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1. Introduction
In RAN #57, a new target for this SID is added:
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 identifying solutions, any other related work agreed for Release 12 should be taken into account.

In this paper, we analyze coverage of LTE system and discuss some potential techniques for each channel for low-cost MTC devices.


2. Coverage analysis and potential techniques for physical channels
2.1. Link budget and MCL target 
In [2], the coverage of each channel for both downlink and uplink has been evaluated. Fig. 1 illustrates the average MCL (Maximal Coupling Loss) of each channel based on averaged company results. Since the MCL of different channels are different, it will be useful to set our target at an absolute MCL value based on a target of 20dB improvement over the weakest channel.

For MTC with very low rate traffic and relaxed latency, the MCL of the data channels investigated in [2], i.e., Medium data rate PDSCH 1Mbps, VoIP 12kps, Minimum data rate PUSCH 14.4kps, Medium data rate PUSCH 384kbps and VoIP AMR 12.2kbps, are likely not of reference value since they are not the weakest channels any more. With relaxed latency, the coverage of data channel should not be a bottleneck. Instead, we consider the coverage of other physical channels. From Fig.1, we observe that the coverage bottleneck comes from RACH Format 2 that has an MCL of 141.77dB [2]. Adding the 20dB coverage enhancement, a reasonable absolute MCL target may be around 161.77dB. Note the MCL is still based on the assumption of two Rx antennas. The gap of each channel at specific performance level is listed in Table 3 in the appendix.
Observations # 1: Based on current LTE coverage evaluation, the coverage bottleneck is possibly RACH Format 2 with an MCL of 141.77dB.  
Proposal # 1: Consider an absolute MCL target of MCL = 161.77dB, which is 20dB improvement over the MCL of the weakest channel. 
[image: image1.emf]120 125 130 135 140 145 150 155

RACH Format 2

PUCCH format 1

PUCCH format 1a

PUCCH format 2

Message 3 TBS 56

Message 3 TBS 144

VoIP AMR 12.2 kbps

Medium data rate PUSCH 384kbps

Minimum data rate PUSCH 14.4kbps

PDCCH format 1a

PDCCH format 2c

PBCH 

PHICH 

PCFICH 

PSS 

SSS

VoIP 12kbps

Medium data rate PDSCH 1Mbps

Target to 

MCL=161.77dB


Fig. 1. MCL of current LTE physical channels
2.2. Synchronization channel
At network entry, UE relies on synchronization channel for timing and frequency synchronization and cell ID detection. With a target of MCL = 161.77dB, based on the simulation result in [2], the gaps to the target MCL for PSS and SSS are 12.71dB and 13.07dB respectively.
In order to bridge the performance gap, we first investigate if an implementation based method under legacy PSS/SSS is feasible. One such method is to combine PSS overt time. Typical PSS processing is to convolve received signal in the time domain with the three PSS sequences. Since PSS repeats every 5ms, a UE can directly accumulate the results after time-domain convolution. Under static channels, we should expect 3dB gain with every doubling of the received power. However, further accumulation beyond channel coherence time may actually degrade the performance. For MTC devices with coverage issue, static channel is usually expected, or with only very low Doppler due to movement in the immediate surrounding environment.  
Let us look at the effectiveness of PSS accumulation. Table 1 and Fig. 2 show the simulation results with different accumulation time (# of combining “N” x 5ms) under different Doppler values. As expected, we observe a gain of 10log10(N) at low Doppler of 1Hz. With 20 times of PSS combining (100ms),  we can obtain around 13dB gain, which is the MCL gap identified previously. For a Doppler of 7.5Hz, the SNR gain peaked at 10 times of PSS combining, with nearly 9dB gain.  We noticed that the gain is not 10dB for 10 PSS accumulation (50ms), because the channel varies significantly after 50ms at 7.5Hz Doppler.  
SSS differs between Subframe 0 and Subframe 5. Therefore, SSS can not be simply combined as PSS every 5ms.  However, SSS can still be combined every 10ms. The observed SNR gain over combining over SSS every 10ms is shown in Fig. 3 and Table 3. Similar to PSS, the SNR gain peaking shows up with 7.5Hz Doppler after 3 SSS combing. However for 1Hz Doppler case, the SNR increases around 3dB with every doubling of received power. With 20-time SSS combining over 200ms, a 11dB gain is observed. Note that for simplicity, we skipped subframe 5, 15, 25, and so on in the simulation. Better performance can be expected when SSS at both Subframe 0 and Subframe 5 are buffered and processed.   
Observations # 2: UE can combine PSS every 5ms and SSS every 10ms. UE can rely on longer accumulation time for PSS/SSS processing to improve the SNR condition, as long as the channel can be assumed unchanged over the period, which is a reasonable assumption under zero/low Doppler. 

