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1 Background
In the previous RAN1 meeting (RAN1#104-bis-e), the following agreements were made under this agenda item:
Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A

Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB

Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.


In this contribution, we provide our views on necessary enhancements to NB-IoT/eMTC over NTN as it relates to time and frequency synchronization, including aspects related to random access procedures/signals. 
We consider the proposals and observations marked in red boldface to be essential for Release 17; proposals and observations marked in orange boldface are ones recommend to be captured additionally (to the essential proposals) in the TR as guiding principles and observations for future work. 

2 GNSS/ephemeris synchronization validity and failure
While short, sporadic connections are prioritized for Release 17, we would like to note that the specifications do not impose an obvious restriction to connection length. As such, one way in which one can attempt to “restrict” connection length implicitly, is via the definition of synchronization validity and synchronization failure events at the UE.
Observation E-1: An implicit way to limit connection length for eMTC/NB-IoT over NTN is via the definition of synchronization validity.
2.1 Synchronization validity
 
Once a UE has acquired the serving satellite’s location (e.g., by reading a relevant SIB) and its own location (e.g., via a GNSS fix), the UE may be able to assume that the pre-compensation it applies to the subsequent uplink transmissions remains valid for a certain period of time, before the UE needs to reacquire this, or before it needs to tear down the connection entirely (thereby, implicitly limiting connection length), etc. 
One approach to achieve this would be via the use of synchronization timers that are started when the UE acquires necessary uplink synchronization. While such timer(s) is (are) ON, the UE is not required to re-acquire GNSS and/or read a SIB containing satellite location information. This is, in spirit, similar to the timeAlignmentTimer that is currently specified for TA validity in terrestrial networks; however, for NTN, any such timer will also need to take into account the frequency synchronization aspect (which is not an issue in terrestrial networks). Moreover, since the acquisition of GNSS and/or SIBs (for satellite location) may be driven by the UE, such timer(s) may potentially be UE-initiated (with potential reporting of timer (re-)starts to the network).
Proposal E-1: Define the notion of synchronization validity during which the ephemeris and/or GNSS information is (are) accurate.
· This validity is based on timer(s) that are (re-)set autonomously by the UE after acquiring necessary location information.
· Such (re-)setting events may be indicated to the network to facilitate efficient scheduling.

2.2 Synchronization failure and recovery
 
Associated with the notion of synchronization validity described above, we need to define UE behaviour when synchronization failure (e.g., ephemeris and/or GNSS are outdated) occurs. For the timer-based approach for synchronization validity, described above, a synchronization failure may be indicated by the expiry of such timer(s). 
Solutions in the realm of synchronization failure and recovery can go from simply tearing down the connection and re-starting from IDLE, to more elaborate location failure recovery procedure(s) to prioritize re-acquiring satellite and/or UE location over uplink communications. We describe the simplest solution next.
2.2.1 Declaration of Radio Link Failure (e.g., for NB-IoT UEs)
 
A simple UE behaviour upon a detecting synchronization failure would be to trigger radio link failure (RLF), go back to IDLE, and re-establish connection from scratch. This solution would have minimal specification impact.
Proposal E-2: Introduce a mechanism that triggers RLF when the GNSS and/or ephemeris information at the UE is (are) outdated:
	- FFS details
3 The case for (N)PRACH-driven closed-loop corrections
We argue, in this section, that the significant penalty to UE power consumption (during long connections) from GNSS fixes can be mitigated significantly by facilitating closed-loop time and frequency corrections issued by the base-station. 
This may be achieved by a (potentially periodic, or prior to each uplink transmission) dedicated/contention-free NPRACH transmission from the UE, followed by a timing and/or frequency correction command issued by the network in a response message. Especially in the setting where these NPRACH resources are robust to time and frequency synchronization errors (see, e.g., the design proposed in Section 4 of this contribution), such solutions can dramatically reduce the power consumption penalty from GNSS fixing during a long connection, by essentially replacing a GNSS fix with an NPRACH followed by a closed loop correction. 
Such a strategy is (approximately) schematically depicted in Fig. 1 below.
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Figure 1: Relaxed GNSS fixing using (N)PRACH-based closed loop corrections.
The key elements in evaluating power consumption associated with a transmit/receive operation at the UE are the current drawn by the UE (e.g., in milliamperes) and time-duration of the operation (e.g., in milliseconds). In Table 1 below, we report these numbers (with current values relative to a reference downlink reception current) for a typical NB-IoT over NTN scenario (e.g., a good coverage LEO satellite setting for Set 2 in [2]) corresponding to a downlink SNR (for 15 kHz 1 PRB reception) of  dB and an uplink SNR (for 15 kHz 1 PRB transmission) of  dB (with a PC5 UE transmitting at the max. power of  dBm).	
Table 1: Parameters for evaluating power consumption in IoT over NTN.
	Operation
	Current
(Referenced to downlink current )
	Duration

