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Introduction
At the RAN#92 meeting, a new Work Item was approved for IoT Non Terrestrial Network (NTN) [1]. This TDoc addresses aspects of timing relationships for IoT NTN.
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UE-specific TA Handling
The need and role for UE-specific TA was discussed in IoT NTN Work Item in Section 5 in FL summary in [3]. In RAN1#106bis-e, the following agreement and FL proposal were made:
Agreement:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, the mechanisms concluded in NR-NTN shall be taken as baseline.
FL Proposal 5.1.3-1:
For UE specific TA reporting, the contents of the report can be:
· A delay
· Down select from: 
· Option 1: UE specific TA, 
· Option 2: UE full TA, 
· Option 3: differential UE specific TA 
· Option 4: differential full UE TA. 
· Option 5: UE full TA via Msg3 + differential full UE TA thereafter
· UE location 

Option 1: UE-specific NTA,UE-specific  ,  Option 2: (UE-specific) full TA, and Option 4/5: Differential UE-specific / Full UE can all be used for reporting TA contents with different  signalling overhead and periodicity or reporting. 
The TA report is used by eNB to configure the UE-specific K_offset. The main difference with NR NTN for the UE-specific K_offset is the larger beam diameter size. In IoT NTN Set 4 LEO-600 km, the maximum beam spot diameter can be up to 1700 km, compare to 1000 km for NR NTN. Table 1 shows some analysis for the UE-specific K_offset for IoT NTN.
	Scenario
	K_offset update & Granularity
	Full K_offset 
	Differential K_offset

	GEO@35786 km
	Satellite velocity V=3.07 km/s 
Max beam foot print size = 3500 km
Max Doppler shift = 0.93 ppm
RTD=541 ms
Differential delay=10.3 ms
K_offset update: once per 25.4 s 
Granularity of K_offset: 1 slot (1 ms)
	10 bits
	5 bits

	LEO@1200 km
	Satellite velocity V=7.25 km/s 
Max beam foot print size = 1700 km
Max Doppler shift = 21 ppm
RTD=41.7 ms
Differential delay=5.1 ms
K_offset update: once per 13.1 s 
Granularity of K_offset: ~1 slot (1 ms)
	7 bits
	4 bits

	LEO@600 km
	Satellite velocity V=7.55 km/s 
Max beam foot print size = 1700 km
Max Doppler shift = 24 ppm
RTD=25.7 ms
Differential delay=4.43 ms
K_offset update: once per 7.9 s 
Granularity of K_offset: 1 slot (1 ms)
	6 bits
	3 bits


