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1 Introduction
In the email discussions after RAN1 NB-IoT ad-hoc#2 meeting, the following was agreed:
Post adhoc#2 email agreements:
· Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 

· During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization

· Uplink transmission gap is defined by a period X and a gap length Y.  

· A minimum period Xmin is defined in the specifications

· FFS whether other periods X > Xmin are defined

· Y > 0

· All uplink transmissions of duration greater than or equal to X msec applies transmission gap with gap length Y and periodicity X until the uplink transmission completes

· The values of the period X and gap length Y are defined in the specifications

The agreed CR for TS 36.211 implements this agreement with the following placeholder text:

Section 10.1.3.6:

In case of NPUSCH repetitions, after transmissions of [X] slots, a gap of [Y] slots shall be inserted where the NPUSCH transmission is postponed.
This contribution provides some clarifications on the values of X and Y mentioned in the CR.
2 Gap length Y
The uplink transmission gap is used for the UE to switch to the downlink and re-acquire downlink synchronization. The gap length should be set such that sufficiently good downlink synchronization performance can be achieved during the gap.
Since the maximum residual frequency offset is normally in the order of 0.x PPM during uplink data transmission, the timing drift due to the frequency offset can be ignored. Therefore, the downlink synchronization during the uplink transmission gap mainly refers to the frequency synchronization.
Considering the uplink RU length is 8 ms (for 15 kHz subcarrier spacing) or 32 ms (for 3.75 kHz subcarrier spacing), it is preferable to set the gap length Y as an integral multiple of 32 ms or 8 ms.
The downlink synchronization performance is summarized in Table 1, using NPSS, NSSS, and NRS, and NB-MIB. It can be seen that with Y = 32 ms the RMS of residual frequency offset can be reduced to less than 50 Hz. Furthermore, the residual frequency offset can be reduced to [-50 Hz, 50 Hz] with 96.6% probability, which is already better than the commonly targeted synchronization accuracy for NB-IoT, i.e. 95% residual frequency error within ±50 Hz. So it is proposed to set Y = 32 ms.
Table 1: Downlink synchronization performance

	
	Y = 24 ms
	Y = 32 ms
	Y = 40 ms
	Y = 48 ms

	Probability within [-50Hz, 50Hz]
	90.0%
	96.6%
	99.1%
	99.8%

	RMS of residual frequency offset (Hz)
	68.2
	40.8
	23.6
	20.1
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Figure 1: DL sync performance

Proposal 1: The uplink transmission gap length Y = 32 ms.

3 Maximum uplink transmission duration X
The maximum uplink transmission duration X should not be set too long such that the uplink receiver performance is significantly degraded due to frequency drift. On the other hand, if X is set too short, there will be an obviously adverse impact to the uplink data rate. The selection of the value for X should strike a good balance between these two factors.

The uplink receiver performance is shown in Figure 2 and Figure 3 , and the loss of data rate due to the UL gap is summarized in Table 2, all assuming Y = 32 ms. We have simulated single-tone NPUSCH transmissions only since they will be the most sensitive to synchronization error.
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Figure 2: Performance of UL transmission gaps, 15 kHz subcarrier spacing

[image: image3.png]BLER

3.75 kHz subcarrier spacing

10-2 | | | |
-9.0 —-8.5 -8.0 -7.5 -7.0 —-6.5 —-6.0




 
Figure 3: Performance of UL transmission gaps, 3.75 kHz subcarrier spacing

Table 2: Loss of data rate

	
	maximum uplink transmission duration X (ms)

	
	256
	320
	512

	Loss of data rate (Y/(X+Y))
	11.1%
	9.1%
	5.9%


The design of NB-IoT has made trade-offs of UE complexity and/or power consumption vs. data-rate to achieve the ultra-low complexity target of the WI. However, in this case, there is no UE complexity or power consumption benefit for a reduced data rate if we select X=256 ms instead of e.g. X=512 ms. It can be seen that having a maximum uplink transmission duration of 512 ms can achieve an acceptable uplink receiver performance degradation with minimal loss of data rate. It is thus proposed to set the maximum uplink transmission duration X = 512 ms.

Proposal 2: The maximum uplink transmission duration X = 512 ms.

4 TS 36.211 aspects

In the 36.211 CR for NB-IoT, it is stated that gaps would used in case of NPUSCH repetitions. We assume this is unintentional phrasing, and that in fact the UL gap structure applies whether or not repetitions are used, since there is no limitation in the agreements (for example, one grant of a 3.75 kHz NPUSCH over 10 RUs, without repetition, has a duration of 320 ms).
The original agreement applies to both NPUSCH and NPRACH, but at the moment the CR only applies gaps to NPUSCH, so a similar sentence as in Section 10.1.3.6 can be added to Section 10.1.6.1.

Observation: TS 36.211 should reflect the UL gap structure for NPUSCH and NPRACH, according to X and Y, applies whether or not NPUSCH/NPRACH repetitions are used.
5 Conclusion
The values to parameterize the uplink transmission gap for NB-IoT are proposed as follows:
Proposal 1: The uplink transmission gap length Y = 32 ms.

Proposal 2: The maximum uplink transmission duration X = 512 ms.

Observation: TS 36.211 should reflect the UL gap structure for NPUSCH and NPRACH, according to X and Y, applies whether or not NPUSCH/NPRACH repetitions are used.
Annex A Simulation assumptions

Table 3: Uplink Simulation assumptions

	Metric
	Value(s)

	Channel Model
	ETU1

	Carrier Frequency
	2 GHz

	Antenna
	1T2R

	Tone Number
	Single tone

	Sampling Rate
	1.92 MHz

	Subcarrier Spacing
	15kHz/ 3.75kHz

	Initial Frequency Offset
	0.025 PPM

	Frequency Drift Rate
	0.15 PPM/Second

	Sampling Frequency Offset
	Off

	Timing error
	Uniform distribution with [-CP/2,CP/2]

	MCS/Repetition/TBS
	15k: MCS0 / 32 / 88bit
3.75k: MCS0 / 8 / 88bit

	Frequency Tracking
	On

	Interference Modeling
	Off


Table 4: Downlink Simulation assumptions

	Metric
	Value(s)

	Channel Model
	ETU1

	Carrier Frequency
	2 GHz

	Antenna
	1T1R

	Sampling Rate
	1.92 MHz in TX
240kHz in RX

	Participant Signal
	NB-PSS/SSS
NB-RS
NB-MIB

	MCL
	164dB (SNR=-12.6dB)

	Initial Frequency Offset
	0.1 PPM

	Sampling Frequency Offset
	Off

	Timing error
	Uniform distribution with [-CP/2,CP/2]


