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1. Introduction

This tdoc discusses requirements and FR1 LLS (link layer Simulation) assumptions for the NR coverage study defined in [1].
2. Requirements
This section describes some of the RAN1 requirements which should be agreed to which will focus and aid the study for effective coverage enhancement techniques.

2.1. Data Rate

It’s important that the data rate be set when studying coverage. From the justification section of the WID [1], the following information on data rates is provided:

· Urban scenario: DL 10Mbps, UL 1Mbps

· Rural scenario: DL 1Mbps, UL 100kbps

Since the justification sections of WIDs are not normative, RAN1 should make an agreement to study coverage based on these data rates:

Proposal 1:   For the Urban eMBB scenario, the data rates for coverage study shall be: DL 10Mbps, UL 1Mbps
Proposal 2:   For the Rural eMBB scenario, the data rates for coverage study shall be: DL 1Mbps, UL 100kbps

The WID does not provide any guidance on the data rates for voice. TR 36.750 [3], which is the result of the SID Study on enhancement of VoLTE [2] in Rel 14, studied the following data rates:

	EVS mode
	Transport Block Size 
	Target BLER

	7.2 kbps WB
	208
	1%

	8 kbps WB 
	224
	1%

	9.6 kbps WB 
	256
	1%

	13.2 kbps WB Channel Aware (Ch-Aw) mode
	328
	6%


Note: TBS does not include BSR or PHR.

The highest data rate studied was 13.2kbps and the lowest was 7.2kbps but most of the coverage study was done using the lowest data rate of 7.2 kbps so the following proposal is made:

Proposal 3:   For the voice scenario, UL and DL data rates for study shall include 7.2 kbps and 13.2 kbps. 
2.2. Latency
For the eMBB urban and rural use cases, the WID [1] does not provide any guidance on latency. A strict requirement of latency for the eMBB use case is not needed but latency can be used as a performance criterion when evaluating solutions.

For the voice use case, again the WID does not provide any guidance, but a maximum latency for study should be agreed to. In TR 36.750 [3], the following was observed:

VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. As an example, if the delay budget is extended to 100ms, about 1~3dB coverage gain can be achieved compared with 50ms delay budget for full duplex UEs.

Given the coverage advantage of extending the latency from 50ms to 100ms, it is proposed that:
Proposal 4:   For the study of coverage for the voice scenario, a maximum one-way latency of 100ms can be assumed.
2.3. Spectral efficiency and Maximum repeats
Coverage gain at the expense of spectral efficiency should be avoided if possible. Repetition and small TBS with low code rates are example of techniques which drastically reduce spectral efficiency and should be avoided if possible. The Rel 15 NR specification already supports PUSCH repeats up to 8 which at a TBS of 888 bits and 10% BLER provide the required 100kbps for the Rural scenario. The figure below shows the LLS result for repeats [8 16] and TBS [888 and 1800] which correspond 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
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.

Proposal 5:   For the eMBB use cases,  there is no need to study increasing repetition for the PUSCH or PDSCH

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.

Proposal 6:   For voice use cases, the maximum number of repeats to study should be 16 for the PDSCH and PUSCH. 

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.  

Proposal 7:   The maximum number of repeats to study for control channels shall be 16.

3. Simulation assumptions

Channels

To reduce simulation effort the number of channels and dopplers for each scenario should be limited as much as possible. In general, the simulation assumptions from the ITU study [4] can be re-used as much as possible thus the following channels are proposed:
Proposal 8:   LLS Channels 

eMBB Rural and Urban Scenarios

· Channel = TDL-C
· UE speed = 3km/h 

Voice scenario

· Channel = TDL-C 37ns
· UE speed = 3km/h, 30km/h, 100km/h
System

Similar to channels, one system configuration should be chosen to limit simulation efforts. In general, the simulation assumptions from the ITU study [4] can be re-used as much as possible thus the following channels are proposed: 

Proposal 9:   System Parameters:

· System Bandwidth =  20 MHz

· Carrier frequency  = 700MHz FDD, 4GHz TDD (configuration FFS)
· UE Rx Antennae = 2
· UE TX Antennae = 1

· gNB RX Antennae = 16
· gNR TX Antennae = FFS
Target BLER

The following target BLERs are proposed:

Proposal 10:   Target BLER 

· Control channels = 1 % BLER

· Data channels

· eMBB scenarios = 10% BLER and optionally 40% BLER
Note: in LTE-M/NB-IOT it was found that operating at high BLER target with HARQ  improved UE data rates and system spectral efficiency.
· Voice scenario = 1% BLER

