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1 Introduction

This contribution considers the impact of various techniques for improving the BLER of PUSCH or of PDSCH transmissions for coverage limited Rel-13 low cost UEs (i.e. UEs requiring repetitions for the transmission of PUSCH or PDSCH to achieve a target BLER), thereby reducing the number of required repetitions, improving spectral efficiency, and reducing UE power consumption. 

For the PUSCH, the techniques are summarized in [1] and include:

· Inter-subframe channel estimation

· DMRS density increase

· Frequency hopping

· Using a shorter CRC

· Narrower transmission bandwidth than 1 RB

· Applying CDMA over multiples of repetitions

· Using a PUCCH structure

The first four techniques are also applicable for PDSCH transmissions.  

2 PUSCH Transmission
Figure 1 presents the PUSCH BLER for MCS5, transmission in 1 subframe over 1 RB, and the EPA 1Hz channel (for 1 Tx, 2 RX).
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Figure 1: PUSCH BLER for MCS5.

2.1 Cross-SF Channel Estimation
Figure 2 presents the PUSCH BLER with and without cross-SF channel estimation. The coverage enhancement (CE) gains are approximately 6, 12, and 18 dB relative to the nominal BLER in Figure 1. DMRS filtering is considered over 1 SF, 4 SFs, and 8 SFs (a frequency error of 10 Hz was applied – operation is assumed after AFC correction). A sliding window is assumed where 4 SFs or 8 SFs, whichever applicable, are first filtered (summation) prior to demodulation. As expected, the BLER gains from DMRS interpolation increase as the SINR decreases as, due to coherent demodulation, the DMRS SINR limits the overall SINR gain obtained from repetitions of data. For example, for DMRS filtering over 8 SF, the total effective SINR increases according to the number of repetitions for up to 8 repetitions but beyond 8 repetitions it begins to be limited by the effective DMRS SINR even though the effective data SINR continues to increase.
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Figure 2: PUSCH BLER for MCS5 with/out DMRS Interpolation.
There was practically no performance difference observed between using incremental redundancy (IR) and using chase combining (CC) – not shown in Figure 2. This is expected since at low SINRs and small TB sizes requiring low effective code rates, IR does not provide any gains over CC.

Observation 1: Improving channel estimation by DMRS filtering over multiple subframes can provide gains that exceed 2 dB for SINRs smaller than about -8 dB and the gains increase as the SINR decreases. 

Observation 2: For coverage enhanced operation, there is no meaningful performance difference between incremental redundancy and chase combining for HARQ retransmissions. 

2.2 DMRS Density Increase
Figure 3 presents the PUSCH BLER with and without cross-SF DMRS filtering, as described above, and with nominal DMRS density and with 2x nominal DMRS density (the additional RS is placed in the first symbol of each slot). The gains from doubling the DMRS density never exceed the gains from 8x SF filtering (or 4x SF filtering for 6 dB CE). With sufficient number of SFs for DMRS filtering, there is no gain from doubling the DMRS density even at SINRs around -16 dB where roughly same BLER is obtained. Although MCS5 was only considered, it is expected that the gains from doubling the DMRS density will be smaller/larger as the MCS becomes larger/smaller as a respective data code rate will increase as less subframe symbols become available for data transmission. Moreover, presence of SRS will further increase the data code rate and somewhat act against a 2x nominal DMRS density. 
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Figure 3: PUSCH BLER for MCS5 with/out DMRS Interpolation and with 1x/2x DMRS density.
As it is not preferable for a Rel-13 low cost UE to implement different transmitter structures depending on SINR and/or MCS and as increasing DMRS subframe symbols is not sufficient to offset the fewer data subframe symbols when multi-subframe DMRS filtering is also used, increasing DMRS density is not justified.  
Observation 3: Increasing the DMRS density is not beneficial when DMRS filtering over several subframes is applied. 

2.3 Frequency Hopping
Figure 4 presents the PUSCH BLER with and without frequency hopping (FH) and with DMRS filtering over 8 subframes for CE of 12 dB and 18 dB. At 10% BLER, FH can provide gains in the order of 1.5-2.0 dB and the gains increase for smaller BLERs as frequency diversity increases the slope of the BLER curve. The frequency hopping time unit was 4/8 subframes for CE levels of 12/18 dBs and maximal frequency separation was applied among groups of 6 RBs over 48 RBs for an UL BW of 50 RBs (10 MHz).
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Figure 4: PUSCH BLER for MCS5 with 8 SF DMRS Interpolation and with/out FH.
Observation 4: Frequency hopping, combined with multi-subframe DMRS filtering, provides SINR gains in the order of 1.5-2.0 dB at 10% BLER.

2.4 Narrowband Transmission
Figure 5 presents the PUSCH BLER for narrowband PUSCH transmission over 3 REs and for PUSCH transmission over 12 REs (1 RB) without FH and with DMRS filtering over 8 subframes. Power boosting of ~6 dB applies for PUSCH transmission over 3 REs. It is observed that having to estimate the channel over 3 REs, instead of 12 REs, with a DMRS power increased by 6 dB provides about 1/1.5 dB gain at around -10/-17 dB despite the DMRS filtering over 8 subframes in both cases.
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Figure 5: PUSCH BLER for MCS5 with 8 SF DMRS Interpolation and 3/12 REs BW Allocation.
Observation 5: Narrowband transmission can meaningfully improve BLER for coverage limited operation. The gains are most significant (~1.5 dB) when the number of required repetitions is largest (SINR is lowest). 

