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Introduction
At RAN4 #95-e, UE and BS demodulation requirements for the WI on Additional enhancements for NB-IoT [1] were further discussed. In the WF [2], the following agreements on BS demodulation requirements for the Multi-TB scheduling enhancement are reflected. 
	NPUSCH format 1 performance requirements
· Define NPUSCH format 1 performance requirements with multi-TB scheduled transmission by using the following simulation assumptions.
	Parameters
	Value

	Number of tones
	12

	SCS
	15kHz

	Antenna configuration
	1T2R

	Channel model
	ETU 1Hz

	Frequency error
	0Hz

	Timing error
	0μs

	Performance target
	SNR@ 70% of maximum throughput

	NRU
	5

	Repetition number
	64

	HARQ process
	2

	Transmission mode
	Interleaved

	TB size
	424


 
· Interested companies are welcome to provide simulation results in the next meeting


This contribution provides further detail on the simulation assumptions and simulation results for the above depicted simulation scenario. It is the revision of R4-2011504 with marked updates.
Discussion
In this section further simulation assumptions in addition to the table in section 1 are given and simulation results are reported. 

Further simulation assumptions
Following additional simulation assumptions in Table 1 were used. 
	Parameters
	Value
	Description

	Duplex scheme
	FDD
	Frame structure 1 is used.

	Transmission gap duration

	40 ms
	TS 36.211, subclause 10.1.3.6 specifies a transmission gap duration of 40 ms to be inserted after a transmission of maximum 256 ms for NPUSCH.

	DCI scheduling
	Single DCI
	For interleaved / non-interleaved mode: both transport blocks are scheduled with single DCI with Rv 0 for initial transmission and each of HARQ retransmissions.

	RX impairments
	no
	Ideal simulation results for alignment.

	Simulated time 
	1400 s
	Corresponds to 959 simulated TBs.


Table 1: Further simulation assumptions for NPUSCH format 1 for Multi-TB transmission.
Figure 1 below provides an illustration of the initial transmission for both non-interleaved and interleaved NPUSCH Multi-TB transmission. 
[image: ]
Figure 1: Initial transmission for both non-interleaved and interleaved NPUSCH Multi-TB transmission.
With non-interleaved transmission, both TBs have a transmit duration of 360 ms, whilst with interleaved transmission, it is extended to 700 ms for both.

Simulation results
Simulation results without impairments are reported in Table 2 below.
	SNR@70% of maximum throughput (dB)
	Gain (dB)

	Interleaved
	Non-interleaved
	

	-16.53
	-16.04
	0.49


Table 2: Simulation results for NPUSCH format 1 for Multi-TB transmission.
The following observation is made:
	For interleaved multi-TB transmission, the gain versus non-interleaved transmission is 0.49 dB. 
Conclusion
This contribution has evaluated NPUSCH format 1 performance for the Multi-TB scheduling enhancement using simulation assumptions according to the agreed WF [2]. 
The following observation is made:
1. 	For interleaved multi-TB transmission, the gain versus non-interleaved transmission is 0.49 dB. 
References
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NPUSCH format 1 performance requirements      Define NPUSCH format 1 performance requirements with multi - TB scheduled transmission by using the  following simulation assumptions.  

Parameters  Value  

Number of tones  1 2  

SCS  15kHz  

Antenna configuration  1T2R  

Channel model  ETU 1Hz  

Frequency error  0Hz  

Timing error  0μs  

Performance target  SNR@ 70% of maximum throughput  

NRU  5  

Repetition number  64  

HARQ process  2  

Transmission mode  Interleaved  

TB size  424  

       Interested companies are welcome to provide simulation results in the next meeting  
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