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1 IntroductionIn last RAN4 meeting #80, some concerns [2] were raised about current UE timing error requirements and potential impact on NPUSCH and NPRACH performances. A way forward [3] was agreed to further analyze those impacts.

This contribution is basically re-submission of R4-168736 presented during RAN4#80b meeting on cover of NPUSCH-demodulation agenda. It analyses NPUSCH impacts based on the agreed way forward assumptions ([3]) and new assumptions described in this document. 
2 DiscussionThe agreed way forward [3] proposes to investigate UL timing errors on NPUSCH (format 1 and format 2) performance. This contribution recaps the outcomes of this investigation.
2.1 NPUSCH Format 1

2.1.1 Assumptions – single tone
As agreed in the way forward ([3]), simulations are based on the following assumptions (Table 1) used for demodulation requirements ([4]). 
	Simulation number
	BW 
	Singe-/Multi-tone
	Sub-carrier spacing
	repetition level

	Number of tones
	Modulation

(Note 4)
	RFC
	Propagation Condition
	Antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	2
	180KHz
	Single
	15KHz
	16
	1
	 BPSK 
	R.NB3-2 
	ETU1
	1 x 2
	[70%]
	TBD


Table 1: NPUSCH format 1 assumptions – single tone
RFC R.NB3-2 is specified in following Table 2.
	Reference channel
	R.NB3-1
	R.NB3-2

	Sub-carrier spacing (kHz)
	3.75
	15

	Number of tone
	1
	1

	Diversity
	No
	No

	Modulation
	BPSK
	BPSK

	IMCS / ITBS
	0 / 0
	0 / 0

	Payload size (bits)
	32 
	32

	Allocated resource unit
	2
	2

	Code rate (target)
	1/3
	1/3

	Code rate (effective)

	0.29
	0.29

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks – C
	1
	1

	Total number of bits per resource unit
	96
	96

	Total symbols per resource unit
	96
	96

	Maximum number of retransmissions
	[4]
	[4]


Table 2: FRC parameters for NPUSCH format 1 for single tone
2.1.2 Simulation results – single tone
Following  Table 3 captures the simulation results for different UL timing error values. Simulation results are for 16 repetitions; no significant difference was observed for 1 and 64 repetitions.
	UL Timing Error
(us)
	SNR for 70% throughput

(dB)
	SNR Reference for 70% throughput
(No UL timing error)
	Delta

	2.6
	-12.8
	-13.0
	0.2

	4.6
	-12.7
	-13.0
	0.3

	5
	-12.6
	-13.0
	0.4


 Table 3: UL timing error impacts on NPUSCH Format 1 – single tone
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Figure 1: UL timing error impacts on NPUSCH Format 1 – single tone
2.1.3 Conclusion – NPUSCH format 1 and single tone
For single tone, when the UL timing error at BS side is in [0, +4.5us] range, impact on NPUSCH format 1 performance is not noticeable.
2.1.4 Assumptions – multi tones

Based on following assumptions (Table 4), used for demodulation requirements ([4]), simulations were also run for multi-tones signal. 
	Simulation number
	BW 
	Singe-/Multi-tone
	Sub-carrier spacing
	repetition level

	Number of tones
	Modulation

(Note 4)
	RFC
	Propagation Condition
	Antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	3
	180KHz
	Multi-tone
	15KHz
	[2],[16],[64]
	12
	QPSK
	R.NB3-7
	ETU1
	1 x 2
	[70%]
	TBD

	4
	180KHz
	Multi-tone
	15KHz
	[2],[16],[64]
	6
	QPSK
	R.NB3.6
	ETU1
	1 x 2
	[70%]
	TBD

	5
	180KHz
	Multi-tone
	15KHz
	[2],[16],[64]
	3
	QPSK
	R.NB3.5
	ETU1
	1 x 2
	[70%]
	TBD

	Note 1: Assume the frequency offset value is [0] and channel estimation lengths are 16ms for 3.75kHz and 4ms for 15kHz. For case 3 with repetition level 2, use 2ms channel estimation length. 