	GNSS reception
	
	 ms

	Downlink Reception
	
	1. PDCCH:  ms
2. PDSCH (RAR):  ms
3. PDSCH (Msg4):  ms
4. PDSCH (Conn. Release):  ms

	Uplink Transmission
	
	1. PRACH:  ms
2. Msg3:  ms
3. PUSCH (data):  ms per ~ bits
(simulated with 8000 bits per ON-duration)
4. HARQ-ACK:  ms

	Sleep
	
	1. PSM: 8 hrs
2. CDRX: 



In Table 2, we demonstrate how the power penalty due to GNSS fixes diminishes with an increase in the GNSS relaxation factor, which essentially denotes—relative to a baseline scheme of fixing GNSS before every uplink transmission—the factor by which we reduce the total number of GNSS fixes required, and replace it with adequate close-loop corrections.
Table 2: Reduction in power penalty due to GNSS, by relaxing required GNSS fixes and enabling (N)PRACH-driven closed-loop time and frequency corrections.
	GNSS Relaxation factor
	Power penalty due to GNSS in connected mode for long connections

	No Relaxation
(Baseline: fixing GNSS before every uplink transmission in CDRX)
	

	2
	

	4
	



Based on the results above, we make the following observations and proposals with regards to supporting long connections in eMTC and NB-IoT over NTN.
Observation R-1: For long connections in eMTC and NB-IoT over NTN, (N)PRACH-driven closed-loop time and frequency corrections lowers the GNSS power penalty from  to  (with a GNSS relaxation factor of 4), w.r.t a baseline without closed-loop corrections.
· Such an (N)PRACH-driven closed loop correction may be facilitated by a periodic or semi-persistent CFRA transmission from the UE, followed by a response message from the network.
· An NPRACH design that is robust to time and frequency errors (e.g., the one based on restricted preambles in Section 4 of this contribution) is especially suitable for this.
Proposal R-1: Include Observation R-1 in the TR, in the context of current or future study and support of long connections for eMTC and NB-IoT over NTN, as it relates to uplink synchronization aspects.  

