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1	Introduction
In RAN#86, a Rel-17 Study Item (SI) on IoT NTN was approved to evaluate the feasibility of Non-terrestrial networks (NTN) for NB-IoT and eMTC and the study item description was updated in [1]. It was agreed to use the existing work on NR NTN captured in TR 38.321 [2] as a baseline. The main RAN1 objectives in this SI are as follows.  
Study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication 
-	Timing offset related to scheduling and HARQ-ACK feedback 
-    Aspects related to HARQ operation

In this document, we present our views on aspects related to random access and timing/frequency synchronization in IoT NTN for both NB-IoT and eMTC. We also provide results for UE battery life for eMTC and NB-IoT.
[bookmark: _Ref178064866]2	Random access procedure
Unlike a terrestrial network (TN), an NTN may experience large round trip times (RTT), high differential Doppler shifts and large cell sizes. In this section, we review the impact of a non-terrestrial scenario on random access procedure for both NB-IoT and eMTC. In [1], the eMTC/NB-IoT UE is assumed to be equipped with a GNSS receiver. That is, the UE can estimate and pre-compensate timing and frequency offsets with sufficient accuracy before performing the UL transmission. 
The UE can estimate its RTT and Doppler shift using GNSS and ephemeris information broadcast by the network. Then, it can apply a timing advance (TA) and compensate for Doppler shift before MSG1 transmission.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc68361160]UE should pre-compensate its timing and frequency before transmitting MSG1.
3	(N)PRACH design
In the IoT NTN SI, the underlying assumption is that a GNSS-equipped UE can perform time/frequency compensation before MSG1 transmission. This means that the (N)PRACH receiver needs only deal with the residual timing and frequency errors, which are expected to be within the range that NB-IoT/eMTC (N)PRACH is capable of handling. Therefore, the existing (N)PRACH formats for NB-IoT/eMTC used in TN should also suffice for NTN.    
[bookmark: _Toc68361155]As GNSS-equipped UEs can perform timing/frequency pre-compensation before MSG1 transmission, the existing (N)PRACH formats for NB-IoT/eMTC in TN are also sufficient for NTN scenarios. 
4	Timing and frequency synchronization
[bookmark: _Hlk54130677]As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI. The UE must apply time and frequency pre-compensation to its UL transmissions during initial access. This pre-compensation may compensate for propagation delay and UL Doppler shifts on both the feeder link and the service link. The UE should be responsible for determining the propagation delay and Doppler shift of the service link while the network should be responsible for determining additional propagation delay and UL Doppler shift for which the UE should pre-compensate, i.e., the feeder link. The network should provide the UE with information about the amount of additional UL time and frequency pre-compensation.
[bookmark: _Toc68361161]As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI.
The DL synchronization performance was investigated during the NR NTN SI with the conclusion that it will work without modifications for NR NTN. However, since there are differences in the synchronization signal design, RAN1 should investigate whether that conclusion holds also for NB-IoT and eMTC NTN.
[bookmark: _Toc68361162]RAN1 should investigate DL synchronization performance for NB-IoT and eMTC NTN.
For NR NTN, it has been agreed that the UE shall support GNSS positioning also in RRC_CONNECTED state. Whether this implies that simultaneous GNSS and NR operation is required, or if GNSS measurement gaps are required, is still open and proposed to be decided by RAN4. For IoT NTN, the objective of low-cost devices has higher priority than for NR. Therefore, it is necessary to discuss whether GNSS positioning in RRC_CONNECTED state is to be supported by IoT NTN UE.
[bookmark: _Toc68361163]RAN1 should discuss whether GNSS positioning in RRC_CONNECTED state is to be supported by IoT NTN UE.
5	GNSS measurement window
In this SI, simultaneous operation of eMTC/NB-IoT module and the GNSS module is not considered. Therefore, when paged by the network, the UE may need to first acquire the GNSS signal before initiating UL transmission. Depending on the nature of GNSS acquisition, this may take anywhere from about a second to several seconds. This leads to the question whether it is possible to configure the existing timers such that there is a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission. As discussed in RAN1#104-e, we believe that RAN2 first needs to make progress on this topic.
[bookmark: _Toc68361164]RAN1 to wait for further progress on this topic in RAN2.
5	Impact of GNSS on UE battery life
One of the targets for eMTC and NB-IoT is power efficient operation in order to support extended battery lifetime. In RAN1#104-e, the following agreements were made to study the impact of GNSS power consumption on the battery life of IoT NTN devices.
Agreement: Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4) 
FFS: Details of the study
Agreement: For the study of potential impact of GNSS Position fix on UE power consumption consider at least the following parameters
· GNSS power consumption value
· GNSS position Time To First Fix