Note 2: Assume HARQ retransmission RV0 or RV2, refer to RAN1 spec TS 36.213

Note 3: Interesting companies are encouraged to provide the simulation results in the next RAN4 meeting for all the scenarios if they can.

Note 4: see TS36.211 Clause 10.1 for the detailed modulation


Table 4: NPUSCH format 1 assumptions - multi-tones
RFCs R.NB3-7, R.NB3-6 and R.NB3-5 are specified in following Table 5.

Table A.4-2 FRC parameters for NPUSCH for multi-tone
	Reference channel
	R.NB3-5
	R.NB3-6
	R.NB3-7

	Sub-carrier spacing (kHz)
	15
	15
	15

	Number of tone
	3
	6
	12

	Diversity
	No
	No
	No

	Modulation
	QPSK
	QPSK
	QPSK

	IMCS / ITBS
	3 / 3
	7 / 7
	9 / 9

	Payload size (bits)
	40
	104
	136

	Allocated resource unit
	1
	1
	1

	Code rate (target)
	1/3
	1/3
	2/3

	Code rate (effective)

	0.22 
	0.44
	0.56

	Transport block CRC (bits)
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0

	Number of code blocks - C
	1
	1
	1

	Total number of bits per resource unit
	288
	288
	288

	Total symbols per resource unit
	144
	144
	144

	Maximum number of retransmissions
	[4]
	[4]
	[4]


Table 5: FRC parameters for NPUSCH format 1 for multi tones
2.1.5 Simulation results – multi tones

Following Table 6 captures the simulation results for multi tones and for different UL timing error values.
	UL Timing Error
	Tones
	Repetitions
	SNR value for 70% TP

 (dB)
	SNR Reference value for 70% TP (dB)
(No UL timing error)
	Delta

	1.3 us
	12
	2
	-1.7
	-1.7
	0

	
	
	16
	-8.1
	-8.1
	0

	
	6
	2
	-2.6
	-2.6
	0

	
	3
	2
	-4.9
	-4.9
	0

	1.95 us
	12
	2
	-1.7
	-1.7
	0

	
	
	16
	-8.1
	-8.1
	0

	
	6
	2
	-2.6
	-2.6
	0

	
	3
	2
	-4.9
	-4.9
	0

	2.6 us
	12
	2
	-1.5
	-1.7
	0.2

	
	
	16
	-7.8
	-8.1
	0.3

	
	6
	2
	-2.5
	-2.6
	0.1

	
	3
	2
	-4.9
	-4.9
	0

	3.6 us
	12
	2
	-1.1
	-1.7
	0.6

	
	
	16
	-7.5
	-8.1
	0.6

	
	6
	2
	-2.4
	-2.6
	0.2

	
	3
	2
	-4.9
	-4.9
	0

	4.5 us
	12
	2
	-0.4
	-1.7
	1.3

	
	
	16
	-6.5
	-8.1
	1.6

	
	6
	2
	-2.0
	-2.6
	0.6

	
	3
	2
	-4.5
	-4.9
	0.4

	5 us
	12
	2
	0
	-1.7
	1.7

	
	
	16
	-6.1
	-8.1
	2.0

	
	6
	2
	-1.8
	-2.6
	0.8

	
	3
	2
	-4.4
	-4.9
	0.5

	6us
	12
	2
	1.2
	-1.7
	2.9

	
	
