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In RAN #95e meeting, a new WI for study on IoT NTN enhancements was approved [1]. The objectives of the study include:
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.
In this contribution, we discuss our considerations on GNSS operation enhancements.
Discussion
In the previous meetings, RAN1 has nailed down high level structures for GNSS enhancement. Only some remaining issues to be resolved before rendering the overall system being workable. In this document, we continue providing our views on the remaining issues. 
GNSS measurement gap determination
The first issue is the determination of periodically triggered GNSS measurement gap. In RAN1#110b meeting we have agreed to let eNB to trigger UE to perform GNSS measurement via MAC-CE. Moreover, in RAN1#112 meeting two alternatives were agreed to be considered for determining the gap location. 
	Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc



While in RAN1#113, further agreement was made as follows:
	Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the start time of the gap:
· Alt 1: should be at n+ X, where n is the end of MAC CE receiving subframe/slot and X>= 12ms for NB-IoT, X>= 3ms for eMTC 
· Note: X is one value regardless of HARQ feedback enabled or disabled for the MAC CE
· FFS: details, e.g. X is predefined value or configured value 
· Alt 2: should be at n+ X1, where n is the end of MAC CE receiving subframe/slot when HARQ feedback for the MAC CE is disabled and X1>= 12ms for NB-IoT, X1>= 3ms for eMTC, or should be at p+ X2, where p is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled 
· FFS: details, e.g. X1 and X2 are predefined value or configured value, including whether X1 and X2 can be the same
· Alt3: should be at p+ X, where p is the end of HARQ feedback transmission subframe/slot, where HARQ feedback for the MAC CE is always enabled
· FFS: details, e.g. X is predefined value or configured value



Among these three alternatives, we think that the Alt-3 reverts the agreement from RAN1#112, where the reference timing is n instead of p. Otherwise, the aperiodic triggering is motivated by the fact that the network wants the UE to perform GNSS measurement as quick as possible because the UE remaining GNSS validity duration may be quite restrcted in time. Thus, the Alt-3 obviously delays the starting time for the GNSS measurement gap.  For Alt-1, we think it achieves the goal of quick switching the UE to GNSS mode and performs the GNSS re-acquisition. For Alt-2, the intention is to let the UE quickly perform the GNSS measurement when the MAC-CE is carried in a disabled HARQ process; while wait until the HARQ feedback is sent before switching to GNSS mode when the MAC-CE is carried in an enabled HARQ process. This is a good compromise and it is fully contolled by the network to balance the quickness and triggering accuracy. 
Proposal 1: RAN1 adopts Alt-2 for GNSS measurement gap starting time determination. 
UE PDCCH monitoring within GNSS measurement gap
When UE is triggered to perform GNSS re-acquisition within the measurement gap, it may terminate the measurement before the gap end, in this case, in last meeting RAN1 agrees to let UE report implicit information to the network to inform the network about the success of GNSS re-acquisition, where the implicit information may be either the updated GNSS validity duration or any UL transmission from the UE according to the agreement in below:
	Agreement
The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
· Alt-1: The UE will report the new GNSS validity duration 
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement

Agreement
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.



For Alt-1, in the context of NB-IOT, the reporting is based on network scheduling and it is important for the UE to define a clear NPDCCH monitoring within the measurement gap. It is to note that the network may not know exactly when the UE finishes the GNSS re-acquisition and if the network intends to do a blind scheduling, not only will it cause spectrum waste, but also it results in the power consumption waste for both UE and eNB power consumption. In this regards, we suggest that after the UE GNSS re-acquisition the UE will start to monitor NPDCCH only after the UE sends the SR.
For Alt-2, the network may configure the SPS and the UE may send SPS to inform the network about the success of GNSS re-acquisition. However, given that the GNSS measurement gap has often long duration, the configured SPS may cause a waste of spectrum efficiency. 
Observation 1: The network may not know exactly when the UE finishes the GNSS re-acquisition and if the network intends to do a blind scheduling, not only will it cause spectrum waste, but also it results in the power consumption waste for both UE and eNB power consumption. 
Observation 2: The GNSS measurement gap has often long duration, the configured SPS may cause a waste of spectrum efficiency.
Proposal 2: After the UE GNSS re-acquisition the UE will start to monitor NPDCCH only after the UE sends the SR.
GNSS measurement procedure
	Agreement
From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
RAN1 will decide further details of the above.

Agreement
For NB-IoT and eMTC, at least for the case where the network configuration does not include a periodicity (if supported), for autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, the start time of the autonomous GNSS measurement timer is based on the original GNSS validity duration.
· FFS: additional delay and details of delay (if any), e.g. delay can be zero or can be equal to/larger than the duration X where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
· Note1: Autonomous GNSS re-acquisition mechanism is enabled or disabled by network.
· Note2: The length of GNSS measurement timer can be configured by network and the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the length of GNSS measurement timer is not configured
· Note3: The autonomous GNSS re-acquisition can be periodic in certain conditions without further spec impact