2.5 CDMA, PUCCH Structure, Shorter CRC
The techniques of applying CDMA to PUSCH repetitions, using a PUCCH structure to transmit data, or using a shorter CRC to improve performance were not simulated for this contribution.

CDMA is intended to improve spectral efficiency and may have a somewhat degrading effect on coverage depending on how well orthogonal transmissions are maintained. If the eNB can be expected to identify stationary UEs (Doppler estimation cannot be sufficiently relied upon and other means are needed), CDMA should fundamentally work without meaningful performance degradation. Assuming that CDMA is applied for UEs configured with same number of repetitions (same CE level), near-far effects should not be an issue (similar to RA preamble transmission). As CDMA application can be up to the eNB implementation and the impact on the UE implementation is trivial, CDMA can be supported to improve spectral efficiency.
Using PUCCH to transmit data can only be beneficial due to the additional RS that PUCCH structures have per slot relative to the PUSCH structure. Based on the results comparing multi-subframe DMRS filtering with increased DMRS structure, this benefit is not expected to hold. Moreover, similar to increasing the DMRS density, it is not preferable for a Rel-13 low cost UE to implement different transmitter structures. 

Decreasing CRC length can be beneficial especially for the lowest MCS. For example, using a linear approximation, a reduction of the CRC from 24 bits to 16 bits can provide a gain of about 1 dB for MCS0, 0.38 dB for MCS5, and 0.22 dB for MCS9. Obviously, decreasing the CRC length also increases the probability that the eNB will incorrectly determine that it successfully detected a data TB. Since the eNB is likely to use the number of PUSCH repetitions it required to detect a data TB to determine changes in the CE level for the UE, the eNB can attempt to detect a data TB in fewer PUSCH repetitions than the number of PUSCH repetitions configured to the UE. Nevertheless, decreasing the data CRC length to the same length as for DL DCI formats (i.e. 16 bits) should not affect eNB operation while providing some small gains in case PUSCH is transmitted with a low MCS (e.g. MCS5 or lower). This can be also combined with use of convolutional coding, instead of turbo coding, for total payloads (data+CRC) of less than approximately 100 bits for which even larger gains can be obtained from using convolutional codes over turbo codes.  
Observation 6: CDMA can improve spectral efficiency for Rel-13 low cost UEs while having minimal impact on UE implementation and its deployment can be optional. CRC length reduction can provide meaningful gains (
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 0.4 dB) for the lowest PUSCH MCS without materially affecting eNB operation and can be combined with use of convolutional codes to offer larger gains. Use of a PUCCH format to transmit data TBs is not needed when multi-subframe DMRS filtering is supported. 
2.6 Numbers of PUSCH Repetitions
The numbers of PUSCH repetitions for the various techniques and CE levels of 6 dB, 12 dB, and 18 dB, are provided in Table 1.
Table 1: Numbers of PUSCH Repetitions (10% BLER)
	CE Level
	Multi-SF        DMRS Filtering
	Frequency Hopping
	Narrowband Transmission
	Repetitions (multiples of 4)

	6
	1
	No
	No
	4

	12
	1
	No
	No
	32

	18
	1
	No
	No
	256

	6
	4
	No
	No
	4

	12
	8
	No
	No
	16

	18
	8
	No
	No
	100

	12
	4
	Yes
	No
	24

	18
	8
	Yes
	No
	64

	12
	4
	No
	Yes
	28

	18
	8
	No
	Yes
	64

	12
	4
	Yes
	Yes
	16

	18
	8
	Yes
	Yes
	32


2.7 PDSCH
Some of the techniques to improve coverage are equally applicable to PDSCH and PUSCH transmissions as they are related to the channel medium. Therefore, multi-subframe CRS/DMRS filtering to improve channel estimation as well as frequency hopping to provide diversity, particularly considering the existence of 1 Rx antenna, are also beneficial for PDSCH transmission (and for EPDCCH transmission) [2]. CRS and/or DMRS power (PSD) boosting can be used in the DL and, together with multi-subframe CRS/DMRS filtering, can provide PDSCH coverage enhancements (power boosting for data/RS in the DL has a similar functionality as narrowband PUSCH transmission). CDMA and CRC length reduction with convolutional coding can also apply for PDSCH transmissions. 
3 Conclusions

This contribution considered mechanisms to improve BLER for PUSCH coverage enhancements. Based on the analysis and results, the following are proposed for Rel-13 low cost UEs configured with PUSCH repetitions.

Proposal: Support the following for Rel-13 low cost UEs that are capable to operate with enhanced coverage
· RS filtering over multiple subframes 
· Frequency hopping beyond 6 contiguous RBs
· Narrowband PUSCH transmission
· CDMA 
· CRC length reduction from 24 bits to 16 bits and use of convolutional codes
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