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Background
WI of Rel-17 additional enhancements of NB-IOT has been almost closed from RAN 1’s part and it’s time for RAN 4 to define the corresponding performance requirements. In this paper, we give our summary of RAN 1’s feature on additional enhancements of NB-IOT firstly and provide our discussions on how to define the corresponding BS performance requirements.
Summary of RAN 1’s feature
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]The summary of RAN 1’s feature of additional enhancement of NB-IOT for BS side has been included in Table 1:
Table 1: Summary of RAN 1’s feature of additional enhancement of NB-IOT
	RAN 1 feature 
	RAN 1 sub-feature 
	Description 
	Impact on RAN 4 performance requirements

	Introduce 16 QAM for unicast in UL for NB-IOT
	New modulation order
	· Introduce 16QAM for unicast UL link 
	· NPUSCH format 1 with16QAM should be verified 

	
	TBS design
	· For uplink, TBS table defined in clause 16.4.1.5.1 of TS 36.213 is extended with additional rows (Row 14~21) are used for 16QAM/ without increasing of maximum TBS
	· No impact since no new TBS is introduced

	
	DCI design
	· Reserved state “1111” in the “Modulation and coding scheme” field in DCI Format N0 is utilized to indicate the use of 16QAM.
· The “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices (i.e., I_TBS indices from 14 to 21) for 16-QAM in UL.
	· No impact since there is no change of NPDCCH structure

	
	Uplink Power control
	· In order to increase the coverage, RAN 1 agree to introduce parameter with function of spectrum efficiency following the same way of LTE to the current power control formula
	· No impact since it belongs to power control part

	
	Others
	· Repetition is not used for 16-QAM in uplink.
· 16QAM can be used at least for multi-tone transmission with 12 subcarriers,3 subcarriers.
· Support 16-QAM for multi-TB scheduling.
· Support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· 16-QAM can be enabled/disabled by UE specific RRC signaling for NPDSCH and NPUSCH separately

	· PUSCH repetition is not configured in the test
· Multi-TB is covered in Rel-16 
· Multi-tones can be configured for NPUSCH format 1 performance for 16QAM 



Different from UE side, only 16QAM is introduced for uplink, therefore, we propose to verify the BS demodulation requirements with 16QAM
Proposal 1:  Define NPUSCH format 1 requirements to verify the 16 QAM.
Discussion on BS performance requirements
Based on our understanding, we can reuse the test parameters in Table 8.5.1.1.1-3 of TS.36.104 with some change of repetition, modulation and tbSize. One issue is how to select TBS, the corresponding code rate with different ITBS and IRU for 16QAM are included in Table 2
Table 2: Code rate with different ITBS and IRU for 16-QAM
	Modulation Scheme
	ITBS
	IRU

	
	
	0
	1
	2
	3
	4
	5
	6
	7

	16-QAM only
	14
	0.53
	0.54
	0.54
	0.54
	0.54
	0.53
	0.54
	-

	
	15
	0.61
	0.57
	0.57
	0.57
	0.57
	0.56
	-
	-

	
	16
	0.63
	0.63
	0.63
	0.63
	0.63
	0.63
	-
	-

	
	17
	0.69
	0.69
	0.69
	0.68
	0.70
	0.69
	-
	-

	
	18
	0.75
	0.75
	0.76
	0.76
	0.76
	-
	-
	-

	
	19
	0.81
	0.81
	0.81
	0.82
	0.82
	-
	-
	-


We can observe that coderate for different IRU are closed to 0.5 when ITBS =14 which are common use cases, therefore, we propose to use ITBS =14. Therefore, based on the other simulation assumptions of test case in Table 8.5.1.1.1-3 of TS.36.104, we propose to use Table 3 as simulation assumptions for additional enhancement of NB-IOT BS requirements
Table 3: Proposed simulation assumptions
	Parameters
	Value

	Number of tones
	12

	SCS
	15kHz

	Antenna configuration
	1T2R

	Channel model
	ETU 1Hz

	Frequency error
	0Hz

	Timing error
	0μs

	Modulation scheme
	16 QAM

	Performance target
	SNR@ 70% of maximum throughput

	Repetition number
	Not configured

	ITBS / IRU
	14/ 0(TBS=256 bits, Number of RUs=1)



Proposal 2: Use Table 3 as simulation assumptions for NPUSCH format 1 with 16QAM performance requirements definition
Conclusion
In this contribution, we give our summary of RAN 1’s feature on additional enhancements of NB-IOT firstly and provide our discussions on how to define the corresponding BS performance requirements. The proposals are:
Proposal 1:  Define the BS requirements to verify the 16 QAM reception.
Proposal 2: Use Table 3 as simulation assumptions
Table 3: Proposed simulation assumptions
	Parameters
	Value

	Number of tones
	12

	Modulation order
	4

	SCS
	15kHz

	Antenna configuration
	1T2R

	Channel model
	ETU 1Hz

	Frequency error
	0Hz

	Timing error
	0μs

	Modulation scheme
	16 QAM

	Performance target
	SNR@ 70% of maximum throughput

	NRU
	5

	Repetition number
	Not configured

	ITBS / IRU
	14/ 0