Table 1: K_offset update, granularity, and overhead for IoT NTN Set 4
Based on the above analysis in Table 1, for the update UE-specific K_offset we observe the following 
· Full UE-specific K_offset: simpler way and does not require to store previous value. It may be more robust in case a previous value is not received. If one value range is used with 10 bits it seems reasonable overhead. This option fits better with GEO scenario with a long update periodicity of 25.4 s.
· Differential UE-specific K_offset: more complex way and requires to store previous value. It may be less robust in case a previous value is not received. It saves up to 5 bits for GEO and up to 3 bits for LEO compare to full K_offset assuming one value range is used. This option fits better with LEO-1200 and LEO-600 scenarios with a long update periodicity of 13.9 s or 7.9 s respectively.
Both options to update UE-specific K_offset with full UE-specific K_offset or differential UE-specific K_offset via MAC CE seems reasonable ways with pros and cons. 
This corresponds total overhead of 7*7 bits=49 bits and 15*6 bits =90 bits with full UE-specific K_offset for LEO-1200 and LEO-600 respectively. With differential UE-specific K_offset, the overhead is 7*4 bits = 28 bits and 15*4 bits = 60 bits. These are modest savings. With GEO, it is only necessary to have one update per 25.4 seconds. Hence, for simplicity we think the full UE-specific K_offset can be used in a MAC CE to update the K_offset. For MEO, the update rate will be slower compare to LEO. The update rate is similar order for LEO, MEO, and GEO and since a MAC CE can be used for all scenarios, we make the following proposal. 
Observation 1: For LEO satellite, a typical in-coverage duration is in the order of 2 minutes [Eutelsat, R1-2106776], with LEO-1200 and LEO-600 the total number of updates for UE-specific K_offset can be about 7 and 15; For GEO, an update of UE-specific K_offset can be every 25.4 seconds.
Observation 2: The update of K_offset should be based on UE TA report.
Proposal 1: MAC CE is used to update K_offset with full UE specific K_offset value for LEO, MEO, and GEO.
Proposal 2: MAC CE for UE-specific TA report uses the full UE-specific TA for LEO, MEO, and GEO.
Option for UE location report with truncated position co-ordinates X, Y, Z with granularity of 2 km, a grid 2 km x 2 km x 2 km, and a beam diameter of 1700 km at low elevations, would require about 10 bits for X co-ordinate, 10 bits for Y co-ordinates, and 3 bits for Z co-ordinated. Assuming further that the UE is not moving, a single location report of 23 bits could be sufficient. This option does not need to be discussed further until SA3 response on use of UE location report is known.
In Rel-15 NB-IoT specified UE differentiation feature in TS 36.413, the stationary indication is provided by the NB-IoT module vendor in Subscription Based UE Differentiation Information and is stored in UE context. This information is included in INITIAL CONTEXT SETUP REQUEST message, CONNECTION ESTABLISHMENT INDICATION message , UE INFORMATION TRANSFER message , HANDOVER REQUEST message, RETRIEVE UE CONTEXT RESPONSE message, and so on. There is no impact on UE since these messages are not exchanged over the Uu interface – i.e. no dedicated signalling. These are S1/X2 messages specified in TS 36.413. This implies the network knows the UE is stationary, but the UE does not know it is stationary.
Observation 3: In Rel-15 NB-IoT specified UE differentiation feature in TS 36.413, the stationary indication is provided by the NB-IoT module vendor in Subscription Based UE Differentiation Information and is stored in UE context.
Proposal 3: NB-IoT NTN can re-use Rel-15 UE differentiation feature for indication of stationarity. 

Monitoring restrictions for NPDCCH 
In TS 36.213 Section 16.6, for a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
· if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1;
· the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 

If K_offset is updated but different from UE-specific TA,  UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+Koffset -2 to subframe n+k -1, then UE needs to monitor K_offset+2 DL subframes for NPDCCH with UL grant for HARQ process #1
The monitoring restrictions are illustrated in Figure 1 with delay Tdelay = 2.05 ms as an example. The UE only monitor NPDCCH on DL subframes N and N+1 for DCI format N0. A UE-specific TA term is used with K_offset in the timing relationship to restrict monitoring of NPDCCH on DL for Koffset-TAUE-specific >= 0
Observation 4: If UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2+Koffset-TAUE-specific  to subframe n+k-1 +Koffset-TAUE-specific, then UE only needs to monitor Koffset-TAUE-specific +2 DL subframes for NPDCCH with UL grant for HARQ process #1
Proposal 4: UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2+Koffset-TAUE-specific  to subframe n+k-1 +Koffset-TAUE-specific 
There could be issue can be that the network does not know the TAUE-specific, then it is ambiguous still at the network. UE can report TAUE-specific but periodicity and granularity of report will still have ambiguity. It will be helpful to check this with some numbers. One slot with SCS=15 kHz or 1 ms and assuming up to total delay drift 100 us/s will take 1 ms / 100 us/s = 10 seconds. If the update of Koffset is done less than once every 10 seconds, the problem could exist. This seems possible scenario with Koffset update in the order of 7.9s in some example below. It is also up to the eNB to update the Koffset when this parameter may change by a number of slots, so the update rate could be much less frequent than once every 7.9 seconds.
LEO@600 km: max beamsize 1700 km:
•	Satellite velocity V=7.55 km/s 
•	Max Doppler shift = 24 ppm
•	Full RTD=25.7 ms
•	UE-specific full K_offset with 6 bits:   25.7 ms / 64 = 0.4 ms or 60 km (=0.8 * c /2)
Full K_offset update: once per 7.9 s = 60 km / 7.55 km/s
Delay drift during K_offset update period: 0.76 ms = 7.9 s * 4 * 24 µs/s
Granularity of K_offset: 1 slot (1 ms) 
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Figure 1: Illustration of “interrupted subframes” with monitoring restrictions for NPDCCH

