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1 Background
In the previous RAN1 meeting (RAN1#104-e), the following agreements were made under this agenda item:
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:
Discuss whether GNSS measurement window is needed and beneficial for initial access.

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

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

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 delay and Doppler during long UL transmission on PRACH 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.

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. Proposals without any color codes (i.e., not red or orange) contain useful optimizations.


2 Downlink Synchronization
2.1 Accuracy of downlink frequency synchronization

Terrestrial NB-IoT and eMTC UEs assume a 100 kHz channel raster. Assuming a standard oscillator accuracy of , on an S-band NTN network,  UEs may have a max. initial frequency error of up to (20 𝑝𝑝𝑚) × (2×10^9 ) + (7.5×10^3) =47.5 𝑘𝐻𝑧. In contrast, for terrestrial NB-IoT, assuming 900MHz carrier frequency, the max. initial frequency offset ≈ (20 𝑝𝑝𝑚) × (0.9×10^9) + (7.5×10^3) =25.5 𝑘𝐻𝑧. Further, in NTN, there may be additional frequency offsets (FOs) due to satellite movement. As a combined result, the UE may lock on to an incorrect Ncell frequency (by up to 100 kHz), as shown in Fig. 1 below.
[image: ]
Figure 1: Illustration of UE estimating an incorrect frequency corresponding to a Ncell.
Observation E-1: In S-band frequencies, the frequency error during initial downlink synchronization (initial cell access) can be up to 47.5 kHz + .
In order to mitigate the above possibility of a UE locking on to an incorrect (N)cell frequency, RAN1 may need to consider solutions that resolve this issue. Examples of solutions include increasing the raster size from 100 kHz, including a portion of the Absolute Radio Frequency Channel Number (ARFCN) in the (NB-)MIB, and the like.
Proposal E-1: RAN1 to specify solutions to prevent a UE from locking on to an incorrect frequency corresponding to a Ncell, including:
· increasing the raster size 
· including a portion of the ARFCN in the (NB-)MIB.
2.2 Deployment modes and NPBCH RE mapping

[bookmark: _Hlk68528375]As discussed in our contribution on applicable scenarios [2], we think NB-IoT over NTN should support a standalone as well as in-band/guard-band of NR mode, and specifically, not support an in-band with LTE mode. In this setting, due to NR not having the “always on” CRS and PDCCH control region, we can map the NPBCH to a larger set of REs, thereby improving coverage by , as shown in Fig. 2.
Proposal E-2:  Support NB-IoT over NTN in standalone and in-band/guard-band with NR modes only.
Proposal O-1: Include the first three symbols in a subframe as well as the REs corresponding to the 4 CRS ports for rate matching the NPBCH. 
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Figure 2: Current time-frequency structure of an NPBCH subframe.
3 GNSS aspects for uplink synchronization
3.1 Parameters for evaluation of power consumption

To evaluate the power consumption impact of reading GNSS to maintain uplink synchronization (by appropriately pre-compensating the time and frequency offsets), we provide some reference parameters associated with the different transmit and receive operations that a UE may perform during establishing and maintaining a connection. 
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: 


3.2 Power consumption—short, sporadic connections 

We model a short, sporadic connection according to Fig. 3 below. Essentially, the IoT UE is assumed to transmit its payload once every  hrs, once every  hrs, etc; after transmitting the payload, the UE’s connection is released, and it goes back into deep sleep mode, until before the next transmission occasion.  

[image: ]
Figure 3: Short, sporadic transmissions for IoT over NTN.

In this setting, we observe that, acquiring a GNSS fix before every connection results in  of the UE’s total power consumption resulting from GNSS alone. While there may be subtle differences depending on exact implementation, the general observation that GNSS consumes a significant chunk of the UE’s power—and thereby, directly reduces the expected battery life of the UE—is valid.
Observation E-2: Under the studied scenario of short, sporadic connections, a GNSS fix before every connection consumes approximately  of the UE’s total available energy.
For UEs that are mobile, e.g., say tracking devices, etc., that are operating in this short, sporadic connection paradigm, this power penalty due to GNSS cannot be mitigated significantly, under the purview of Release 17 assumptions of GNSS-based uplink pre-compensation.
However, for UEs that are fixed, e.g., smart meters, etc, these UEs may be able to save power by having a much more relaxed (e.g., once a week, or once a month, depending on the setting) GNSS fixing schedule.   
3.3 Power consumption—long connections (e.g., based on CDRX)

We model an example long connection according to Fig. 4 below. In this instance, the IoT UE may remain in connected mode for a significantly longer duration of time than the short, sporadic connections described above. These may be facilitated e.g., via connected mode DRX (CDRX), wherein much larger payloads are transmitted or received by the UE during the longer connection.  [image: ]
Figure 4: Long connection with connected mode DRX for IoT over NTN.

