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[bookmark: _Ref513464071]Introduction
In RAN#86, a new SI on reduced capability NR devices was approved [1]. The objective of the SI is to:
· Identify and study potential UE complexity reduction features
· Study UE power saving and battery lifetime enhancement for reduced capability UEs
· Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
The SI identified several use cases and generic requirements for these use cases as follows:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

This contribution discusses potential techniques for coverage recovery.
Coverage recovery
[bookmark: _Ref40447147]Coverage recovery mechanisms
Techniques to reduce UE complexity such as reducing the number of antennas or limiting the transmit power would reduce the coverage of the physical channels.
Some possible mechanisms to consider for mitigating or limiting the loss in coverage may be listed as follows:
· Time domain extension: By extending the transmission time, coverage may be improved by enabling the receiver to collect more energy. This can be achieved by slot aggregation jointly used with HARQ. In NR, slot aggregation is supported for both PDSCH and PUSCH. For PDCCH, PUCCH, PRACH, and PBCH, repetition can be considered.
· Frequency domain extension: It is expected that the maximum bandwidth supported by reduced capability devices will be less than the maximum bandwidth of NR UEs. Especially for industrial wireless sensors, the transmission bandwidth will be much smaller. In a smaller bandwidth, frequency diversity is expected to be very limited, impacting the performance of almost all channels. 
One option that should be considered is to enable hopping between narrow bands which can be useful for load balancing. The impact of frequency retuning time of should be considered for this approach.
· Power boosting: Power boosting can be considered in the DL.

· PA efficiency: Utilizing a waveform with reduced PAPR would result in less power backoff and improved coverage. NR already supports DFT-s-OFDM in the uplink and the PUCCH format 1 sequences were optimized for low PAPR. PA efficiency may be improved with various implementation specific methods such as envelope tracking.

· Channel estimation: Increasing RS density and RS power, and channel estimation over multiple slots would help attain better channel estimates, and therefore improve coverage.

· Low rate coding and lower order modulation: Coverage can be improved by utilizing low rate coding and lower order modulation. Shorter CRC can also be considered.

· Compact DCI: The coverage of the PDCCH can be improved by defining new DCI formats with smaller number of payload bits.

In the next section, we present some simulation results to show the impact of repetition on PDSCH when the number of receive antennas is reduced to 1 from 4.

Simulation Results
Simulations are presented in this section to evaluate the impact of repetitions on coverage. The simulation assumptions can be found in the Appendix. In the simulations the following two methods are evaluated:

Method 1: Repetition with early stop: UE feeds back an ACK when the transmission is successful.
Method 2: Slot aggregation with HARQ where aggregation factor is set to 4.

Figure 2‑1 shows the BLER for the (4,4) and (4,1) antenna configurations without repetition and (4,1) antenna configuration with 8, 16, and 32 repetitions. We can see from the figure that when the number of receive antennas is reduced from 4 to 1, a loss of more than 10 dB is observed at a BLER of 0.1. This loss can be compensated by introducing repetitions. 16 repetitions seem to mitigate the loss completely at the same BLER level. 
Figure 2‑2 illustrates the throughput of Method 1. We can see from the figure that at low SNR, the loss in throughout is significant and it gets smaller as SNR increases. 
Figure 2‑3 shows the throughput of Method 2. We can see that the performance of this method is worse than Method 1 because the number of repetitions is always 4, or multiples of 4; so the UE has to wait for at least 4 slots for the transmission to end. The throughput can be improved by using a smaller aggregation factor such as 2.
From these results, we can see that repetition is an effective method to compensate for coverage loss in reduced capability devices, at the expense of throughput loss.
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[bookmark: _Ref40444989]Figure 2‑1 BLER with and without repetitions
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[bookmark: _Ref40445453]Figure 2‑2 Throughput of repetition with early stop
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[bookmark: _Ref40445783]Figure 2‑3 Throughput of slot aggregation with HARQ

Conclusion
This contribution has discussed potential techniques for coverage recovery for reduced capability devices. Since repetition was the main coverage enhancement mechanism for LTE MTC, it is natural to consider it for reduced capability devices as the baseline method. Simulation results have shown the effectiveness of this method. 
Proposal 1: Repetition is the baseline method for coverage recovery in reduced capability devices.

In addition to repetition, other methods discussed in Section 2.1 should also be considered and the most promising ones studied further. Among these, new PDCCH and/or DCI formats along with improved channel estimation capability seem to be good candidates for coverage recovery. Retuning from one narrow band to another can also be considered since it may be useful for load balancing and possibly frequency diversity.
Proposal 2: The following methods should be considered for further study for coverage recovery in reduced capability devices:
· Compact DCI
· Low rate coding and lower order modulation
· Improved channel estimation
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Appendix

Table 1 Simulation assumptions
	Frequency region
	FR1

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	Bandwidth
	5 MHz

	RB allocation
	6 RBs

	Antenna configuration
	(4,1) and (4,4) : 4 at the Tx; and 1,4 at the Rx

	Precoding
	Fixed

	Channel estimation
	Realistic, over 1 slot

	Channel model
	TDL-A
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