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Introduction
At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) and revised in RAN#91 [1]. There was an email discussion on [91E][42][NTN_IoT_Roadmap] In RAN#91 with moderator summary and final proposal for GTW input in [2]. 
In RAN#91-e GTW session, the Chairman endorsed a Way Forward Proposal in [3] on email discussion on [50][New_proposals_approval]. This included guidance from RAN Chairman for NTN NR and NTN IoT as follows
· RAN#92E (June) to finalize the scope and project plan to deliver the essential minimum functionality of both NTN NR and NTN IoT (both NB-IoT and eMTC) within the existing TU allocations
· Detailed scoping exercise (NTN NR WID revision, NTN IoT WID approval) to be undertaken at RAN#92E (June)

[bookmark: _Ref481671177][bookmark: _GoBack]Timing relationships requiring enhancement
This section addresses Timing relationships requiring enhancements in FL Summary [4].  RAN1#104e made the following agreements for IoT NTN:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships
We discuss timing enhancements case by case for NB-IoT below:
NPDCCH to NPUSCH format 1: 
This case is illustrated in Figure 1. A UE needs to get UL grant in DCI Format N0 on NPDCCH at time n for data transmission on NPUSCH Format 2 at time n + ko , but needs to advance its UL transmission before receiving NPDCCH at time n. eNB is not aware of UE estimated delay which needs to be taken into when scheduling UL grant to avoid collisions between UL transmissions of UEs experiencing different RTDs. As in NR NTN, a solution is to introduce UL scheduling K_offset. For the transmission timing of DCI scheduled NPUSCH Format N0, the slot allocated for the NPUSCH can be modified to be .
Proposal 1: For NB-IoT, on receiving UL grant on DCI format N0 in slot n, NPUSCH Format 1 is transmitted in subframe  n+k0+K_offset.
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Figure 1: UL Grant for NPUSCH Format 1
NPDSCH to HARQ-ACK on NPUSCH format 2: 
This case is illustrated in Figure 2. A UE needs to report UL HARQ feedback on NPUSCH Format 2 at time n + ko as indicated in DCI Format N1 on NPDCCH at time n, but needs to advance its UL transmission before receiving NPDCCH at time n. eNB is not aware of UE estimated delay which needs to be taken into when scheduling NPUSCH Format 2 to avoid collisions between UL transmissions of UEs experiencing different RTDs. A solution is to introduce UL scheduling offset K_offset. For the transmission timing of HARQ-ACK on NPUSH Format 2, the UE provides corresponding HARQ-ACK information in a NPUSH transmission within slot .
Proposal 2: For NB-IoT, on receiving DL assignment on DCI format N1 in slot n, HARQ-ACK on NPUSH Format 2 is transmitted in subframe  n+k0+K_offset.
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Figure 2: UL HARQ feedback on NPUSCH Format 2
RAR grant to NPUSCH format 1: 
This case is illustrated in Figure 3. UE needs to get UL grant in RAR at time n for MSG3 transmission on NPUSCH Format 2 at time n + ko, but needs to advance its UL transmission before receiving RAR at time n. eNB is not aware of UE estimated delay which needs to be taken into when scheduling UL grant in RAR for to avoid collisions between UL transmissions of UEs experiencing different RTDs. A solution is to introduce UL scheduling offset Koffset. For the transmission timing of RAR grant scheduled NPUSCH Format 1, the UE transmits the NPUSCH format 1  in slot .
Proposal 3: For NB-IoT, on receiving a NPDSCH with a RAR message in slot n, message 3 is transmitted on NPUSCH format 1in subframe  n+k0+K_offset.
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Figure 3: UL Grant for RAR on NPUSCH Format 1
NPDCCH / MPDCCH order to NPRACH:
This case is still under discussion in NR NTN WI. The main issue still for discussion is whether it is acceptable to have blind detection in gNB. The maximum differential delay within a cell is 10.3 ms assuming max foot print size (edge to edge) regardless of the elevation angle of 3500 km (TR 38.821 Table 4.2-2). The eNB can then assume that the maximum ambiguity for the next RO would be upper bounded by 10.3 ms assuming the common TA and further assuming the RTT to the nearest beam edge. It is up to the gNB to configure ROs for NPDCCH / MPDCCH order RACH. If eNB configure ROs once every 10 ms in normal coverage, and longer in deep coverage or extreme coverage, the ambiguity can be removed all together; if it configure ROs once every 5 ms in normal coverage, then two blind decoding attempts may be needed. Hence, it can be left to the network to configure NPDCCH / MPDCCH ordered RACH resources to mitigate blind detection attempts at the gNB. 
Proposal 4: For NB-IoT / eMTC, blind detection of NPDCCH / MPDCCH ordered RACH is supported without new enhancements.
NPDCCH / MPDCCH timing advance command activation:
This case is still under discussion in NR NTN WI. The main issue is whether to prioritize NTN designs that support systems where DL and UL are aligned at the gNB. What needs to be discussed is the common TA which is not constant for DL-UL subframe timing alignment at the gNB. The UE will need to get indication on common TA in NTN SIB at time n  and predict and pre-compensate the change in common TA for UL transmission at time n+K. This discussed in our contribution in AI 8.4.2 on “Enhancements on UL Time and Frequency Synchronisation for NR-NTN”  [4].  
Proposal 5: For NB-IoT / eMTC, blind detection of NPDCCH ordered RACH is supported without new enhancements.