In this setting, we observe that a GNSS fix before every uplink transmission occasion (which, in the absence of other mechanisms, may end up being required to maintain uplink synchronization accuracy within specified limits) results in  of the UE’s total power consumption resulting from GNSS fixes. While (as described above) we can mitigate this somewhat for fixed UEs, for mobile UEs (especially UEs moving at high speeds), without other enhancements to connected mode synchronization, we may not be able to avoid this hit to the UE’s power consumption on account of GNSS fixes.
Observation E-3: Under the studied scenario of a long connection employing connected mode DRX (with a DRX cycle of ), a GNSS fix before every uplink transmission consumes approximately  of the UE’s total available energy without additional enhancements w.r.t uplink synchronization.
· This is especially true for mobile UEs that cannot depend on a prior acquired GNSS fix 
3.3.1 The case for (N)PRACH-driven closed-loop corrections
 
We argue, in this subsection, that the above 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 6 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. 5 below.
[image: ]
Figure 5: Relaxed GNSS fixing using (N)PRACH-based closed loop corrections.
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 the baseline scheme in Fig. 4—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, as shown in Fig. 4)
	

	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 6 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 SIB (for ephemeris) aspects for uplink synchronization
4.1 SIB reading power consumption
  
In this subsection, we evaluate the potential impact on the UE’s power consumption, of frequently reading the serving satellite’s location-related information. A rough estimate of the worst-case power consumption (notwithstanding the unrealistic assumptions on scheduling that this assumes) can be made, based on Fig. 6 below, which assumes that the UE reads SIB before every uplink transmission.
[image: ]
Figure 6: Idealized depiction of UE reading a SIB containing satellite location information before every uplink transmission.
While even in this setting, we observe the power penalty from SIB reading to not be overly significant (almost always capped at  of the total power consumption or less), we stress that the depiction in Fig. 6 is unrealistic from a scheduling perspective. We address related concerns and solutions in the next subsection.
4.2 Impact on efficient uplink/downlink scheduling
   
For half-duplex UEs (i.e., all NB-IoT UEs and several eMTC UEs), a requirement to read a SIB containing satellite location information immediately before every uplink transmission is unrealistic from a scheduling standpoint. This is because the SIBs are broadcasted according to a preconfigured timeline, and at least for some occasions, uplink scheduling may collide with an optimal SIB reading occasion—i.e., a SIB that is the latest to start before the scheduled uplink transmission. In such an event, if uplink transmission is allowed only if the latest SIB before it is read by the UE, this may lead to dropped uplink transmission (example shown in Fig. 7).
[image: ]
Figure 7: Mandating SIB read for satellite location immediately preceding every uplink transmission may result in dropped uplink transmissions for several UEs.
Observation E-4: If a half-duplex UE (i.e., all NB-IoT and some eMTC UEs) is mandated to read the SIB (containing satellite location information) immediately preceding every uplink transmission, this may lead to dropped uplink transmissions.
However, as has been described by satellite providers before, there isn’t a need to specify such a requirement to read SIBs containing satellite location information immediately before every uplink transmission. Instead, once a SIB is read by a UE, it may remain valid for a certain duration of time, within which the UE may not be expected to reacquire a SIB before performing uplink transmission. As such, when the notion of ephemeris/GNSS (reflected as time and frequency) synchronization validity is defined (see the next section), there is no need to read SIBs in connected mode—especially for short, sporadic connections, as described in Section 3.2; if synchronization failure occurs, as a simple candidate solution, radio link failure (RLF) can be triggered, as we describe in the next section.
Proposal E-3: At least for short, sporadic connections, a SIB containing satellite location information is not read in connected mode.
5 Synchronization validity, failure, and recovery
As we described in Section 4.2 above, it is not practical to have every UE read satellite location information before every transmission. This is due to the described potential scheduling conflicts, as well as the observation that a satellite location information from some the past may be valid for a certain duration of time (e.g., s of seconds).
Further, we would like to note that the specifications do not have an obvious restriction to connection length (e.g., the situations depicted in Section 3.2 for short, sporadic connections, and in Section 3.3 for long connections). 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-5: An implicit way to limit connection length for eMTC/NB-IoT over NTN is via the definition of synchronization validity.
5.1 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-4: RAN1 to 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.

5.2 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 some solutions next.
5.2.1 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-5: RAN1 to introduce a mechanism that triggers RLF when the GNSS and/or ephemeris information at the UE is (are) outdated:
	- FFS details
5.2.2 Other synchronization recovery methods
 
