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UE modem behavior when re-acquire GNSS position fix in long connection
In the RAN#95-e meeting, one new IoT NTN WID was agreed and some enhancements are proposed as follows [1]: 
	· 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]

	


In R1-2104823[2] a proposal was raised up which suggests GNSS update before random access procedure. As the starting of GNSS will last from several to tens of seconds, it will increase delay of control plane with fresh GNSS information during data transmission. Nevertheless, in this document it is assumed that no GNSS fix is updated before random access or paging, thereby no increase in control plane delay but GNSS information in coarse precision. So, it should be a balance between control plane(CP) delay and precision of GNSS information. 

Proposal 1: Design different GNSS update schemes when switch from RRC_DILE into RRC_CONNECTED state according to different requirements on delay and GNSS precision.

In RAN1#107e following agreement has reached on GNSS validity:

Agreement
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}
For long connection, if network has no sense when GNSS will be updated at UE side and schedules as usual, it will introduce some issues. For example, if network schedule UE for uplink transmission at some time when is occasionally near to starting time of GNSS update, the transmission will be suspended immediately, and after UE updating the GNSS position fix, UE will return into RRC_CONNECTED state. Usually, an IoT transmission occupies a long-time including hundreds of repetitions. The receiver only combines the receiving data and wouldn’t decode until the last repetition arrived. From network perspective, it has to wait for GNSS update completed and UE returns into RRC_CONNECTED state again, then restarts the scheduling. The scheduled transmission will be terminated if encountering the GNSS updating. 

As shown in the figure 1, network may be aware of when the GNSS will be expired, but not know when the GNSS is updated. If planned GNSS updating is in the middle of one long transmission, the network has to postpone the scheduling waiting for the GNSS update has been completed.
[image: ]
Figure 1  GNSS updating occurring in the middle of one planned transmission 

Proposal 2: UE should report its GNSS updating time to network to avoid scheduling invalidity.  

Meanwhile, per our observation, even the GNSS information is out of date, the residual TA and frequency offset increase slightly while time elapses. And they could be estimated and compensated via closed-loop adjustment supposing pre-compensation has been implemented based on the out-of-dated GNSS information. 

	
	10 s
	30 s

	UE Velocity
	Freqerror 
	TAerror 
	Freqerror 
	TAerror 

	3 km/h
	0.01 Hz
	0.02 us
	0.6 Hz
	0.1 us

	30 km/h
	1.4 Hz
	0.5 us
	5.9 Hz
	1.6 us

	120 km/h
	22 Hz
	2.1 us
	97 Hz
	6 us



Table 1 TA error due to UE mobility

So, for this case, UE can adjust the residual TA and frequency errors, scheduling could be conducted as usual and GNSS update is cancelled or postponed. As the consequence, UE will firstly finish the data transmission based on old GNSS position and determine if updating its GNSS position fix or enter into RRC_IDLE mode. If one additional data packet is to be transmitted, then the GNSS updating is needed.   

Proposal 3: If the synchronization error is acceptable due to GNSS position out-of-date, allow UE to continue its transmission if GNSS expiry is in the middle of one long transmission.  


1 Conclusion
In this contribution we discussed some issues of timing and frequency compensation, and provided technical solutions. The following proposals are presented.  
Proposal 1: Design different GNSS update schemes when switch from RRC_DILE into RRC_CONNECTED state according to different requirements on delay and GNSS precision.
Proposal 2: UE should report its GNSS updating time to network to avoid scheduling invalidity.  
[bookmark: _GoBack]Proposal 3: If the synchronization error is acceptable due to GNSS position out-of-date, allow UE to continue its transmission in case that GNSS expiry is in the middle of one long transmission.
2 References
[1] RP-220979, WID on IoT NTN enhancements 
[2] R1-2104823, Enhancements to time and frequency synchronization 
[3] R1-2111375, Summary #1 of AI 8.15.1 nhancements to time and frequency synchronization

image1.emf
GNSS update

t

GNSS_Update

transmission transmission

postpone

t

GNSS_ref


