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1. Introduction
This tdoc discusses which baseline configurations should be used to evaluate the benefit of future potential solutions. It also includes PUSCH LLS results for the FR1 eMBB Rural use case targeting 100kbps:

· With and without repeats

· With and without Frequency Hopping

· With and without HARQ

LLS evaluations were done to determine which configuration provides the best coverage. 
NOTE: Two Rx antenna ports are assumed for all LLS and no antenna array gain is assumed. MIL, MCL and MPL can be calculated based on the SNR. 
2. Choice of Baseline Configuration
In RAN#101e and RAN1#102e, the following eMBB PUSCH simulation assumptions for the baseline configuration were agreed: 

· BWP:


20MHz (optional for 10MHz) for 700MHz. (FDD)
· Frequency hopping:

w/ or w/o Intra-slot frequency hopping for PUSCH

· Waveform for PUSCH:

DFT-s-OFDM, CP-OFDM (optional)

· Repetitions for PUSCH:
For eMBB,  w/o repetition as baseline, w/ repetition (optional).  

The actual number of repetitions is reported by companies.

· HARQ config for PUSCH:
For eMBB, whether HARQ is adopted is reported by companies. 

· PRBs/TBS/MCS for PUSCH
Any value of PRBs, and corresponding MCS index, reported by companies. 

· DMRS configuration
For 120km/h, (Optional: 30km/h): Type I, 2 or 3 DMRS symbol
For frequency hopping: Type I, 1 or 2 DMRS symbol
For 3km/h: Type I, 1 or 2 DMRS symbol
· Number of TxRUs for BS
gNB modelling in LLS for TDL: 2 or 4 gNB receive chains in LLS. 

Although several simulation parameters have been agreed last meeting, unfortunately many of the configurations are optional or have many choices such as # of TxRUs, DMRS config, TBS/PRB, repeats, waveform, BWP, frequency hopping, and HARQ.  
Observation 1: There are many options and choices for baseline configurations which can dramatically affect coverage performance.

When we get to the point of evaluating new coverage enhancement techniques, it will be important to evaluate the benefit (i.e. the coverage improvement vs baseline) vs the cost (i.e. the added complexity).  To be able to do this analysis truthfully, the baseline configuration should be the best performing Rel 16 configuration which the current NR specification can support.

Proposal 1:   The baseline configuration should be the Rel 16 configurations which provides the best coverage performance. 

Given this objective, the remainder of this tdoc contains LLS results of several PUSCH configurations in a search to determine which configuration provides the best performance (detailed simulation assumptions are in Appendix A). 
3. Repetitions
Based on agreements, it is up to companies whether to evaluate with repetitions or not and if so what values of repetition to use. All possible repetition values were evaluated where the TBS was chosen to ensure the data rate was kept at 100kbps. The table below shows the LLS results:
	# of repeats
	TBS
	SNR (dB)

	16
	1800
	-2.2

	8
	888
	-4.0

	4
	456
	-4.2

	2
	224
	-4.0

	1 (no repeats)
	112
	-3.8


Table 1: LLS Results for Repetition
As seen from the above table, using 4 or 8 repeats provides only a small SNR gain vs no repeats when the data rate is maintained. The 16 repeats cases degraded because the coding rate increases to 0.39. 
Proposal 2:   The rural PUSCH baseline configuration should use an aggregation factor (i.e. repeats) of 4 or 8
4. Frequency Hopping
To determine how much gain frequency hopping will provide, PUSCH LLS were conducted for both inter-slot and intra-slot frequency hopping when the number of repeats is 4. The following table shows the frequency diversity gains at the 10% iBLER when inter-slot and intra-slot frequency hopping is enabled:
	Scenario
	SNR (dB)

	FH Disabled 
	-4.2

	Inter-slot FH 
	-5.25

	Intra-slot FH
	-4.5


Table 2: LLS Results for Frequency Hopping with 8 repeats
As seen from the above table, inter-slot FH notably improved performance compared to no frequency hopping thus the following proposal is made: 

Proposal 3:   The rural PUSCH baseline configuration should use inter-slot frequency hopping.
5. HARQ
To determine how much gain HARQ will provide, PUSCH LLS were conducted with a max retransmission cycle of 4 and configured with repeats=4 and inter-slot frequency hopping enabled. Although 10% iBLER was agreed for HARQ, LLS simulations at higher iBLER were also performed to see if it provides improved performance. The TBS was chosen such that the resulting data rate was 100kbps. The following table shows the TBS and SNR at 100 kbps data rate when HARQ is enabled:

	Scenario
	SNR (dB)
	rBLER

	HARQ Disabled TBS=456
	-5.25
	NA

	HARQ w/ iBLER=10% & TBS=456
	-5.3
	<1%

	HARQ w/ iBLER=33% & TBS=600
	-6.0
	<1%


Table 3: LLS Results for HARQ 
The following observations can be made from the above results:

Observation 2: HARQ with a 10% iBLER target provides little gain over non-HARQ

Observation 3: HARQ with a 33% iBLER target provides 0.75dB gain over non-HARQ
Although 10% iBLER was agreed last meeting, we suggest the baseline configuration should be allowed to use a higher iBLER %, as the baseline should have the best performance that the current standards support in order to best evaluate further improvements.
Proposal 4:   The rural PUSCH baseline configuration should be with HARQ enabled and without restrictions on iBLER
6. Channel Estimation
There have been no agreements yet on channel estimation configuration, so in this tdoc perfect channel estimation was used, but channel estimation can greatly affect the performance. This is especially true at lower SNRs where getting a good channel estimation is more challenging. There are known techniques to improve channel estimation such as frequency averaging and time averaging (also called cross SF channel estimation). If there are techniques which improve the ability for the UE to perform channel estimation, it will be difficult to evaluate that improvement if the baseline configuration does not include some form of practical channel estimation. It is therefore proposed:
Proposal 5:   The rural PUSCH baseline configuration should be with practical channel estimation 

· FFS: on configuration details (e.g. maximum time and frequency averaging) 

7. Conclusions
Observation 4: There are many options and choices for baseline configurations which can dramatically affect coverage performance.

Proposal 6:   The baseline configuration should be the Rel 16 configurations which provides the best coverage performance. 

Proposal 7:   The rural PUSCH baseline configuration should use an aggregation factor (i.e. repeats) of 4 or 8

Proposal 8:   The rural PUSCH baseline configuration should use inter-slot frequency hopping.

Observation 5: HARQ with a 10% iBLER target provides little gain over non-HARQ

Observation 6: HARQ with a 33% iBLER target provides 0.75dB gain over non-HARQ

Proposal 9:   The rural PUSCH baseline configuration should be with HARQ enabled and without restrictions on iBLER

Proposal 10:   The rural PUSCH baseline configuration should be with practical channel estimation 

· FFS: on configuration details (e.g. maximum time and frequency averaging) 
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	iBLER Target
	10%

	System bandwidth
	20 MHz

	Configuration 
	FDD

	Carrier frequency
	700MHz

	Antenna configuration
	NA

	RX Antenna ports (i.e. RF chains)
	K=2

	Channel model
	TDL-C 300ns  2Hz

	Number of PRBs
	4

	Frequency tracking error
	0Hz

	Channel estimation
	Perfect

	Frequency Hopping
	Inter-slot and Intra-slot at 10MHz

	Max. Retransmission Cycle
	4

	DMRS Configuration
	2 DMRS per slot

	Transform Pre-coding
	Yes

	SCS
	15 kHz

	Modulation
	QPSK

	TBS
	As specified

	Repeats 
	1, 2, 4, 8 and 16