We have evaluated the battery lifetime for eMTC and NB-IoT using the approach adopted in TR 45.820 and TR 38.913. For NTN IoT devices, we assumed that the UE acquires GNSS once per each UL report. For legacy IoT devices, we did not consider any energy consumption due to GNSS. 
Specifically, we considered two values for the UL reporting interval: 2 hours and 24 hours. We assumed the packet size to be 50 bytes on the downlink (DL) and 50 bytes or 200 bytes on the uplink (UL). The parameters related to GNSS are given in Table 1 and UE power consumption in Table 2. We have provided results for both the legacy RRC Resume and early data transmission (EDT)   (see Figure 1 and Figure 2) procedures in the appendix. The results for eMTC are given in Table 3 and Table 4 while those for NB-IoT in Table 5 and Table 6. 
Our findings show that eMTC and NB-IoT undergo similar degradation in battery life due to GNSS under the considered scenarios. We further observe that the reduction is more pronounced for a shorter UL reporting interval (2 hours) than a longer (24 hours) one. Moreover, we observe a smaller reduction in battery life as the maximum coupling loss (MCL) is increased. 
[bookmark: _Toc68361156]For eMTC/NB-IoT, the reduction in battery life can be up to around 6% at 164 dB MCL and up to around 17% at 144 dB MCL depending on the UL reporting interval, packet size, and RRC procedure.
[bookmark: _Toc68361157]To have a more nuanced comparison between the battery life for NTN and legacy IoT devices, the underlying simulation assumptions such as transmit power, bandwidth, noise figure, and MCL should be agreed. 
[bookmark: _Toc68361165]RAN1 to discuss and agree on the assumptions for IoT NTN battery life evaluation such as MCL, transmit power, bandwidth and noise figure. 
6	NTN SIB Impact  
An IoT NTN UE needs to obtain satellite ephemeris data from reading SIB. As long battery lifetime is a distinguishing feature of IoT devices, it is natural to assess if SIB reading in NTN has a significant impact on the IoT NTN device battery life. In this vein, the following agreement was made in RAN1#104-e:
Agreement:
Study potential impact of NTN SIB carrying the satellite ephemeris on 
· UE power consumption in NB-IoT and eMTC 
· Accuracy of satellite location tracking
· PRACH congestion


We note that the parameter values (NTN SIB format, periodicity, etc.) have not yet been agreed. For the sake of this discussion, we may consider the worst-case scenario for the battery power consumption where the UE reads SIB (carrying the satellite ephemeris) at every UL reporting interval. For example, this corresponds to 12 reads per day for a 2 hour UL reporting interval. Assuming a 90 mW power consumption for receiving NTN SIB, this translates to 0.09* Joules of energy per UL report where  is the aggregate time (in seconds) needed for NTN SIB acquisition at the required SNR or MCL. In comparison, the reported results for GNSS acquisition with hot start correspond to 0.037 Joules of energy per UL report. Therefore, if  sec, then the energy consumption for NTN SIB read is smaller than that needed for GNSS acquisition. It is expected that  will be smaller than 410 ms, meaning that the impact of SIB reads on UE battery life will be less significant than that of GNSS reads. Moreover, it is expected to be more pronounced for 2 hour UL reporting interval as compared to 24 hour reporting interval.    
[bookmark: _Toc68361166]To accurately evaluate the impact of NTN SIB reads on eMTC/NB-IoT device battery life, RAN1 to discuss and agree on the assumptions for NTN SIB carrying satellite ephemeris such as NTN SIB format, periodicity and MCL. 
Investigations of the satellite position and velocity prediction indicate that the prediction accuracy is acceptable up to a few seconds, or possibly a few tens of seconds, in advance. Since this is shorter than the typical IoT data transmission cycle, we believe that NTN SIB will need to be read for every data transmission cycle to ensure accurate location tracking of the satellite.
It is not clear if NTN SIB will lead to PRACH congestion. We suggest to first select and agree on an NTN scenario to study. PRACH congestion will depend on various parameters such as the device densities, traffic model, etc., which first need to be agreed.
[bookmark: _Toc68361167]RAN1 to discuss and agree on the underlying scenario to study the impact of NTN SIB on PRACH congestion.
7	Synchronization during long UL transmission
In IoT NTN, the UL transmission duration can be extremely long when many repetitions are needed. The large timing and frequency drifts in NTN may pose problems for UL synchronization during long UL transmissions. Therefore, the following agreements were made in RAN1#104-e:
Agreement:
Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC. 
Agreement:
Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
Agreement:
Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.


