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In RAN1#109-e, a couple of agreements were reached on improved GNSS operation for IoT NTN [1]:
From May 19th GTW session
Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 
· FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time.
Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time.

Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.


Decision: As per email decision posted on May 20th,
Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 
· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.
Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 


In this contribution, enhancements for GNSS operation during long connections of IoT NTN are discussed. 

Enhanced GNSS operation for long-term connections
GNSS measurement in connected mode 
The main characteristics of IoT devices include half duplex transmission mode, large number of repetitions in DL/UL transmission and system information acquisition only in RRC idle mode. In Rel-17, the enhancements in UL time/frequency synchronization are designed under the assumption of sporadic short transmissions. UE acquires GNSS position fix before accessing the network and does not need to re-acquire a GNSS position fix during the sporadic short transmissions. In other words, validity timer for UL synchronization based on GNSS information does not expire by the end of the sporadic short transmissions. UE goes back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated. 
Unlike sporadic short transmission, it is possible that validity timer for UL synchronization based on GNSS expires during long-term connections. Depending on UE mobility, UE in RRC-connected state may need a new GNSS position fix in order to accommodate the accumulated time and frequency errors and reduce the possible radio link failure. As simultaneous cellular and GNSS operation is out of the scope according to the WID, two candidate options were identified for further discussion in RAN1#109-e[2]: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap

In option 1, the RLF procedure consists of 2 phases, i.e. the time duration when T310 is running and the time duration when T311 is running. When UE detects N310 consecutive “out-of-sync” indication (may be due to expiration of GNSS information), the UE detects physical layer problems in RRC_CONNECTED and start timer T310. It is possible for UE to recover from physical layer problems after UE re-acquire GNSS information and detect N311 consecutive "in-sync" indications. The successive higher layer signalling exchange between eNB and UE to re-establish RRC connection can be saved if GNSS position fix is carried out during this phase. However, UE should be configured with long enough T310 to accommodate both the GNSS measurement and at least N311 radio link monitoring occasions. It may reduce the responsiveness of RLF detection. Meanwhile, eNB may still transmit data to UE during this phase as eNB is not aware of the running of T310 timer at UE. It is a waste of radio resource. If UE cannot recover from physical layer problems before T310 expires, UE will start T311 and initiate the procedure of RRC connection re-establishment, during which cell selection procedure might be performed. Although UE is still in CONNECTED mode, the synchronization procedure and higher signalling exchange would be similar as when UE goes to idle mode. 
In Option 2, UE takes the GNSS position fixed during the gap. eNB avoids scheduling data to the UE during the gap if the gap at UE and eNB are aligned. Similar mechanism has been already adopted in NR for inter frequency measurement. The GNSS measurement can be configured based on UE assistance information report discussed in the next section. Based on the discussion above, it is more efficient to re-acquire GNSS position fix during a new gap (Option2) than during RLF procedure (Option1).
Proposal 1: Support for UE to re-acquire GNSS position fix during a new gap, which is assigned by eNB so as to align GNSS position fix between eNB and UE.

In the last meeting, two candidate options were identified for further study for GNSS measurement in long connection, i.e.
· UE triggered GNSS measurement.
· Network triggered GNSS measurement.
As eNB has the knowledge of GNSS validity duration reported by UE, eNB could trigger the GNSS position fix in a measurement gap before the GNSS information expires. For example, the GNSS measurement can be configured in advance compared to the UE reported validity duration by taking data scheduling into consideration as given in Figure 1. Meanwhile, in order to minimize the power consumption on GNSS position fix, the measurement gap could be located before the first transmission which might suffer from GNSS expiration. As the validity duration may change (as discussed in section 2.3), aperiodic triggering by network is more flexible and efficient than periodic configuration for GNSS position measurement. The measurement can be triggered either by MAC CE or RRC signaling considering the GNSS measurement is not that frequent. 
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Figure 1. Advanced GNSS position fix
As well as the network triggered GNSS measurement, UE may also perform GNSS position fix during the DL/UL idle period autonomously. For example, GNSS position fix may happen during the inactive state of UE’s C-DRX. It will be a waste of resources if GNSS position fix is taken too early as GNSS information is not needed during the remaining time of inactive state.  This is for the case that the end of gap for GNSS position fix is before UE enters into active state. When GNSS position fix overlaps with inactive state of UE’s C-DRX, UE can take GNSS position fix just before it enters into active sate as illustrated in Figure 2. And accordingly, the validity of GNSS can be considered to have started at the time when UE enter into active state. With this scheme, the resources for GNSS position fix can be saved especially when the duration of inactive sate is much longer than the validity of GNSS position fix. It should be noted that the timing of GNSS position fix during inactive state is by UE’s implementation, the updated validity duration should be indicated to eNB as assistant information to postpone the following GNSS measurement.
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Figure 2 GNSS measurement during DL/UL idle period 

Proposal 2: Support eNB aperiodically trigger GNSS measurement gap according to the validity duration reported by UE. 
Proposal 3: Support UE trigger GNSS measurement during DL/UL idle period and report updated validity duration. 