Proposal # 2: Focus the study of MTC coverage enhancement techniques on very low Dopplers (e.g.,[0, 1Hz]).
[image: image2.png]Required SINR Gain

18
16
14
12
10

o N B O ®

10
Combination times

20

40

—fi—7.5Hz Doppler
=== 1Hz Dopper





Fig.  2 SNR gain of PSS after combing at two Doppler values
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Fig.  3 SNR gain of SSS after combing at two Doppler values 
Table 1 Required SINR gain with combinations for PSS

	PSS combination times
	1->2 times
	1->5 times
	1->10 times
	1->20 times
	1-<40times

	7.5Hz Doppler 
	3.2
	7
	9
	9.4
	 9.5

	1Hz Doppler
	3.2
	7.3
	10.3
	13.2
	16.2


Table 2 Required SINR gain with combinations for SSS

	PSS combination times
	1->2 times
	1->5 times
	1->10 times
	1->20 times
	1->40times

	SSS combination times
	1->1 time †
	1->3 times
	1->5 times
	1->10 times
	1->20 times

	7.5Hz Doppler 
	1.3
	3.9
	4.1
	4.5
	4.6

	1Hz Doppler
	1.3
	4.3
	6
	8.5
	11


† Note even though there is no combining gain with SSS in this case, SSS detection benefit from a better channel estimation from PSS which is received with 2 times combining.
2.3. Downlink control channel (PDCCH, eDPCCH)
DCI is transmitted in different aggregation levels CCE/ECCE. In order to improve coverage, increasing aggregation level (AL) is the most straightforward method. The simulation result in Fig. 4 in the appendix shows that, under EPA 7.2Hz, there is around 1.9dB gain by increasing from AL8 to AL16 for DCI format 1a with 2Tx1Rx and 10MHz system bandwidth. Note that it is not the expected 3dB gain (or higher due to more frequency diversity at the increased AL), because the channel estimation loss is higher at lower SNRs associated with higher AL. Note also from Table 3 that there is a big gap of 15.71dB gap to the target. A significant increase of AL is required.  
Additional approach of reducing the payload size of each DCI format can be exploited as well. With the assumption of reducing bandwidth to 1.4MHz, we only need to schedule 6 PRB for data channel, which will reduce the payload size for DCI format 1a from 27bit to 21bit compared to BW =10MHz. The simulation shows that it will further bring in a 1dB gain. The payload size may be further reduced. However, the gain is still limited compared to the gap.

Different from data channel, in LTE system control channel does not support HARQ or across subframe transmission. But within one subframe, legacy control region only have round 90 CCEs for BW = 20MHz. It is impossible to achieve the coverage target within one subframe, under high AL. Even for EPDCCH, in order to support AL 256 for example, about 64 PRB-pairs will be needed support one MTC UE. As a result, in order to achieve the 20dB coverage enhancement target, downlink control channel needs be transmitted across subframes. 