MAC-CE activation timing
This section addresses MAC-CE activation timing in FL Summary [3].  RAN1#104e made the following agreements for IoT NTN:
· Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 
Moderator invited companies to contribute to the next meeting their identified configurations needing activation/de-activation via MAC CE and their timing relationships. We list below the MAC CE and their timing relationships, which to our understanding do not require enhancements. Note that Timing Advance Command MAC Control Element was discussed in Section 2.
Observation 1: For NB-IoT, IoT-NTN configurations needing activation/de-activation via MAC CE without timing relationship enhancements
· Buffer Status Report MAC Control Elements  (Msg3 in RA procedure, or any UL transmission in connected)
· Timing Advance Command MAC Control Element (DL)
· C-RNTI MAC Control Element (Msg3 in RA procedure)
· UE Contention Resolution Identity MAC Control Element (Msg4 in RA procedure)
· Power Headroom Report MAC Control Element (Msg3 in RA procedure)
· Extended Power Headroom Report MAC Control Elements  (Msg3 in RA procedure)
· Data Volume and Power Headroom Report MAC Control Element (Msg3 in RA procedure)
· DRX Command MAC Control Element (only needed to send UE to sleep if long inactivity timer, ON duration is based on SFN)

HD-FDD operation
This section addresses HD-FDD operation in FL Summary [3].  RAN1#104e made the following agreements for IoT NTN:
· Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.
Moderator invited companies to contribute to the next meeting their study of the impact of large RTD on HD-FDD operation.
Assuming the K_offset broadcast on SIB for initial access, it will be the same for all UEs within the cell or beam. Assuming a maximum beam foot print size 3500 km in GEO and 1000 km in LEO, the maximum differential delay is 10.3 ms and 3.2 ms respectively [TR 38.821, Table 4.2-2]. The K_offset value could be configured to be equal to the maximum differential RTD of 20.6 ms and 6.4 ms, which corresponds to about 21 subframes for GEO. A smaller Koffset value could be used to handle the UE-specific differential delay in NTN if the UE reports the autonomous TA report in Msg 3 in initial cell access or in Msg 5. There are two issues with using the K_offset value configured to the maximum differential TA in case of FDD-Half-Duplex Systems:
· Collision of DL and UL subframes illustrated in Figure 4, where DL and UL scheduling by the BS collide at the UE
· Interrupted DL subframes when the eNB schedules an UL subframe to one or several UEs, but cannot schedule DL transmissions for the other UEs within the maximum differential TA. 
The two issues considered below can be avoided if the UE reports its autonomous TA to make the eNB aware of the TA the UE has used for UE pre-compensation of satellite delay. The eNB can update the K_offset value for connected UE based on the UE autonomous report of TA.
The TA report only needs to be sent to avoid subframe collision between UL transmissions by UEs within the cell assuming K_offset is smaller than maximum RTD in the cell. It is sufficient if the TA report is reported by UE when its UE-specific TA has changed by half subframe duration. For example with LEO=600 km, the satellite speed is 7.6 km/s. The time drift in one second is about 20 us. The UE autonomously acquired TA report needs to be sent by UE about every 25 seconds (=500 µs / 20 µs). 
Observation 2: For half-duplex UEs (including NB-IoT and HD eMTC), configuring K_offset value to maximum differential TA may cause collision of DL and UL subframes and cause interruption of DL subframes.
Observation 3: For connected half-duplex UEs (including NB-IoT and HD eMTC), updating the K_offset value based on UE autonomous TA report can avoid collision issue between DL and UL subframes and interrupted DL subframe issue.
Observation 4: It is sufficient if the UE autonomously acquired TA report is sent by UE about every 25 seconds to avoid DL-UL subframe collision issue in LEO.
Proposal 6: The value of K_offset can be re-configured after RRC connection setup based on UE-specific autonomous TA report.
Proposal 7: The UE can report its autonomous TA to the gNB in Message 3 during initial cell access. 
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Figure 4 TA reporting