Additional GNSS assistance information report
In order to align the measurement gap for GNSS position fix during RRC-connected between UE and eNB, UE-specific report of validity duration of GNSS based on its movement is beneficial. This has already been supported in Rel-17 as follows [3]:
· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
UE can report gnss-validityDuration, which represents the remaining time of the GNSS validity duration in the message of RRCConnectionSetupComplete(-NB), RRCConnectionResumeComplete(-NB) and RRCConnectionReestablishmentComplete(-NB). Once the RRC connection is established, resumed or re-established, the GNSS validity duration is not updated. After the gnss-validityDuration elapses, UE enters IDLE mode. 
The GNSS validity duration reported by UE depends on the most stringent accuracy requirement of different GNSS usages and UE’s velocity. The accuracy requirement of GNSS used for TA compensation is usually higher than that for paging/mobility. Figure 3 illustrate the TA error caused by the movement of UE. It is assumed that the UE is moving at opposite direction from satellite with the velocity of 5m/s. The elevation of satellite at t=0 is 30°. Suppose the timing error caused by GNSS measurement is 30Ts, the time error based on GNSS will exceed the UE transmit timing error requirement (80Ts) after t=50s without closed loop TA adjustment. For the usage of paging/mobility, the GNSS can still be regarded as valid within 300 min assuming the 100km footprint of satellite beam when UE is moving along the diameter of footprint. As UE does not know when and how frequently the Time Advanced Command is indicated, gnss-validityDuration = 50s would be reported. Thus, UE will go to IDLE mode after 50s and re-acquires GNSS position fix. 
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Figure 3. Time error cause my UE movement with speed of 5m/s
When the TA error caused by UE’s movement is compensated by closed loop TAC (with range of (-31~32)*16Ts), it is equivalent to extending GNSS validity duration as long as the residual TA error remains within the acceptable range after UE takes the TAC into account for the TA compensation. If the gnss-validityDuration is not able to be updated after closed loop TA adjustment, the communication between eNB and UE is still going to be interrupted for GNSS position fix according to the last gnss-validityDuration, although it is not necessary from the perspective of synchronization. From this point, the GNSS position fix can be postponed or updated accordingly compared to the reported GNSS validity duration from UE side and the power consumption on GNSS position fix can be saved. 
Additionally, the UE velocity could change much during a long connection. In order to match with the velocity change, it is beneficial to support GNSS validity duration update and report to eNB when UE’s velocity is changed. As discussed in section 2.1, if GNSS position fix is adopted during the RRC connection, the updated validity duration after the GNSS position fix can also be used by eNB to trigger the next GNSS measurement gap. 
Proposal 4: Support UE to update and report GNSS validity duration during connection.

As well as the timing of measurement gap, another information that improve the efficiency of the GNSS position fix is the duration of measurement gap.  The duration for a GNSS position fix can be varied from several seconds to tens of seconds according to GNSS capability and operation mode.  If eNB could configure an appropriated measurement gap based on UE’s report on the measurement capability, the interruption of communication can be mitigated and resource utilization can be improved.  Thus, we propose to introduce a UE capability report on duration of GNSS measurement gap. eNB should configure the measurement gap with duration not less than that reported from the UE. 
The minimum value of measurement gap duration can be 0 indicating that new gap for GNSS position fix is not needed. For example, some IoT devices could support simultaneous cellular and GNSS operation. 
Proposal 5: Support UE report the minimum duration of measurement gap for GNSS position fix.
Proposal 6: The minimum value of measurement gap reported by UE can be zero, implying the capability of simultaneous cellular and GNSS operation. 
 


Conclusions
In this contribution, enhancements for long-term connections including improved GNSS operations and NTN SIB reading for IoT NTN are discussed. The following observations and proposals are presented:
Proposal 1: Support for UE to re-acquire GNSS position fix during a new gap, which is assigned by eNB so as to align GNSS position fix between eNB and UE.
Proposal 2: Support eNB aperiodically trigger GNSS measurement gap according to the validity duration reported by UE. 
Proposal 3: Support UE trigger GNSS measurement during DL/UL idle period and report updated validity duration. 
Proposal 4: Support UE to update and report GNSS validity duration during connection.
Proposal 5: Support UE report the minimum duration of measurement gap for GNSS position fix.
Proposal 6: The minimum value of measurement gap reported by UE can be zero, implying the capability of simultaneous cellular and GNSS operation. 
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