One simple solution of increasing aggregation level is time-domain aggregation, which means transmitting control channel across subframes. For example, in each subframe a maximum aggregation level 8 is supported and additional aggregation is achieved by aggregating the CCE/ECCEs from different subframes. By aggregating 2, 4, 8, 16, 32, 64 subframes, we can support up to AL 256, which should achieve the coverage requirements. MTC UE can be configured to monitor the search space with different aggregation levels. For example, a MTC UE who observes large pathloss can be configured to monitor an aggregation level set of {AL 32, AL 64, AL 128 and AL 256} and a MTC UE smaller pathloss is configured to monitor {AL 4, AL 8, AL 16, and AL 32}, where UE monitors AL 4 and AL 8 within one subframe and AL 16 and AL 32 by aggregating CCE/ECCEs of 2 and 4 subframes respectively. After receiving a new subframe, UE can attempt to decode control channel in this new subframe for AL 4 and AL 8, and try AL 16 and Al 32 by aggregating this new subframe with the previous 1 and 3 subframes respectively. Therefore, comparing with legacy UE, no additional blind decoding time is expected to introduce this way. 
Observations # 3: It is impossible to achieve the coverage enhancement target for downlink control channel by increasing aggregation level within one subframe. 
Proposal # 3: Larger aggregation levels can be used to improve control channel coverage. CCE/ECCEs from different subframes can be aggregated to obtain a larger aggregation level.  
Moreover, in order not to increase the data buffer size, eNB can retransmission the same symbols on the same control channel resources in each subframe, so that the MTC UE can simply combine the control channel resource directly as long as the channel does not change much over time. The MTC UE can use the same blind decoding processing after combining certain number subframes to for the aggregation levels. For example, the MTC UE can combine 2, 4, 8, 32 subframes to attempt control channel decoding for AL 16, AL 32, AL 64, and AL 128 respectively. The channel estimation can also be performed on the post-combining reference signal. Note this requires DMRS in EPDCCH uses the same pre-coding in each retransmission, which is reasonable. The combining on reference signal ensures a decent channel estimation performance once a reasonable SNR is obtained. With 32~64 retransmissions, it is possible to achieve the 15.71dB needed to reach the MCL target. At the same time, this retransmission method will not increase data buffer size and it has no impact to legacy LTE UEs in the cell. The impact to the specification is limited. 

Proposal # 4: For large aggregation levels that require across-subframe aggregation, a control channel can be retransmitted on the same control resources across different subframes.  

If eNB wishes to perform retransmission as many times as needed, which might be the case if eNB have no knowledge on the channel condition to the MTC UE, the UE can attempt to decode the control channel after combining each retransmission. MTC UE can send an ACK to the eNB after successfully decoding control channel in order to “terminate” the control channel retransmission, which can save some resources for eNB. Note that the ACK signal may also need retransmission. The data channel may be transmitted and retransmitted at the same subframes as the control channel. So the ACK from UE can be used to acknowledge both the control and data channel. In this case, the data channel can be transmitted on the same resources in each subframe. The MTC UE combines the entire subframe before the allocation of PDSCH is known. After successfully decoded the control channel, the MTC UE can process only the resources allocated for PDSCH. If the data channel is successfully decoded, an ACK will be sent to eNB to terminate retransmission of data and control channel.   
Proposal # 5: The data channel can be sent in the same subframes as the control channel and retransmitted on the same resource across different subframes.  

2.4. PBCH
After successfully detected synchronization channel, UE will attempt to decode PBCH. Same MIB is transmitted in PBCH every 40ms, after which will be a different MIB because the 8 bits SFN changes every 4 radio frames. As a result, no directly combination can be implemented for PBCH and it is difficult to improve the performance of legacy PBCH.

On the other hand, for low-cost MTC UE, we can consider if we need to decode legacy PBCH. The information contained in MIB is SFN, system bandwidth and PHICH configuration. With bandwidth reduction of DL-1 and DL-2, LC-MTC device can not decode legacy PHICH. And for DL-1, system bandwidth might not be necessary. One possible solution is to introduce a new broadcasting channel for LC-MTC devices that can include only necessary system information for MTC. The new channel should consider the coverage target.

Proposal # 6: Consider introducing a new broadcasting channel specifically for LC-MTC and also targeting enhanced coverage.
2.5. Downlink data channel (PDSCH)
The ultimate method of improving coverage is increasing transmission power. Different from downlink control channel, the data channel can be retransmitted in HARQ. Increasing maximum HARQ retransmissions is a method to increase coverage under the relaxed delay requirement. Power boosting or allocating more resources (PRBs) can also help in the DL case. However, the gain may be still limited compared to the 20dB target. Note that retransmission like HARQ IR is only helpful if a decent channel estimate can be obtained. Hence, a simple retransmission of data and reference symbols may be more effective. 
Proposal # 7: Consider retransmitting the same PDSCH on the same resources blocks across different subframes for data channel.
2.6. Uplink channels
PRACH is the bottleneck as we analyzed in section 2.1, with a full 20dB gap that needs to be compensated. The most straightforward way to increase the PRACH coverage is retransmission at maximal Tx power. The eNB needs to configure a separate PRACH resource for this kind of LC-MTC device. In this case, the transmission starting subframe and other transmission parameters should be predefined and known to both MTC UEs and eNB. Similar retransmission concept can also be further explored for PUSCH and PUCCH.  
Proposal # 8: Consider retransmission of the random access preamble for PRACH enhancement and retransmission of PUSCH and PUCCH in general. Define a dedicated RACH resource for MTC UE in need of coverage enhancement.