4 Robust NPRACH with restricted preambles for NB-IoT
As described in our contribution on scenarios applicable to eMTC/NB-IoT over NTN [2], the initial time and frequency offsets for uplink synchronization are directly related to the accuracy of the satellite location, as well as the UE’s geolocation, that is available at the UE at the instant of NPRACH transmission in NB-IoT. Depending on the agreements reached on the time and frequency synchronization accuracy that a UE may be expected to achieve, we will need to study whether enhancements are required for PRACH, to support relatively large time and frequency offsets.
Also, as outlined in Section 3 for (N)PRACH-driven closed-loop corrections of time and/or frequency errors to save UE power from frequent GNSS reads, a robust (N)PRACH design that can correct for relatively large time and frequency offsets without significant specification impact remains an attractive proposition.
Proposal R-2: RAN1 to consider potential enhancements to (N)PRACH design, depending on the requirements for satellite location accuracy and UE’s own geolocation accuracy at the UE.
· The design should also consider facilitating closed-loop time and/or frequency corrections.
One such design is to restrict NPRACH starting subcarriers (e.g., over a subset of all available starting subcarriers) that a UE can use for contention-based random access (CBRA). The simplest example is shown in Fig. 2 below, where “alternate starting subcarriers” can be selected by UEs for CBRA.
We show in Fig. 3 that with this restriction, the robustness of NPRACH to time and frequency errors improves significantly. This is due to the increased resiliency to ICI among preambles that is afforded by this design. Even with relatively large initial uplink frequency errors (e.g., up to 1kHz), the base station can determine and correct for these errors effectively (as demonstrated by the CDFs of residual timing and frequency errors after base-station processing of the NPRACH preamble). In the CDFs in Fig. 3, we see that with the alternate subcarrier restriction scheme (the red curve), the probability of the residual timing errors (after base-station processing) being outside +/- CP/2 (of NPUSCH) is very close to that of “unloaded” transmission—i.e., when only one preamble is transmitted—even with an up to 1 kHz initial frequency synchronization error. In contrast, in the “fully loaded” setting—i.e., when all preambles are used for NPRACH transmission by (e.g., other) UEs (represented by the cyan curve), the probability of residual timing errors after base-station processing being greater than +/- CP/2 increases significantly.
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Figure 2: Example of "restrictions" on starting NPRACH subcarriers for CBRA. Alternate starting subcarriers may be selected for NPRACH transmission by a UE.
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Figure 3: Cumulative distribution functions (CDFs) of residual timing error after base-station processing of NPRACH preambles transmitted by UE(s). In this setting, initial frequency errors can be up to +/- 1 kHz, and the power levels of different UEs are within +/- 10 dB of each other.
Considering the above discussion, we make the following observation and proposal.
Observation R-2: Restricting alternate starting subcarriers for NPRACH transmissions allows to correct for potentially large initial uplink frequency synchronization errors (e.g., up to 1 kHz)
· Such a scheme may facilitate UE power savings by relaxing the frequency and accuracy of GNSS fixes and/or satellite ephemeris reads required.
· Such a scheme may also facilitate NPRACH-driven closed-loop corrections of time and frequency errors in connected mode, thereby reducing the power penalty from frequent GNSS fixes.
Proposal R-3: Include Observation R-2 in the TR, in the context of current or future study for eMTC and NB-IoT over NTN, as it relates to uplink synchronization aspects.
5 Conclusion
In this contribution we presented our initial views on enhancements to NB-IoT/eMTC over NTN as it relates to time and frequency synchronization. We summarize our proposals below, according to essentiality categories.
5.1 Essential for Release 17
 
Observation E-1: An implicit way to limit connection length for eMTC/NB-IoT over NTN is via the definition of synchronization validity.
Proposal E-1: Define the notion of synchronization validity during which the ephemeris and/or GNSS information is (are) accurate.
· This validity is based on timer(s) that are (re-)set autonomously by the UE after acquiring necessary location information.
· Such (re-)setting events may be indicated to the network to facilitate efficient scheduling.
Proposal E-2: Introduce a mechanism that triggers RLF when the GNSS and/or ephemeris information at the UE is (are) outdated:
	- FFS details
5.2 Recommended for inclusion in TR
 
Observation R-1: For long connections in eMTC and NB-IoT over NTN, (N)PRACH-driven closed-loop time and frequency corrections lowers the GNSS power penalty from  to  (with a GNSS relaxation factor of 4), w.r.t a baseline without closed-loop corrections.
· Such an (N)PRACH-driven closed loop correction may be facilitated by a periodic or semi-persistent CFRA transmission from the UE, followed by a response message from the network.
· An NPRACH design that is robust to time and frequency errors (e.g., the one based on restricted preambles in Section 4 of this contribution) is especially suitable for this.

Proposal R-1: Include Observation R-1 in the TR, in the context of current or future study and support of long connections for eMTC and NB-IoT over NTN, as it relates to uplink synchronization aspects.  
Proposal R-2: RAN1 to consider potential enhancements to (N)PRACH design, depending on the requirements for satellite location accuracy and UE’s own geolocation accuracy at the UE.
· The design should also consider facilitating closed-loop time and/or frequency corrections.

Observation R-2: Restricting alternate starting subcarriers for NPRACH transmissions allows to correct for potentially large initial uplink frequency synchronization errors (e.g., up to 1 kHz)
· Such a scheme may facilitate UE power savings by relaxing the frequency and accuracy of GNSS fixes and/or satellite ephemeris reads required.
· Such a scheme may also facilitate NPRACH-driven closed-loop corrections of time and frequency errors in connected mode, thereby reducing the power penalty from frequent GNSS fixes.

Proposal R-3: Include Observation R-2 in the TR, in the context of current or future study for eMTC and NB-IoT over NTN, as it relates to uplink synchronization aspects.
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