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1. [bookmark: _Toc120549591][bookmark: _Hlk521259925]Introduction
During last RAN1 meeting, GNSS measurement schemes in connected states and detailed configurations were discussed, and progresses were achieved on the aperiodic GNSS measurement and autonomous GNSS measurement for long connection times in IoT NTN [1]. In this contribution, we will discuss and share our views on the remaining issues of improved GNSS operations during long connection times for IoT NTN.
2. Discussion
2.1 GNSS measurement gap configuration
Considering that UE calculates timing advance and frequency adjustment based on acquired GNSS position during long transmission in IoT NTN, since the GNSS has a limited validity duration, timing advance value calculated based on GNSS position fix may be not available or sufficiently accurate when the GNSS becomes outdated during the long transmission. To ensure the GNSS positioning accuracy in long transmission times, it is supported that UE can re-acquire GNSS position fix within a gap if eNB aperiodically triggers UE to perform the GNSS measurement during long connection time.
Regarding the configuration of GNSS measurement gap, how to determine the length and start time of GNSS measurement gap have been discussed during previous RAN1 meetings. For the issue on when to start the GNSS measurement, it is agreed the start time will be determined based on the time of receiving MAC CE signaling and processing delay to achieve the common understanding between eNB and UE, and the time duration between the end of MAC CE receiving subframe and start of GNSS measurement gap depends on whether HARQ feedback is enabled or disabled, the corresponding agreements achieved in the last RAN1 meeting are listed as below. 
	RAN1#114 Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap 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
· X1 is predefined values, where X1=12ms for NB-IoT, and FFS X1 for eMTC 
· FFS: X2 is predefined value or configured value.
RAN1#114 Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap 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 
· X1=12ms for NB-IoT
· X1=6ms for eMTC


One remaining issue is how to define the delay X2 when HARQ feedback for the MAC CE is enabled. According to the legacy timing relationship specified for HARQ feedback enabled in IoT NTN, UE shall provide HARQ-ACK/NACK feedback starting after the end of  DL subframe for FDD if UE detects a NPDSCH transmission ending in NB-IoT subframe n. From our perspective, if UE decodes the MAC CE triggering signalling successfully, the GNSS measurement gap can start after the end of HARQ feedback as soon as possible. Since p is defined as the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled, which already takes the processing delay into consideration, X2 can be specified as 1 subframe/slot for NB IoT/eMTC NTN.
Proposal 1. For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap 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 is predefined values, X1=12ms for NB-IoT, and X1=6ms 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, X2=1.
Furthermore, it is agreed that the GNSS measurement gap length can be configured by eNB, or equal to the latest UE reported GNSS position fix time duration if the duration for GNSS measurement gap is not configured by eNB, which means the length of GNSS measurement gap configured by network may be a little bit larger than the GNSS position fix time duration requested by UE. Considering the UE behavior within the configured GNSS measurement gap, it has been clarified that UE is not required to transmit or receive any channel/signal before the UE requires GNSS position fix successfully, while CBRA can be sent within the duration after UE completing GNSS measurement to the end of GNSS measurement gap.   
	[bookmark: _Hlk142246412]RAN1#113 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.
RAN1#113 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
RAN1#114 Agreement
Network can configure the length for GNSS measurement gap via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· FFS: other component values
· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, and whether the configuration is by RRC or MAC CE
RAN1#114 Agreement
The UE is not required to monitor N/MPDCCH within the aperiodic GNSS measurement gap, except after a CBRA (PRACH) is sent.
· CBRA (PRACH) can be sent at least to request UL resource to report the remaining GNSS validity duration.
· Note1: The CBRA (PRACH) can only be sent within the duration after UE reacquires GNSS successfully to the end of the gap.
· Note2: Whether CBRA (PRACH) is sent is up to UE implementation.
· Note3: no change to existing CBRA procedures
· FFS: whether other RA procedure is needed.


From our perspective, the CBRA procedures can be supported for the purpose on UL resource request to report assistance information since there is no additional spec impact on existing RA procedure and UE behaviors. While whether other RA procedures, i.e., CFRA procedure, are necessary within the GNSS measurement gap can be further discussed. From our understanding, UE needs to transmit preamble based on the dedicated RACH resources configured by RRC reconfiguration for CFRA procedure, however, RRC reconfiguration is not supported for NB IoT UEs. Thus, we think there is no need to support CFRA procedure or any other RA procedure within the GNSS measurement gap. Otherwise, network may need to additionally allocate time/frequency resource for UE to transmit or receive channel/signal within GNSS measurement gap.
Proposal 2. The UE is not required to monitor N/MPDCCH candidates within the aperiodic GNSS measurement gap duration, if UE re-acquires GNSS position fix successfully before the end of the gap, CBRA (PRACH) can be sent depending on UE implementation and no other RA procedure is needed.
2.2 UL transmission after original GNSS validity duration expires
Considering one motivation for IoT NTN is investigating power efficient operation in order to support extended battery lifetime, mechanism for GNSS position fix updating that can achieve a trade-off between power saving and effective synchronization performance based on GNSS position has been investigated. It is supported that the UL transmission can still be performed in a duration X after original GNSS validity duration expires with legacy closed loop time correction, and UE can start to re-acquire GNSS position fix autonomously when the duration X (if any) expires. 
	RAN1#113 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.
RAN1#114 Agreement
From RAN1 perspective, down select one for the duration X:
· Alt-3: when timeAlignmentTimer is not infinity, X is equal to remaining timeAlignmentTimer; when timeAlignmentTimer is infinity, X is equal to Y;
· FFS: whether X can be used to extend the original GNSS validity duration 
· Y is a configured value.
Note 1: The feature can be enabled/disabled by network
Note 2 (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.