3. Conclusion
In this contribution, we shared some observations and views on potential coverage enhancement techniques for low-cost MTC. 

Observations # 1: Based on current LTE coverage evaluation, the coverage bottleneck is possibly RACH Format 2 with an MCL of 141.77dB.  
Observations # 2: UE can combine PSS every 5ms and SSS every 10ms. UE can rely on longer accumulation time for PSS/SSS processing to improve the SNR condition, as long as the channel can be assumed unchanged over the period, which is a reasonable assumption under zero/low Doppler. 

Observations # 3: It is impossible to achieve the coverage enhancement target for downlink control channel by increasing aggregation level within only one subframe. 
And we propose:
Proposal # 1: Consider an absolute MCL target of MCL = 161.77dB, which is 20dB improvement over the MCL of the weakest channel. 
Proposal # 2: Focus the study of MTC coverage enhancement techniques on very low Dopplers (e.g.,[0, 1Hz]).
Proposal # 3: Larger aggregation level can be used to improve control channel coverage. CCE/ECCEs from different subframes can be aggregated to obtain a larger aggregation level.  
Proposal # 4: For large aggregation levels that require across-subframe aggregation, a control channel can be retransmitted on the same control resources across different subframes.  

Proposal # 5: The data channel can be sent in the same subframes as the control channel and retransmitted on the same resource across different subframes.  

Proposal # 6: Consider introducing a new broadcasting channel specifically for LC-MTC and also targeting enhanced coverage.
Proposal # 7: Consider retransmitting the same PDSCH on the same resources blocks across different subframes for data channel.
Proposal # 8: Consider retransmission of the random access preamble for PRACH enhancement and retransmission of PUSCH and PUCCH in general. Define a dedicated RACH resource for MTC UE in need of coverage enhancement.
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Appendix: 
Table 3 MCL for normal LTE FDD
	FDD 2Tx2Rx
	Performance target
	MCL  (dB)
	Gap to Target

	UL
	 
	 
	 

	RACH Format 2
	1%Pmiss 0.1%Pfa
	141.77
	20

	PUCCH format 1
	1%Pmiss, 1%Pfa
	146.51
	15.26

	PUCCH format 1a
	1%Pmiss, 1%Pfa
	147.24
	14.53

	PUCCH format 2
	1%BLER
	145.99
	15.78

	Message 3 TBS 56
	10%rBLER
	146.72
	15.05

	Message 3 TBS 144
	10%rBLER
	143.48
	18.29

	VoIP AMR 12.2 kbps
	2%rBLER
	141.68
	20.09

	Medium data rate PUSCH 384kbps
	10%iBLER
	132.41
	29.36

	Minimum data rate PUSCH 14.4kbps
	10%iBLER
	140.65
	21.12

	PDCCH format 1a
	1%BLER(8CCE)
	146.06
	15.71

	PDCCH format 2c
	1%BLER(8CCE)
	145.24
	16.53

	PBCH 
	1%BLER
	148.84
	12.93

	PHICH 
	0.1%BLER
	145.37
	16.4

	PCFICH 
	1%BLER
	145.77
	16

	PSS 
	10%Pmiss
	149.06
	12.71

	SSS
	10%Pmiss
	148.7
	13.07

	VoIP 12kbps
	10%iBLER
	142.85
	18.92

	Medium data rate PDSCH 1Mbps
	10%iBLER
	144.36
	17.41

	 
	 
	141.77
	161.77

	 
	 
	MCL bottleneck for MTC
	Target MCL
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Fig. 4 PDCCH performance with AL 16.
