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1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include (1) new Rel-13 low complexity UE category/type for MTC operation, (2) relative LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. In this contribution, we discuss coverage enhancement techniques for data channels.

2
Coverage Enhancement
Using the agreed target MCL of 155.7 dB, Table 1 shows the coverage enhancement targets of different channels for different UE categories. The uplink coverage enhancement targets are obviously dependent on the reduction in maximum UE power. On the downlink, however, it is seen that PDSCH and (E)PDCCH performance degrade substantially due to 1Rx antenna and narrow bandwidth. Thus, the required enhancement targets for these two channels are quite large.

Table 1. Coverage enhancement targets in dB for different UE categories/types (FDD). 

	UE Category/Type
	PUCCH
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	(E)PDCCH

	Cat-1 UE (2Rx)
	8.5
	14.0
	15.0
	10.3
	6.7
	6.4
	9.6

	Cat-0 UE (1Rx)
	8.5
	14.0
	15.0
	14.3
	10.7
	10.4
	13.6

	LC-MTC UE (1Rx, 1.4MHz BW, 23 dBm)
	8.5
	14.0
	15.0
	16.9
	10.7
	10.4
	16.8

	LC-MTC UE (1Rx, 1.4MHz BW, 20 dBm)
	11.5
	17.0
	18.0
	16.9
	10.7
	10.4
	16.8


2
PDSCH

Link level simulation results for the PDSCH using various coverage enhancement techniques are presented in [3] and summarize in Table 2. For the PDSCH, it is seen that cross-subframe channel estimation and PSD boosting can be effectively used to lower the number of required repetitions. Furthermore, since only QPSK modulation will likely be used for PDSCH transmission in coverage-limited scenarios, the UE does not need to know the PSD boosting level. HARQ is another important feature that can be used for coverage enhancement. With HARQ, frame error rate of 10% can be used as a target. This can reduce the number of repetition substantially. For instance, results from [3] show that additional 5dB is needed to target 1% FER compared to 10% FER.
Table 2. Approximate number of required repetitions for various techniques (10% BLER, EPA1).
	Target MCL (dB)
	Required Repetitions

	
	Cross-SF Ch. Est (3-SF)
	Cross-SF Ch. Est (6-SF)
	Cross-SF Ch. Est (3-SF) + 3dB CRS Boosting
	Cross-SF Ch. Est (6-SF) + 3dB CRS Boosting
	Cross-SF Ch. Est (3-SF) + 3dB PDSCH+CRS Boosting
	Cross-SF Ch. Est (6-SF) + 3dB PDSCH+CRS Boosting

	143.7
	3
	3
	3
	3
	2
	2

	149.7
	22
	14
	14
	12
	9
	6

	155.7
	220
	128
	128
	80
	64
	48


Frequency hopping is another possible method for improving the performance of LC-MTC UE. However, there are several potential issues with frequency hopping – e.g. re-tuning time and channel estimation. Long re-tuning time can lead to a loss of some data symbols or the need to have transmission gaps between hops. Multi-subframe channel estimation may not be possible with frequency hopping unless slow hopping is used or hopping is always done between fixed locations. Figure 1 shows PDSCH performance with hopping using multi-subframe channel estimation for both EPA1 and ETU1 channels. Note that there is no frequency diversity in the EPA1 channel; hence there is no gain from hoping. For the ETU1 channel, the gain from hopping is negligible at 10% BLER point. At the 1% BLER point, there is a gain of up to 1 dB. This may result in up to 25% reduction in the number of required repetitions.
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Figure 1. PDSCH performance with hopping for MCS5 with 6 PRBs – 2Tx-1Rx, cross-subframe channel estimation.
Based on the results shown, it can be observed that cross-subframe channel estimation and PSD boosting can be used to reduce the number of required repetitions. Cross subframe channel estimation is based on receiver implementation and will not require RAN1 specification changes. PSD boosting is already supported as part of implemention although the power control dynamic range is limited (e.g. up to 3dB for PDSCH when QPSK or 16-QAM is used). Thus, it might be beneficial to consider whether the range can be expanded. Note that, in this case PDSCH PSD boosting is done by nulling out other PRBs not used for LC-MTC UEs. Thus, there is a loss in capacity for this technique. Frequency hopping is also a promising technique but requires further study based on retuning time and potential loss of cross-subframe estimation gain.
Observation 1: For PDSCH, cross-subframe channel estimation and PSD boosting can reduce the number of required repetitions significantly. Frequency hopping is also a promising technique but requires further study.
3
PUSCH
Link level simulation results for the PDSCH using various coverage enhancement techniques are presented in [4] and summarize in Table 3. The reference case is that of PUSCH with 1-ms TTI and 1-PRB resource allocation. From Table 3, it is shown that cross-subframe channel estimation, increased DMRS density, reducing CRC overhead, and PSD boosting below 1 PRB are all effective in reducing the number of required repetitions. Note that frequency hopping was not evaluated since there is no frequency diversity for EPA1 channel.
Table 3. Approximate number of required repetitions for various techniques (EPA 1 Hz).
	Required Gain (dB)
	Cross-SF Ch. Est
	Required Repetitions