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for IoT timing relationships. 
UE-specific TA Handling:
Observation 1: For LEO satellite, a typical in-coverage duration is in the order of 2 minutes [Eutelsat, R1-2106776], with LEO-1200 and LEO-600 the total number of updates for UE-specific K_offset can be about 7 and 15; For GEO, an update of UE-specific K_offset can be every 25.4 seconds.
Observation 2: The update of K_offset should be based on UE TA report.
Proposal 1: MAC CE is used to update K_offset with full UE specific K_offset value for LEO, MEO, and GEO.
Proposal 2: MAC CE for UE-specific TA report uses the full UE-specific TA for LEO, MEO, and GEO.
Observation 3: In Rel-15 NB-IoT specified UE differentiation feature in TS 36.413, the stationary indication is provided by the NB-IoT module vendor in Subscription Based UE Differentiation Information and is stored in UE context.
Proposal 3: NB-IoT NTN can re-use Rel-15 UE differentiation feature for indication of stationarity. 

Monitoring restrictions for NPDCCH
Observation 4: If UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2+Koffset-TAUE-specific  to subframe n+k-1 +Koffset-TAUE-specific, then UE only needs to monitor Koffset-TAUE-specific +2 DL subframes for NPDCCH with UL grant for HARQ process #1
Proposal 4: UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2+Koffset-TAUE-specific  to subframe n+k-1 +Koffset-TAUE-specific 
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ANNEX
Calculations for K_offset update, granularity, and overhead
GEO@35786 km: 
Satellite velocity V=3.07 km/s 
Max beam foot print size = 3500 km
Max Doppler shift = 0.93 ppm
RTD=541 ms
Differential delay=10.3 ms
UE-specific full K_offset with 10 bits:   541 ms / 1024 = 0.52 ms or 78 km (=0.52 ms * c /2)
UE-specific differential K_offset with 5 bits:   2*10.3 ms / 32 = 0.64 ms or 96.5 km (= 8 ms * c /2)
K_offset update: once per 25.4 s = 78 km / 3.07 km/s
Delay drift during K_offset update period: 0.094 ms = 25.4 s * 4 * 0.93 µs/s
Granularity of K_offset: 1 slot (1 ms) 

LEO@1200 km: 
Satellite velocity V=7.25 km/s 
Max beam foot print size = 1700 km
Max Doppler shift = 21 ppm
RTD=41.7 ms
Differential delay=5.1 ms
UE-specific full K_offset with 7 bits:   41.7 ms / 128 = 0.32 ms or 40.8 km (=0.32 * c /2)
UE-specific differential K_offset with 4 bits:  2* 5.1 ms / 16 = 0.63 ms or 95.6 km (= 0.63 * c /2)
K_offset update: once per 13.1 s = 95.6 km / 7.25 km/s
Delay drift during K_offset update period: 1.1 ms = 13.1 s * 4 * 21 µs/s
Granularity of K_offset: ~1 slot (1 ms) 

LEO@600 km: 
Satellite velocity V=7.55 km/s 
Max beam foot print size = 1700 km
Max Doppler shift = 24 ppm
RTD=25.7 ms
Differential delay=4.43 ms
UE-specific full K_offset with 6 bits:   25.7 ms / 64 = 0.4 ms or 60 km (=0.8 * c /2)
UE-specific differential K_offset with 3 bits:   4.43 ms / 8 = 0.55 ms or 83.1 km (= 1.1 * c /2)
K_offset update: once per 7.9 s = 60 km / 7.55 km/s
Delay drift during K_offset update period: 0.76 ms = 7.9 s * 4 * 24 µs/s
Granularity of K_offset: 1 slot (1 ms) 
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