpful to further improve the coverage for MTC UEs. One of the differences compared to DL is that, in current LTE specification, maximum HARQ retransmission number of 28 is supported for UL. The extension of the value to larger one seems to be the simplest way and with the minor standardization impact to reach the target of coverage improvement.
· Frequency-selective scheduling

The eNB can take advantage of the frequency selectivity of the channel, by scheduling the UEs in the PRB(s) with more favorable channel condition. This provides gain over frequency non-selective scheduling with PUSCH hopping when the channel is varying slowly in time domain. For normal UE and Doppler less than 10Hz, it is expected that frequency-selective scheduling can provide about 1 dB gain in coverage. However, the gain may be very insufficient compared to the target for coverage improvement. In addition, some signaling overhead will be introduced, and the frequency-selective scheduling gain would be further reduced considering that MTC UEs will potentially use the reduced bandwidth.
PUCCH

· TTI bundling
Using TTI bundling for PUCCH, i.e., repeating the same UCI in multiple contiguous subframes within fixed number of subframes, could obtain coverage gain by energy accumulating. Some standardization impacts, e.g., timing, and new eNB/UE behavior, will be introduced to support PUCCH TTI bundling.
PRACH

· New PRACH format
In current LTE, multiple PRACH formats with different length of CP and sequence are provided to support different cell size. The format 2 & 3 with longer sequence length can provide up to 3 dB link budget improvement compared with format 0 & 1, which is useful in large cells and/or to balance PUSCH/PUCCH and PRACH coverage at low data rates. However, even with format 3, it may be not sufficient to reach the target for coverage improvement for MTC UEs. Therefore, design of new PRACH format may be needed.
Common solutions
· RS power boosting
According to [5], even with MMSE algorithm in uplink DM-RS channel estimation, the channel estimation accuracy is still an issue in low SNR region. For example, in case of two receive antennas, the performance loss at operating point can be more than 2dB due to channel estimation error. Considering the transmission power limitation at UE side, the related standardization and system impacts for UL RS power boosting need to be justified.
· IRC receiver
Compared to MRC, the IRC receiver can suppress the interference and hence obtain significant coverage gain in interference-limited scenarios. Take the scenario of IoT=7dB for example, the potential SINR gain can be around 3.5dB. However, the gain depends on the concrete implementation algorithm at eNB, and meanwhile the potentially increased complexity needs to be considered.
Based on discussions above, basically we have the similar observations on UL coverage improvement issues as that for DL in section 3.1.
4. Conclusions
In this contribution, we identified the coverage performance for each channel with updated traffic model for MTC UEs, and provided some of our preliminary views on potential solutions for coverage improvement for MTC UEs and related system impacts.
Some of our observations are as follows,
· It seems difficult to find a common solution for all the channels to achieve 20 dB gain for coverage improvement.
· Compared to data channels, control channels are more critical for coverage improvement and may have more standardization impacts and need more standardization efforts.
· Basically the coverage improvement solutions will consume more resources for MTC UEs, and the impacts on normal LTE UEs need to be considered and evaluated.
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