Data Channel Baseline
A configuration which provides the best coverage performance while still providing the data rate and latency should be used as the base line.  The following are the proposed PUSCH baseline configurations:

Proposal 11:   PUSCH common baseline configuration for all scenarios:

· SCS = 15 kHz at 700MHz, 30 kHz at 4 GHz
· Freq Hop = inter-slot with 10MHz hop offset

· Modulation = QPSK 

· Non-code book

· Transform Pre-coding – yes DFT-s-OFDM
· DMRS configuration – 2 DRMS symbols per slot

· Phase tracking RS – none 

· Channel estimation - Realistic including cross slot channel estimation 

· Residual CFO  - uniform random between -30 Hz and +30 Hz (used in eMTC and NB-IOT)
· Symbol Timing -  Ideal 
Proposal 12:   eMBB Rural PUSCH baseline configuration

· Aggregation Factor (i.e. repeats)=8
· TBS = 888  (yields 100kbps  at 10% BLER)
· NPRB = 2

· With and without HARQ
Proposal 13:   eMBB Urban PUSCH baseline configuration

· Aggregation Factor (i.e. repeats)=8

· TBS = 8888  (yields 1Mbps  at 10% BLER)

· NPRB = 20
· With and without HARQ
Proposal 14:   Voice PUSCH baseline configuration

· Aggregation Factor (i.e. repeats)=8

· TBS = 208  (TBS for 7.2 kbps WB)

· NPRB = 1

· With and without HARQ
Baseline configuration for other channels is FFS.

4. Conclusions

Proposal 15:   For the Urban eMBB scenario, the data rates for coverage study shall be: DL 10Mbps, UL 1Mbps
Proposal 16:   For the Rural eMBB scenario, the data rates for coverage study shall be: DL 1Mbps, UL 100kbps

Proposal 17:   For the voice scenario, UL and DL data rates for study shall include 7.2 kbps and 13.2 kbps. 

Proposal 18:   For the study of coverage for the voice scenario, a maximum one-way latency of 100ms can be assumed.
Proposal 19:   For the eMBB use cases,  there is no need to study increasing repetition for the PUSCH or PDSCH

Proposal 20:   For voice use cases, the maximum number of repeats to study should be 16 for the PDSCH and PUSCH. 

Proposal 21:   The maximum number of repeats to study for control channels shall be 16.

Proposal 22:   LLS Channels 

eMBB Rural and Urban Scenarios

· Channel = TDL-C
· UE speed = 3km/h 

Voice scenario

· Channel = TDL-C 37ns
· UE speed = 3km/h, 30km/h, 100km/h 

Proposal 23:   System Parameters:

· System Bandwidth =  20 MHz

· Carrier frequency  = 700MHz FDD, 4GHz TDD (configuration FFS)
· UE Rx Antennae = 2

· UE TX Antennae = 1

· gNB RX Antennae = 16
· gNR TX Antennae = FFS
Proposal 24:   Target BLER 

· Control channels = 1 % BLER

· Data channels

· eMBB scenarios = 10% BLER and optionally 40% BLER

· Voice scenario = 1% BLER

Proposal 25:   PUSCH common baseline configuration for all scenarios:

· SCS = 15 kHz at 700MHz, 30 kHz at 4 GHz
· Freq Hop = inter-slot with 10MHz hop offset

· Modulation = QPSK 

· Non-code book

· Transform Pre-coding – yes DFT-s-OFDM
· DMRS configuration – 2 DRMS symbols per slot

· Phase tracking RS – none 

· Channel estimation - Realistic including cross slot channel estimation 

· Residual CFO  - uniform random between -30 Hz and +30 Hz (used in eMTC and NB-IOT)
· Symbol Timing -  Ideal 
Proposal 26:   eMBB Rural PUSCH baseline configuration

· Aggregation Factor (i.e. repeats)=8

· TBS = 888  (yields 100kbps  at 10% BLER)

· NPRB = 2

· With and without HARQ
Proposal 27:   eMBB Urban PUSCH baseline configuration

· Aggregation Factor (i.e. repeats)=8

· TBS = 8888  (yields 1Mbps  at 10% BLER)

· NPRB = 20

· With and without HARQ

Proposal 28:   Voice PUSCH baseline configuration

· Aggregation Factor (i.e. repeats)=8

· TBS = 208  (TBS for 7.2 kbps WB)

· NPRB = 1

· With and without HARQ
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	System bandwidth
	20 MHz

	Configuration 
	FDD

	Carrier frequency
	700MHz

	Antenna configuration
	1x64

	Channel model
	TDL-C 37ns  2Hz

	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