While triggering RLF may be the simplest UE behaviour upon synchronization failure, it may not be the best solution in all cases. For example, if the UE can determine—in the course of a continuing connection—that the synchronization failure is due to stale satellite location information (and not due to a stale GNSS fix), the UE may indicate to the network that it needs to re-acquire SIBs, and that the network should refrain from scheduling the UE with an uplink during this UE-triggered scheduling gap. Other options for synchronization failure recovery may include the UE transmitting an (N)PRACH preamble dedicated for resynchronization purposes, and obtaining a closed-loop fix in response (e.g., as described in Section 3.3.1), before it can be scheduled with uplink transmissions again.
Proposal O-2: RAN1 to consider non-RLF mechanisms for handling outdated ephemeris/GNSS information, including:
· UE triggered scheduling gap, prioritizing re-acquiring synchronization, e.g., via reading SIB.
· Transmission of specially designated (N)PRACH preambles, and reception of corresponding closed-loop correction commands.
· Other relevant solutions.
5.3 Dedicated satellite location information to UEs
 
A way to avoid potentially frequent occurrences of synchronization failure events (e.g., due to the last SIB read being too stale for accurate satellite location tracking) would be to include satellite location information in a dedicated unicast transmission (as opposed to SIB-based broadcast) to the UE—potentially temporally associated with the scheduling of an uplink transmission. One way of doing this, would be to have a DCI that schedules an uplink transmission to also schedule a corresponding downlink grant ((N)PDSCH) containing satellite location information, that precedes the uplink grant (depicted in Fig. 8). This mode of conveyance of satellite location information may be an adjunct to the SIB-based satellite location broadcast to all UEs: especially for UEs with sparse uplink transmissions in time, the overhead penalty from dedicated transmission may be mitigated by the more robust maintenance and better accuracy of time and frequency synchronization for uplink transmissions.
[image: ]
Figure 8: Communication of dedicated satellite location information to a UE, preceding an uplink grant.
Proposal O-3:  RAN1 to consider, in addition to the SIB-based broadcast mode of transmission, a dedicated unicast transmission of satellite location information to UEs.
· Such a dedicated transmission may precede an uplink grant, to ensure maintenance and better accuracy of uplink synchronization, and minimize synchronization failure events.
· An example of the above would be for a DCI that schedules an uplink transmission to also schedule a downlink (N)PDSCH, carrying satellite location information, preceding the uplink grant.
6 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 3.3.1 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. 9 below, where “alternate starting subcarriers” can be selected by UEs for CBRA.
[image: ]
Figure 9: Example of "restrictions" on starting NPRACH subcarriers for CBRA. Alternate starting subcarriers may be selected for NPRACH transmission by a UE.
We show in Fig. 10 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. 10, 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.
[image: Chart, line chart
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Figure 10: 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.
7 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.
7.1 Essential for Release 17
 
Observation E-1: In S-band frequencies, the frequency error during initial downlink synchronization (initial cell access) can be up to 47.5 kHz + .
Proposal E-1: RAN1 to specify solutions to prevent a UE from locking on to an incorrect frequency corresponding to a Ncell, including:
· increasing the raster size 
· including a portion of the ARFCN in the (NB-)MIB.
Proposal E-2:  Support NB-IoT over NTN in standalone and in-band/guard-band with NR modes only.
Observation E-2: Under the studied scenario of short, sporadic connections, a GNSS fix before every connection consumes approximately  of the UE’s total available energy.
Observation E-3: Under the studied scenario of a long connection employing connected mode DRX (with a DRX cycle of ), a GNSS fix before every uplink transmission consumes approximately  of the UE’s total available energy without additional enhancements w.r.t uplink synchronization.
· This is especially true for mobile UEs that cannot depend on a prior acquired GNSS fix 
Observation E-4: If a half-duplex UE (i.e., all NB-IoT and some eMTC UEs) is mandated to read the SIB (containing satellite location information) immediately preceding every uplink transmission, this may lead to dropped uplink transmissions.
Proposal E-3: At least for short, sporadic connections, a SIB containing satellite location information is not read in connected mode.
Observation E-5: An implicit way to limit connection length for eMTC/NB-IoT over NTN is via the definition of synchronization validity.
Proposal E-4: RAN1 to 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-5: RAN1 to introduce a mechanism that triggers RLF when the GNSS and/or ephemeris information at the UE is (are) outdated:
	- FFS details
7.2 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 6 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.

7.3 Useful optimizations
 
Proposal O-1: Include the first three symbols in a subframe as well as the REs corresponding to the 4 CRS ports for rate matching the NPBCH. 
Proposal O-2: RAN1 to consider non-RLF mechanisms for handling outdated ephemeris/GNSS information including:
· UE triggered scheduling gap, prioritizing re-acquiring synchronization, e.g., via reading SIB.
· Transmission of specially designated (N)PRACH preambles, and reception of corresponding closed-loop correction commands.
· Other relevant solutions.
Proposal O-3:  RAN1 to consider, in addition to the SIB-based broadcast mode of transmission, a dedicated unicast transmission of satellite location information to UEs.
· Such a dedicated transmission may precede an uplink grant, to ensure maintenance and better accuracy of uplink synchronization, and minimize synchronization failure events.
· An example of the above would be for a DCI that schedules an uplink transmission to also schedule a downlink (N)PDSCH, carrying satellite location information, preceding the uplink grant.
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