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For GNSS operation improvement for IoT NTN, there were some agreements on GNSS validity and GNSS measurement in RAN1 #112bis-e meeting. 
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
UE reports one GNSS position fix time duration for GNSS measurement via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] 
· FFS: other component values
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.
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
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

In this contribution, we further analyze relevant issues for GNSS measurement improvement and provide our views on these issues.
Discussion
0. Indication of GNSS measurement success
In the RAN1 #112 meeting, regarding the indication of GNSS measurement, there are two candidates, one is report the GNSS validity duration, and another is using dedicated UL signal to indicate successful GNSS measurement. For the first option, it is not workable in some cases. If the validity duration of new GNSS position fix is same as the old duration, UE is not required to report the new GNSS validity duration. Moreover, if UE has lost UL synchronization, it is impossible to report the GNSS validity duration.
When UE has finished the GNSS measurement, e.g. during or after the measurement window, UE should firstly get the DL synchronization or reference signal to recover the DL signaling, because if the UE has not received the DL signals for long time, UE will be in out of sync. And consequently UE may send PRACH signal to network for UL synchronization refinement, and inform the network the completion of GNSS measurement. The whole procedure is more like as the UL out-of-synchronization. One dedicated PRACH resource can be configured to the UE for UL re-synchronization and the completion indication of GNSS measurement.
If UE is configured to measure the GNSS signal before the GNSS expiry, it is possible that TA timer is not expired. In this case, UE can be scheduled as normal connected user for data transmission. However, it will waste the GNSS validity and degrade UE power consumption. When GNSS measurement is performed after its expiry, even if UE needs to send PRACH to recover its UL synchronization, but it is deserved, because UL re-synchronization time is far less than GNSS measurement duration. Hence, early GNSS measurement before its expiry is not efficient and waste UE’s power.
Because UE GNSS measurement is triggered by the eNB, eNB can know when the GNSS measurement is happening. And last GNSS validity duration is known by the eNB, so whenever UE perform the GNSS measurement, new GNSS expiry time is clear to eNB. It is not necessary to report its new GNSS validity duration even if UE is indicated to do GNSS position fix before GNSS expiry.
Observation 1: UE is not necessary to report the new GNSS validity duration if it is same as old GNSS validity duration. 
Observation 2: Early GNSS measurement before its expiry makes UE waste its power consumption.
Proposal 1: It is not recommended to enforce UE to conduct GNSS measurement before its position expiry. 
Proposal 2: UE should send PRACH signal to indicate network when the GNSS measurement is successful.

0. UL transmission after original GNSS validity duration  
There were some discussions on the extension of RRC connection duration, which is used to allow UL transmission after original GNSS validity expires without GNSS re-acquisition. However, it depends on how to define the validity. If UE is aware of its moving speed, UE can acquire accurate validity duration. Then UE can report accurate validity duration to network. In this case, it seems unnecessary to have another extension for RRC connection duration for IoT UE. Regarding close-loop time correction, current TAC mechanism has already been supported, hence, UE should consider its benefit of close-loop TA compensation. 
If frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed. However, the controversial point is that if UE determines the GNSS validity duration by assuming close-loop correction is already effective, the additional GNSS validity duration extension is not needed.
Proposal 3: If the determination of GNSS valid duration has considered the gNB close-loop correlation, additional UL transmission should be forbidden after original GNSS validity duration expires without GNSS re-acquisition. 

0. MAC CE configuration for aperiodic GNSS measurement gap triggering
Regarding the MAC activation, in general, measurement gap can be started immediately. However, some companies thought MAC CE effective time should be aligned between nodeB and UE. Then it agreed the following three alternatives at the last meeting:
· 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

Alt1 doesn’t consider the HARQ feedback disabled or enable, so one fixed time X is assumed. If X corresponds to UE processing time, this is one simple solution. Alt2 differentiates the HARQ disabled or enabled. For enabled case, the effective time of MAC CE is extended, e.g considering the propagation delay between satellite and UE. While in Alt 3, it always assumes MAC CE needs HARQ-ACK feedback.  
The key point is whether MAC CE feedback is need or not. In general, when NodeB sends one MAC command to UE, if no HARQ-ACK is used, there is one risk to have different understanding for UE and nodeB in GNSS measurement procedure. In this sense, Alt3 is reasonable.
[bookmark: _GoBack]Proposal 4: In order to have same understanding for UE and NodeB at MAC CE effective timing, Alt3 is supported.   

Conclusion
In this contribution, we analzyed potential issues of reacquiring GNSS position fix, and some proposals are made as the follows:
Observation 1: UE is not necessary to report the new GNSS validity duration if it is same as old GNSS validity duration. 
Observation 2: Early GNSS measurement before its expiry makes UE waste its power consumption.

Proposal 1: It is not recommended to enforce UE to conduct GNSS measurement before its position expiry. 
Proposal 2: UE should send PRACH signal to indicate network when the GNSS measurement is successful.
Proposal 3: If the determination of GNSS valid duration has considered the gNB’s close-loop correlation, additional UL transmission should be forbidden after original GNSS validity duration expires without GNSS re-acquisition. 
Proposal 4: In order to have same understanding for UE and NodeB at MAC CE effective timing, Alt3 is supported.    
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