	
	
	Baseline
	2X DMRS
	16-bit CRC
	8-bit CRC
	6 REs/PRB
	3 REs/PRB
	6 REs/PRB + 2X DMRS
	3 REs/PRB + 2X DMRS

	6
	1
	6
	5
	5
	5
	5
	5
	4
	3

	12
	1
	54
	46
	52
	50
	50
	53
	40
	37

	18
	1
	430
	260
	340
	300
	260
	250
	240
	242

	6
	4
	4
	4
	4
	4
	4
	4
	4
	4

	12
	4
	25
	23
	23
	20
	16
	22
	16
	18

	18
	4
	200
	128
	210
	190
	110
	160
	128
	130

	6
	8
	4
	4
	4
	4
	4
	4
	4
	4

	12
	8
	18
	18
	16
	16
	16
	16
	16
	16

	18
	8
	128
	110
	128
	128
	128
	128
	110
	110


Cross subframe channel estimation is based on receiver implementation and will not require RAN1 specification changes. Thus, it is a preferred technique. Increasing DMRS density as well as PSD boosting below 1 PRB do not provide significant saving at low to medium coverage enhancement levels (e.g. up to 12dB) when cross-subframe channel estimation is used. However, they provide substantial reduction at very high coverage enhancement level (e.g. 18 dB). CRC reduction provides some benefits, but not a substantial amount.
Similar to the downlink, frequency hopping is another possible method for improving PUSCH performance. Likewise, re-tuning time and channel estimation loss (e.g. due to reduced of subframes available for cross-subframe channel estimation) may be an issue. Therefore, additional study is required..  
Observation 2: For PUSCH, cross-subframe channel estimation reduces the number of required repetitions significantly. At high coverage enhancement level, increased DMRS density and PSD boosting below 1 PRB can also reduce the number of required repetitions significantly. Frequency hopping is also promising techniques but requires further study.
Table 3 shows that a large number of subframes would be required to meet the 18dB coverage enhancement gain. With further reduction in the maximum power of the UE, the required number of subframes for repetition would be increased significantly. As a result, the system capacity will be reduced significantly with large number of coverage limited UEs. To avoid this, uplink PSD boosting with smaller granularity than 1 PRB may be considered. This is shown in Figure 2 below, where up to 4 UEs are multiplexed into the same PRB, thus the capacity in coverage limited scenario is not significantly impacted.
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Figure 2. Uplink PSD boosting with smaller granularity than 1 PRB.
Observation 3: Uplink PSD boosting with smaller granularity than 1 PRB can be used to improve capacity in coverage-limited scenarios.
4
Conclusion
In this contribution, we consider data channel enhancement and make the following observations–

Observation 1: For PDSCH, cross-subframe channel estimation and PSD boosting can reduce the number of required repetitions significantly. Frequency hopping is also a promising technique but requires further study.
Observation 2: For PUSCH, cross-subframe channel estimation reduces the number of required repetitions significantly. At high coverage enhancement level, increased DMRS density and PSD boosting below 1 PRB can also reduce the number of required repetitions significantly. Frequency hopping are also promising techniques but requires further study.
Observation 3: Uplink PSD boosting with smaller granularity than 1 PRB can be used to improve capacity in coverage-limited scenarios.
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