Before jumping on to the solutions, we first need to identify the cases where synchronization loss may significantly compromise the performance of eMTC and NB-IoT. Then, the next question is if specification changes are needed to allow the UE to adjust its timing and frequency during the UL transmission. Another important aspect is the method used by the UE to acquire and calculate pre-compensation values for timing and frequency. Several companies have shared their views on this aspect:
· Option 1: Use UE-specific TA calculation. The UE uses UE-specific TA calculation based on acquired GNSS position and satellite ephemeris for UE pre-compensation during long UL transmission. Similarly the UE can determine the UE-specific Doppler shift to apply for UE pre-compensation.
· Option 2: Use the timing drift rate. The UE can use knowledge of the timing drift rate to determine the UE-specific TA for UE pre-compensation during the long UL transmission
· Option 3: Use segmented pre-compensation. The UE can interrupt transmission, determine the UE-specific TA / Doppler shift for UE pre-compensation during long continuous repetition transmission. 
Either the UE-specific TA calculation (GNSS, ephemeris based) or the timing drift rate can be used to calculate the UL timing/frequency pre-compensation values. Moreover, these calculations can be performed a priori, i.e., before the start of the UL transmission. This will help avoid long interruptions during an ongoing UL transmission. 
[bookmark: _Toc68361158]It is necessary to identify if specification changes are needed to allow the UE to perform UL pre-compensation during a long UL transmission.
[bookmark: _Toc68361159]UE may pre-calculate the timing and frequency pre-compensation values for each anticipated pre-compensation occasion prior to the start of the UL transmission. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	As GNSS-equipped UEs can perform timing/frequency pre-compensation before MSG1 transmission, the existing (N)PRACH formats for NB-IoT/eMTC in TN are also sufficient for NTN scenarios.
Observation 2	For eMTC/NB-IoT, the reduction in battery life can be up to around 6% at 164 dB MCL and up to around 17% at 144 dB MCL depending on the UL reporting interval, packet size, and RRC procedure.
Observation 3	To have a more nuanced comparison between the battery life for NTN and legacy IoT devices, the underlying simulation assumptions such as transmit power, bandwidth, noise figure, and MCL should be agreed.
Observation 4	We need to identify if specification changes are needed to allow the UE to perform UL pre-compensation during a long UL transmission.
Observation 5	UE may pre-calculate the timing and frequency pre-compensation values for each anticipated pre-compensation occasion prior to the start of the UL transmission.

Based on the discussion in the previous sections we propose the following:
Proposal 1	UE should pre-compensate its timing and frequency before transmitting MSG1.
Proposal 2	As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI.
Proposal 3	RAN1 should investigate DL synchronization performance for NB-IoT and eMTC NTN.
Proposal 4	RAN1 should discuss whether GNSS positioning in RRC_CONNECTED state is to be supported by IoT NTN UE.
Proposal 5	RAN1 to wait for further progress on this topic in RAN2.
Proposal 6	RAN1 to discuss and agree on the assumptions for IoT NTN battery life evaluation such as MCL, transmit power, bandwidth and noise figure.
Proposal 7	To accurately evaluate the impact of NTN SIB reads on eMTC/NB-IoT device battery life, RAN1 to discuss and agree on the assumptions for NTN SIB carrying satellite ephemeris such as NTN SIB format, periodicity and MCL.
Proposal 8	RAN1 to discuss and agree on the underlying scenario to study the impact of NTN SIB on PRACH congestion.
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Appendix
In this appendix, we provide our evaluation results for UE battery life for eMTC and NB-IoT.
[bookmark: _Hlk68512255]


[bookmark: _Ref68158615]Figure 1 NB-IoT RRC Resume procedure with UL and DL data transmissions.




[bookmark: _Ref68514382]Figure 2 NB-IoT EDT procedure with UL data transmission.


[bookmark: _Ref68109644]Table 1 GNSS parameters for battery life evaluation.
	
	GNSS TTFF 
(sec)
	Power consumption 
(mW)

	Hot start
	1
	37

	Warm start
	5
	37






[bookmark: _Ref68109654]Table 2 eMTC and NB-IoT power consumption for battery life evaluation.
	Mode
	Power consumption (mW)

	TX
	545

	RX
	90

	RRC Connected
	3

	RRC Idle
	0.015



[bookmark: _Ref68158483]Table 3 eMTC battery life with 200 bytes UL data and 50 bytes DL data for various values of MCL and UL reporting interval.
	eMTC, 200 bytes UL, 50 bytes DL
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)

	MCL (dB)
	164
	154
	144

	2 hr
	EDT
	1.0
	1.0
	~0
	8.8
	8.2
	6.82
	22
	18.4
	16.36

	2 hr
	RRC Resume
	0.9
	0.9
	~0
	8.2
	7.6
	7.32
	22
	18.4
	16.36

	24 hr
	EDT
	9.1
	9.1
	~0
	30.0
	27.0
	10.0
	37.0
	32.5
	12.16

	24 hr
	RRC Resume
	8.4
	8.4
	~0
	29.4
	26.5
	9.86
	37.0
	32.5
	12.16




[bookmark: _Ref68158485]Table 4  eMTC battery life with 50 bytes UL data and 50 bytes DL data for various values of MCL and UL reporting interval.
	eMTC, 50 bytes UL, 50 bytes DL
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)

