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1 Introduction
This contribution contains high level PUSCH simulation assumptions for PUSCH link-level performance evaluations. This document can be used by companies as guidance so that comparable simulation results can be collected at RAN1#80. This document is not intended to replace [1] R1-144513 but to be used as further refinement of simulation assumptions for various PUSCH coverage enhancement techniques. 
2 High Level PUSCH Simulation Assumptions 

Beyond R1-144513, the following subset of simulation assumptions PUSCH link layer performance evaluation is recommended to be used:

   EPA 1Hz (optional ETU 30Hz)
   MCS5
PUSCH with 1-ms TTI and 1-PRB resource allocation will be assumed or otherwise stated.

For TDD, configuration 1 is assumed.
PUSCH simulations should determine the # of repetitions required to reach coverage gains (except for baseline case).

The simulations assume that the UE has a maximum transmit power of 20 dBm.

Many of the outlined coverage enhancement techniques can be combined. This document outlines only some of these combinations but companies are encouraged to evaluate other combinations.
For channel estimation, one estimate should be used for all 12 subcarriers in the PRB (i.e. no frequency dependent channel estimations should be used).   
The following simulation details should be specified by companies submitting results:

· If incremental redundancy or chase combining is used 

· If symbol level combining before demodulation or  LLR(log likelihood ratio) combining after demodulation

· Retune/switching time for frequency hopping

2.1 PUSCH Baseline Simulation Assumptions 

Required coverage gain: 0 dB i.e. no additional coverage gain.
Cross-SF Channel Estimation: 1 SF

# Repetitions = 1 (i.e. 1 SF transmission) 
No additional coverage enhancement techniques. 
The above simulation assumptions should be used as the baseline to calculate the required coverage gain for each of the PUSCH coverage enhancement techniques outlined below.

Companies should provide the resulting SINR for this baseline. 

2.2 Cross SF Channel Estimation

Required coverage gain: 6, 12, 18 dB

Cross-SF Channel Estimation: 1, 4, 8 SF

Sliding average FIR filter implementation is assumed for cross-SF channel estimation. How cross SF channel estimation is performed should be clarified.
For example, this would produce such a table of results:
	Required Gain
	Cross-SF

 Ch. Est.
	Required Repetitions

	6
	1
	X

	12
	1
	X

	18
	1
	X

	6
	4
	X

	12
	4
	X

	18
	4
	X

	6
	8
	X

	12
	8
	X

	18
	8
	X


2.3 DMRS Density Increase
Required coverage gain: 6, 12, 18 dB

Cross-SF Channel Estimation: 1, 4, 8 SF

DMRS Density Increase: 1X, 2X, Optional 4X

Uniformly-spaced DMRS within each subframe is assumed. Other DMRS patterns can be simulated but should be documented.
2.4 Narrow band transmission (or PSD Boosting)

Required coverage gain: 6, 12, 18 dB

Cross-SF Channel Estimation: 1, 4, 8 SF

DMRS Density Increase: 1X, 2X

Subs-carriers per PRB: 1, 3, 6 Subs-carriers 
Note: the number of repetition reported for this section should be the # of subframes transmitted. The required SINR is 10log(12/(sub-carriers per PRB)) higher compared to other techniques to achieve the same coverage gain. It is recommend to not lower the coding rate from the baseline so the number of # TTI bundles >= 12/(sub-carriers per PRB). Companies should clarify how the PUSCH redundancy versions have been applied.
2.5 Frequency Hopping
Required coverage gain: 6, 12, 18 dB

Cross-SF Channel Estimation: 1, 4, 8 SF

DMRS Density Increase: 1X, (optional) 2X

Frequency Hopping options: 

· hopping frequency N= 1, 4,8, 16  SF
· hopping distance = within 6PRB, outside 6PRB

No cross-subframe estimation across frequency hops is assumed.

The “# of repeats” reported should not include any subframes used for retuning/switching.

2.6 CDMA

Required coverage gain: 6, 12, 18 dB

Cross-SF Channel Estimation: 1, 4, 8 SF

DMRS Density Increase: 1X, (optional) 2X

CDMA options:  4 subframes as OCC length
“Near-Far” effects should be simulated.
2.7 PUCCH structure

Required coverage gain: 6, 12, 18 dB

Cross-SF Channel Estimation: 1, 4, 8 SF

DMRS Density Increase: 1X
For comparison purposes, the same number of bits after Turbo coding should be transmitted as would be for MCS5 (72 bits).
PUCCH format 2 or 3 is assumed.

“Near-Far” effects should be simulated.

2.8 Shorter CRC
Required coverage gain: 6, 12, 18 dB

Cross-SF Channel Estimation: 1, 4, 8 SF

DMRS Density Increase: 1X

CRC Lengths (bits): 8, 16, 24
Simulations should also study the performance across larger MCS’s (i.e. larger than MCS5) and false detection probability. 
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