The remaining issue for the UE autonomous GNSS re-acquisition are two points: 1) it is agreed that the UE can be allowed to continue performing UL transmission even after GNSS validity duration ends, but the UL transmission is only allowed for a duration of  X. 
The duration is configured by the network according to whether the closed-loop TA adjustment is sufficient to correct the remaining error coming from the GNSS invalidity. Therefore, the value of X, i.e. the duration for such exceptional UL transmission tolerance is highly probably not a fixed value. 
Observation 3: the value of X is likely not a fixed value, which is relevant to how accurate the network can correctly receive the UL transmission even without valid GNSS via only closed-loop TA adjustment. 
With the above analysis, a strightforward solution is to set the X to be the duration of the TAT timer expiry time, i.e. when the GNSS validity duration is expired, as long as the TAT timer is still running, the UE is allowed to perform UL transmission using the current GNSS data till the UE receives the aperiodic triggering or the TAT timer stops running. By this solution, the network can control the duration X by either TAC or aperiodic triggering. Moreover, as already agreed in RAN1, this whole function can be disabled by the network if the network deems unreliable. 
Proposal 3: the value of X can be depending on the TAT timer expiry time.
Proposal 4: the network should be able to dynamically adjust the value of X according to real circumstances. 
Regarding the procedure, UE expects the network to trigger GNSS measurement only within the GNSS validity duration. If the UE receives a trigger signal from the eNB within the GNSS validity duration, the UE will re-acquire the GNSS in a gap.  After the gap duration ends, if the UE does not complete the GNSS acquisition within the gap, the UE will go to idle mode. Otherwise, the UE re-initiate the GNSS validity duration and resumes in-sync phase as shown in Fig. 1.
[image: ]
Fig. 1: UE GNSS re-acquisition procedure when UE receives a triggering from eNB
[image: ]
Fig. 2: UE autonomous GNSS re-acquisition procedure
On the other hand, when the GNSS validity timer expires and the UE still does not get the trigger signal from the network to re-acquire the GNSS, the UE can autonomously perform the GNSS measurement without having to wait for eNB’s triggering. Since the GNSS validity duration is controlled by the network, even the UE reports a recommended validity duration the network can still make a more optimistic or conservative decision on the eventual configured GNSS duration. For example, when the network deems that the closed-loop synchronization adjustment can still maintain a satisfactory synchronization outside the UE recommended GNSS duration, the network can make the configured GNSS duration longer. With this, the network has the full flexibility during the GNSS validity duration to either adjust the UE uplink synchronization or trigger UE to perform GNSS measurement. While, after the GNSS validity timer expires, the UE should perform GNSS measurement autonomously.  On the other hand,  after UE starts to perform GNSS measurement, if UE does not complete the GNSS measurement within a measurement duration as shown in Fig. 2, the UE should go to idle to have an aligned UE behavior with R17. 
Proposal 5: UE expects the GNSS re-acquisition triggering from eNB within the GNSS validity duration.
Proposal 6: UE shall autonomously performs GNSS acquisition if the UE does not receive GNSS re-acquisition triggering until the end of the GNSS validity duration.
Proposal 7: UE goes to idle if the GNSS acquisition fails within the measurement gap. 
On the other hand, it should be discussed whether the UE needs to perform a RACH procedure to adjust the TA after accomplishing the GNSS measurement and also informs the eNB that the UE returns to eMTC/NB-IOT operation. Alternatively, the eNB could be in charge of handling this issue, as the eNB knows the measurement gap, it can start to schedule the UE to report assistance information. However, the potential issue is that the eNB does not know a priori whether the UE has accomplished the measurement. For example, if the UE is not able to update the GNSS data within the measurement gap, the UE cannot transmit the assistance information. Thus, as the eNB does not know this, what it can do is a blind scheduling, leading to a waste of resources, which further reduces the system spectral efficiency. 
Proposal 8: UE needs to perform RACH procedure after accomplishing the GNSS measurement to inform the eNB that the measurement is accomplished. 
Conclusion
This contribution discusses our considerations on GNSS operation enhancements and provides the following observations and proposals.
Observation 1: The network may not know exactly when the UE finishes the GNSS re-acquisition and if the network intends to do a blind scheduling, not only will it cause spectrum waste, but also it results in the power consumption waste for both UE and eNB power consumption. 
Observation 2: The GNSS measurement gap has often long duration, the configured SPS may cause a waste of spectrum efficiency.
Observation 3: the value of X is likely not a fixed value, which is relevant to how accurate the network can correctly receive the UL transmission even without valid GNSS via only closed-loop TA adjustment. 

Proposal 1: RAN1 adopts Alt-2 for GNSS measurement gap starting time determination.
Proposal 2: After the UE GNSS re-acquisition the UE will start to monitor NPDCCH only after the UE sends the SR.
Proposal 3: the value of X can be depending on the TAT timer expiry time.
Proposal 4: the network should be able to dynamically adjust the value of X according to real circumstances. 
Proposal 5: UE expects the GNSS re-acquisition triggering from eNB within the GNSS validity duration.
Proposal 6: UE shall autonomously performs GNSS acquisition if the UE does not receive GNSS re-acquisition triggering until the end of the GNSS validity duration.
Proposal 7: UE goes to idle if the GNSS acquisition fails within the measurement gap. 
Proposal 8: UE needs to perform RACH procedure after accomplishing the GNSS measurement to inform the eNB that the measurement is accomplished. 
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