Considering the remaining issue on whether duration X can be used to extend the original GNSS validity duration, there are two different understanding:
· Option 1: If duration X is provided, the remaining GNSS validity duration of current GNSS position fix can be extended by duration X, e.g., the new remaining GNSS validity duration equals to the original GNSS validity duration plus the duration X. 
· Option 2: Even if duration X is provided, the remaining GNSS validity duration keeps unchanged. After GNSS validity duration becomes invalid, UE still can perform UL transmission in the time period of duration X. That also imply that UE doesn’t need to start GNSS measurement till end of duration X.
In the RAN1#114 meeting, it is agreed that duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition, and duration X and Y is also clarified from RAN1 perspective. Our understanding is the UL transmission can be performed based on remaining timeAlignmentTimer (i.e. duration X) or configured value (i.e. value Y) after GNSS validity duration. That is, the original GNSS validity duration is not changed, which will not affect other operations based on the original GNSS position fix. Therefore, we think Option 2 is reasonable and aligned with RAN1 agreements.
Proposal 3. For UL transmission after GNSS validity duration expires:
· The duration X is equal to remaining timeAlignmentTimer when timeAlignmentTimer is not infinity; X is equal to Y when timeAlignmentTimer is infinity; Y is configured by eNB.
· Even if duration X is provided, the original remaining GNSS validity duration keeps unchanged. After GNSS validity duration expired, UE still can perform UL transmission in the time period of duration X.  
2.3 Success of GNSS measurement
The issue on whether UE needs to indicate the success of GNSS measurement and whether to report updated GNSS validity duration after re-acquiring GNSS position fix successfully have been discussed, and it is agreed in RAN1#114 meeting that every time after successful GNSS measurement, UE reports the new remaining GNSS validity duration. One remaining issue needs to be clarified is whether UE should report the new remaining GNSS validity duration within a duration D.
	RAN1#114 Agreement
In RRC connected, every time after successful GNSS measurement, UE reports the new remaining GNSS validity duration.
· FFS: Whether UE should report the new remaining GNSS validity duration within a duration D.


From our perspective, after UE completes the GNSS measurement, UE can perform RACH procedure for UL resource request or UL transmission based on the configured resources, either way is feasible for UE to report the new remaining GNSS validity duration and inform eNB the success of GNSS measurement implicitly as soon as possible. 
Considering the scenario where large UL repetitions are transmitted during the long connection, as the timing of NB-IoT/eMTC operation and GNSS operation is aligned between eNB and UE, the continued UL transmission after UE finishing the GNSS measurement based on the network configuration can inform eNB that UE already completes the GNSS measurement successfully. Besides, if there is no immediate UL transmission after GNSS measurement, the new validity duration reporting can be triggered by UE immediately. Therefore, we don’t see a need to restrict UE to report the new remaining GNSS validity duration within a duration D, otherwise, the length of duration D needs to be further clarified and additional spec impact will be introduced.
Proposal 4. In RRC connected, every time after successful GNSS measurement, UE reports the new remaining GNSS validity duration. 
· There is no need to introduce the restriction that UE should report the new remaining GNSS validity duration within a duration D.
3. Conclusions
In this contribution, we mainly share our views on improved GNSS operations for a new position fix for UE pre-compensation during long connection times. The observation and proposals are summarized as follows:
Proposal 1. For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap 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 is predefined values, X1=12ms for NB-IoT, and X1=6ms 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, X2=1.
Proposal 2. The UE is not required to monitor N/MPDCCH candidates within the aperiodic GNSS measurement gap duration, if UE re-acquires GNSS position fix successfully before the end of the gap, CBRA (PRACH) can be sent depending on UE implementation and no other RA procedure is needed.
Proposal 3. For UL transmission after GNSS validity duration expires:
· The duration X is equal to remaining timeAlignmentTimer when timeAlignmentTimer is not infinity; X is equal to Y when timeAlignmentTimer is infinity; Y is configured by eNB.
· Even if duration X is provided, the original remaining GNSS validity duration keeps unchanged. After GNSS validity duration expired, UE still can perform UL transmission in the time period of duration X.
Proposal 4. In RRC connected, every time after successful GNSS measurement, UE reports the new remaining GNSS validity duration. 
· There is no need to introduce the restriction that UE should report the new remaining GNSS validity duration within a duration D.
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