GNSS measurements
This section addresses GNSS measurements in FL Summary [3].  RAN1#104e made the following agreements for IoT NTN:
AI 8.15.3 for Timing relationship enhancements
· Study the impact on any timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization.
AI 8.15.2. for Enhancements on Time and frequency synchronization
· Discuss whether GNSS measurement window is needed and beneficial for initial access.
A main difference with NR NTN, is that in IoT NTN SID it is stated that “simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed” [1].
It was discussed in our sister contribution in [5] that a possible implementation for a GNS measurement window is to re-sue paging and DRX procedures. 
In idle mode, a maximum eDRX of 43.69 min for eMTC and 2.91 hours for NB-IoT can be configured, where eDRX cycle consist of an integral multiple of length of a single H-SFN. The minimum eDRX cycle is 5.12 s for eMTC and 20.48 s for NB-IoT [Table 10.5.5.32, 6].    .    
In connected mode, a maximum DRX of 2.56 s and a maximum eDRX of 10.24s can be configured in MAC-MainConfig information element. Rel-12 Power Saving Mode (PSM) with a maximum of 12.1 days can be configured with T3412 configuration.
It is sufficient to re-use legacy procedures for UE acquisition of GNSS position fix assuming simultaneous GNSS and NTN NB-IoT/eMTC operation is not used in the device
· Re-use  legacy paging procedure with adequate configuration of paging timer for mobile-terminated calls
· For idle UE, GNSS measurement for position fix can be done in idle DRX / eDRX / PSM with a GNSS TTFF with hot start or warm start before moving to connected for mobile-originated calls
· For connected UE, GNSS measurement for position fix can be done in connected DRX / eDRX with a GNSS TTFF with hot start.

In Typical IoT applications with intermittent delay-tolerant small packets, the UE position may be fixed (e.g. IoT sensor on a gas pipeline) or the UE position needs to be reported by application layer (e.g. asset tracking, vehicle tracking). A UE may only need a new GNSS position solely for UE pre-compensation for UL synchronization in corner case scenarios where (i) it is not fixed; (ii) reporting of the GNSS position is not needed by application layer.
It is up to UE implementation when to switch on its GNSS module to acquire its position with a GNSS TTFF with a hot start or warm start when a new position fix is needed during idle DRX / eDRX / PSM before moving to connected for mobile-terminated calls and for mobile-originated calls. For connected UE, GNSS measurement for position fix can be done in connected DRX / eDRX with a GNSS TTFF with hot start.
Observation 5: With implementation for GNSS measurements re-suing paging and DRX procedures, timing relationships defined for idle DRX / eDRX / PSM and for connected DRX / eDRX  can be re-used.
Proposal 8: Re-use timing relationships for legacy paging and DRX procedures for UE acquisition of GNSS position fix assuming simultaneous GNSS and NTN NB-IoT/eMTC operation is not used in the device 

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
Proposal 1: For NB-IoT, on receiving UL grant on DCI format N0 in slot n, NPUSCH Format 1 is transmitted in subframe  n+k0+K_offset.
Proposal 2: For NB-IoT, on receiving DL assignment on DCI format N1 in slot n, HARQ-ACK on NPUSH Format 2 is transmitted in subframe  n+k0+K_offset.
Proposal 3: For NB-IoT, on receiving a NPDSCH with a RAR message in slot n, message 3 is transmitted on NPUSCH format 1in subframe  n+k0+K_offset.
Proposal 4: For NB-IoT / eMTC, blind detection of NPDCCH / MPDCCH ordered RACH is supported without new enhancements.
Proposal 5: For NB-IoT / eMTC, blind detection of NPDCCH ordered RACH is supported without new enhancements.
Observation 1: For NB-IoT, IoT-NTN configurations needing activation/de-activation via MAC CE without timing relationship enhancements
· Buffer Status Report MAC Control Elements  (Msg3 in RA procedure, or any UL transmission in connected)
· Timing Advance Command MAC Control Element (DL)
· C-RNTI MAC Control Element (Msg3 in RA procedure)
· UE Contention Resolution Identity MAC Control Element (Msg4 in RA procedure)
· Power Headroom Report MAC Control Element (Msg3 in RA procedure)
· Extended Power Headroom Report MAC Control Elements  (Msg3 in RA procedure)
· Data Volume and Power Headroom Report MAC Control Element (Msg3 in RA procedure)
· DRX Command MAC Control Element (only needed to send UE to sleep if long inactivity timer, ON duration is based on SFN)
Observation 2: For half-duplex UEs (including NB-IoT and HD eMTC), configuring K_offset value to maximum differential TA may cause collision of DL and UL subframes and cause interruption of DL subframes.
Observation 3: For connected half-duplex UEs (including NB-IoT and HD eMTC), updating the K_offset value based on UE autonomous TA report can avoid collision issue between DL and UL subframes and interrupted DL subframe issue.
Observation 4: It is sufficient if the UE autonomously acquired TA report is sent by UE about every 25 seconds to avoid DL-UL subframe collision issue in LEO.
Proposal 6: The value of K_offset can be re-configured after RRC connection setup based on UE-specific autonomous TA report.
Proposal 7: The UE can report its autonomous TA to the gNB in Message 3 during initial cell access. 
Observation 5: With implementation for GNSS measurements re-suing paging and DRX procedures, timing relationships defined for idle DRX / eDRX / PSM and for connected DRX / eDRX  can be re-used.
Proposal 8: Re-use timing relationships for legacy paging and DRX procedures for UE acquisition of GNSS position fix assuming simultaneous GNSS and NTN NB-IoT/eMTC operation is not used in the device 
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