	16
	-5.1
	-8.1
	3.0

	
	6
	2
	-1.2
	-2.6
	1.4

	
	3
	2
	-4.1
	-4.9
	0.8


Table 6: UL timing error impacts on NPUSCH Format 1 – multi tones
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Figure 2: UL timing error impacts on NPUSCH Format 1 – multi tones - 2 repetitions
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Figure 3: UL timing error impacts on NPUSCH Format 1 – 12 tones
2.1.6 Conclusion – NPUSCH format 1 and multi tones
For multi tone, when the UL timing error at BS side is in [0, +3,6us] range, there is no noticeable impact on NPUSCH format 1 performance. Impact starts to be relevant from 3.6-4.5us for 12 tones, and increases with timing error. 
12 and 6 tones signals performance are the most impacted; 3 tones signal performance are not really impacted. 
When number of repetitions increases, impact slightly increase as well, but not in an obvious manner.
To minimize performance impact, the UL timing error at BS side should be in [2.6; 3.6]us range for 12 tones and in [3.6; 4.5]us range for 6 tones. 
Consdering 3.6us, and assuming 2us for other timing estimation error (e.g. fading from TS 36.104), this would mean UE initial transmission timing error should be ~1.6us or 50*Ts range to not impact 12 tones and 6 tones performance.

 For 3 tones and single tone, the existing requirement (maximum UL timing error at BS side equal to 4.5us / UE initial transmission error equal to 80 Ts) would not impact performance.
2.2 NPUSCH Format 2
2.2.1 Assumptions

As agreed in the way forward ([3]), simulations are based on the following assumptions (Table 7) used for demodulation requirements ([4]). 
	Test number
	BW 
	Singe-/Multi-tone
	Sub-carrier spacing
	repetition level
	Modulation
	Propagation Condition
	Antenna configuration
	SNR (dB)

	2
	180KHz
	Single
	15KHz
	16
	BPSK
	EPA5
	1 x 2
	TBD

	Note 1: Assume the frequency offset value is [0] and channel estimation lengths are 16ms for 3.75kHz and 4ms for 15kHz


Table 7: Simulation assumption for NPUSCH format 2
2.2.2 Simulation results

Following Table 8 captures the simulation results for different UL timing error values.

	UL Timing Error
	Repetitions
	SNR value for 99% success (dB)
	SNR Reference value for 99% success (dB)
(No UL timing error)
	Delta

	(24 Ts)
	1
	2.2
	2.2
	0

	
	16
	-6.8
	-6.8
	0

	
	64
	-11.2
	-11.2
	0

	1.3 us

(40 Ts)
	1
	2.2
	2.2
	0

	
	16
	-6.8
	-6.8
	0

	
	64
	-11.2
	-11.2
	0

	1.95 us

(60 Ts)
	1
	2.2
	2.2
	0

	
	16
	-6.8
	-6.8
	0

	
	64
	-11.2
	-11.2
	0

	2.6 us

(80 Ts)
	1
	2.2
	2.2
	0

	
	16
	-6.5
	-6.8
	0.3

	
	64
	-10.7
	-11.2
	0.5

	4.5 us
	1
	2.3
	2.2
	0.1

	
	16
	-6.4
	-6.8
	0.4


Table 8: UL timing error impacts on NPUSCH Format 2
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Figure 4: UL timing error impacts on NPUSCH Format 2
2.2.3 Conclusion – NPUSCH format 2
When the UL timing error is in [0, +4.5us] range, its impact on NPUSCH format 2 performance is not really noticeable.
3 Conclusion
In this contribution, we further analyzed the impact of UL timing error on NPUSCH performance.  

When the UL timing error at BS side is in the [0, +3.6us] range, there is no obvious impact on NPUSCH format 1 and 2 performance. When error reaches 3.6/4.5 us, impact on NPUSCH format 1 performance becomes visible for 6 tones and even more for 12 tones signal. Then impact increases with timing error values.
From those observations, to not impact NPUSCH performance, the UE initial transmission timing error value should be reconsidered for NB-IoT 6 and 12 tones signal. A value of 50*Ts would be more appropriate.
As 6 and 12 tones NB-IoT signal are most likley not used in extended coverage mode, this new requirement value might only be applicable for normal coverage mode, as previously agreed in [6].
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