	MCL (dB)
	164
	154
	144

	2 hr
	EDT
	2.6
	2.5
	3.85
	14.6
	12.9
	11.64
	23.4
	19.4
	17.09

	2 hr
	RRC Resume
	2.0
	2.0
	~0
	13.2
	11.8
	10.61
	23.5
	19.4
	17.45

	24 hr
	EDT
	17.9
	16.8
	6.14
	33.8
	30.0
	11.24
	36.3
	32.1
	11.57

	24 hr
	RRC Resume
	15.4
	14.5
	5.84
	33.1
	29.5
	10.88
	36.4
	32.1
	11.81




[bookmark: _Ref68158486]Table 5  NB-IoT battery life with 200 bytes UL data and 50 bytes DL data for various values of MCL and UL reporting interval.
	NB-IoT, 200 bytes UL, 50 bytes DL
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)

	MCL (dB)
	164
	154
	144

	2 hr
	EDT
	1.4
	1.4
	~0
	7.9
	7.3
	7.59
	19.8
	16.9
	14.65

	2 hr
	RRC Resume
	1.1
	1.1
	~0
	7.4
	7.0
	5.41
	19.3
	16.5
	14.51

	24 hr
	EDT
	11.4
	11.4
	~0
	29.0
	26.2
	9.65
	36.4
	32.1
	11.81

	24 hr
	RRC Resume
	9.7
	9.7
	~0
	28.5
	25.7
	9.82
	36.3
	31.9
	12.12




[bookmark: _Ref68158487]Table 6  NB-IoT battery life with 50 bytes UL data and 50 bytes DL data for various values of MCL and UL reporting interval.
	NB-IoT, 50 bytes UL, 50 bytes DL
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)
	Battery life TN (year)
	Battery life NTN (year)
	Change (%)

	MCL (dB)
	164
	154
	144

	2 hr
	EDT
	3.4
	3.3
	2.94
	13.4
	12.0
	10.45
	22.2
	18.5
	16.67

	2 hr
	RRC Resume
	2.6
	2.5
	3.85
	12.4
	11.2
	9.67
	21.6
	18.1
	16.20

	24 hr
	EDT
	20.5
	19.1
	6.83
	33.2
	29.6
	10.84
	36.2
	31.9
	11.88

	24 hr
	RRC Resume
	17.8
	16.7
	6.18
	32.7
	29.1
	11.01
	36.0
	31.8
	11.67
















	4/4	
image1.emf
UE eNB

NPSS

NSSS

NPRACH (Msg1)

Random Access Response (Msg2)

RRC Connection Resume Request (Msg3)

RRC Connection Resume (Msg4)

RRC Conn. Resume Complete (Msg5) + RLC Ack Msg4 + UL Data

RLC Ack Msg5 

HARQ Ack

RRC Connection Release

HARQ Ack 

RLC Ack RRC Connection Release

NPBCH

HARQ Ack

Higher layers trigger MO event

Deliver data to higher layers

DL Data

HARQ Ack

RLC Ack DL Data


Microsoft_Visio_Drawing.vsdx
UE
eNB
NPSS
NSSS
NPRACH (Msg1)
Random Access Response (Msg2)
RRC Connection Resume Request (Msg3)
RRC Connection Resume (Msg4)
RRC Conn. Resume Complete (Msg5) + RLC Ack Msg4 + UL Data
RLC Ack Msg5
HARQ Ack
RRC Connection Release
HARQ Ack
RLC Ack RRC Connection Release
NPBCH
HARQ Ack
Higher layers trigger MO event
Deliver data to higher layers
DL Data
HARQ Ack
RLC Ack DL Data



image2.emf
UE eNB

NPSS

NSSS

NPRACH (Msg1)

Random Access Response (Msg2)

RRC Connection Resume Request (Msg3)+UL data

RRC Connection Release (Msg4)+DL data

RLC Ack RRC Connection Release 

NPBCH

HARQ Ack

Higher layers trigger MO event


Microsoft_Visio_Drawing1.vsdx
UE
eNB
NPSS
NSSS
NPRACH (Msg1)
Random Access Response (Msg2)
RRC Connection Resume Request (Msg3)+UL data
RRC Connection Release (Msg4)+DL data
RLC Ack RRC Connection Release
NPBCH
HARQ Ack
Higher layers trigger MO event



