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Introduction
This tdoc discusses possible new techniques for NR coverage enhancements including:
Increased Repetition
RV repetition
Interleaving and increased time diversity
Lower PAPR techniques (Sub-PRB)
Enhanced frequency hopping
Enhanced channel estimation

Repetition
For LPWA technologies, repetition has proven to be a good technique to increase coverage but at the expense of dramatically lowering the data rate and dramatically reducing spectral efficiency. The Rel 15 NR specification already supports PDSCH and PUSCH repeats up to 8 which at a TBS of 888 bits and 10% BLER provides the required 100kbps for the rural scenario. The figure below shows the LLS result for repeats [8 and 16] and TBS [888 and 1800] which corresponds to a data rate of 100kbps at 10% BLER (detailed simulation assumptions are in appendix A):
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Figure 1: LLS Result for Repeats=8 and Repeats=16 for Data Rate=100kbps

[bookmark: _Hlk40434925]As seen from the above figure, 16 repeats does not provide coverage gain compared to 8 repeats. This is expected since the energy per bit is the same and the data rate is kept constant at 100kbps. In fact, there is a small loss in coverage with 16 repeats. This is due to the loss of coding gain when using the larger TBS = 1800 since a higher code rate is needed. Some of this loss is recovered at Fdop=25Hz and 50Hz due to the increase in time diversity with 16 repeats but this is not enough to make up for the code gain loss. Another factor not shown in the graph is that with the larger TBS = 1800, the PDCP, MAC, and CRC overhead is reduced but this is a very small gain since TBS=888 bits is already large enough to make this overhead small by percentage. In summary, there is no substantial advantage in studying repeats higher than 8 for the eMBB use case.
For the eMBB use cases, there is no need to study increasing repetition for the PUSCH or PDSCH

[bookmark: _Hlk40434961][bookmark: _Hlk40435008]Since the data rate for voice is much lower, a larger number of repeats could provide improved coverage but as the WID states [1] 
“LPWA services and scenarios are not included”
Thus 3GPP should not study repeats similar to LTE-M and NB-IOT. LTE-M uses a maximum of 32 repeats for CE mode A which is largely commercialized so less than 32 repeats should be studied.  Also, since HARQ can still be used for PDSCH and PUSCH errors to provide further coverage gain, there is little reason to study repeats above 16.
For voice use cases, the maximum number of repeats to study shall be 16 for the PDSCH and PUSCH. 

[bookmark: _Hlk40435090]It’s important that all the channels provide a balanced coverage and that the control channels are reliable (i.e. can provide 1% error rates) at the largest MCL the data channels can support. NR already supports repetition on some control channels e.g. PUCCH and SRS. If  repetition can be increased or added to control channel to provide balanced coverage as needed but not to the extent of LTE-M, then again 16 repeats is a reasonable maximum to study. 
The maximum number of repeats to study for control channels shall be 16.
RV repetition
RV repetition is where the same RV is repeated for e.g. 4 slots before moving to the next RV. This helps the receiver perform timing and frequency tracking. For example, the UE can calculate a phase rotation between two slots using all data REs vs just using CRS. RV repetition is specified for NB-IOT and LTE CE mode B. It is not specified for CE mode A because frequency and symbol time tracking is not as big a problem at higher SNRs and RV repetition is not as useful with smaller repetitions.  This technique could be used for NR even with small number of repeats where RV’s could be repeated as:
	4 repetitions –  RV 0,2,3,1 (no RV repetition)
	8 repetitions -   RV 0,0,2,2,3,3,1,1
	16 repetitions – RV 0,0,0,0,2,2,2,2,3,3,3,3,1,1,1,1
Study RV repetition as a technique for coverage enhancement
Interleaving and increased time diversity
In Rel 16, LTE-M and NB-IOT specified support for interleaving of transport blocks where Qualcomm [2], Huawei/HiSilicon[3], and Sierra Wireless [4] found coverage gains between 2-5 dB using interleaved TBs. Importantly, this coverage gain occurs without decreasing spectral efficiency or data rate. These gains may or may not occur in NR because NR supports larger TB sizes and supports selective HARQ but given the gain can be large, it’s worth studying.
Study TB interleaving and other time diversity techniques for coverage enhancement
Lower PAPR Signal via Sub-PRB
LTE-M and NB-IOT both support a near zero PAPR modulation schemes using the sub-PRB technique (2 tone DTF-spread for LTE-M and single tone for NB-IOT). The zero PAPR sub-PRB based modulation doesn’t increase coverage directly but instead allows the PA to transmit at a higher power e.g. a UE can transmit up to 3dB higher power for a zero PAPR signal vs a full PRB transmission. This technique also drastically increases spectral efficiency. Unfortunately, the technique results in lower data rates. For example:  
	2 Tone DFT Spread (LTE-M) =  22.25 kbps 
Single Tone  (NB-IOT) 	  =  10.85 kbps (not including scheduling delays)
These lower data rates are not fast enough to support the eMBB use cases but can be fast enough to support some voice codec rates. 
Study lower PAPR modulation schemes, such as Sub-PRB, as a technique for coverage enhancement for at least voice use cases
Enhanced Frequency Hopping
Frequency hopping is one of the techniques to improve PUSCH reliability by improving frequency diversity. Thus, a
more flexible way of frequency hopping can be studied to provide better performance. 
Enhanced frequency hopping should be studied as a technique for coverage enhancement
Enhanced Channel Estimation
Channel estimation can greatly affect the performance, especially at low SNR where it is more difficult to obtain a good channel estimate. So enhanced techniques to improve channel estimation can be studied. 
[bookmark: _Hlk47695713]Techniques to improve channel estimation should be studied 
Conclusions
1. For the eMBB use cases, there is no need to study increasing repetition for the PUSCH or PDSCH
For voice use cases, the maximum number of repeats to study shall be 16 for the PDSCH and PUSCH. 
The maximum number of repeats to study for control channels shall be 16.
Study RV repetition as a technique for coverage enhancement
Study TB interleaving as a technique for coverage enhancement
Study lower PAPR modulation schemes, such as Sub-PRB, as a technique for coverage enhancement for at least voice use cases
Enhanced frequency hopping should be studied as a technique for coverage enhancement
Techniques to improve channel estimation should be studied 
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	System bandwidth
	20 MHz

	Configuration 
	FDD

	Carrier frequency
	700MHz

	Antenna configuration
	NA

	RX Antenna ports
	2

	Channel model
	TDL-C 37ns

	Doppler frequency
	2, 25, 50, 100 Hz

	Number of PRBs
	4

	Frequency tracking error
	0Hz

	Channel Estimation
	Perfect

	Frequency Hopping
	None

	DMRS Configuration
	2 DMRS per slot

	Transform Pre-coding
	No

	SCS
	15 kHz

	Modulation
	QPSK

	TBS
	888 and 1800 bits

	Repeats 
	8 and 16
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