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Introduction
At the RAN#92 meeting, a new Work Item was approved for IoT Non Terrestrial Network (NTN) and revised in RAN#91 [1]. This TDoc addresses aspects of timing relation ships for IoT NTN.
[bookmark: _Ref481671177]Timing relationships and Timing Advance
This section addresses RAN1 objective in Rel-17 IoT NTN WID [1]
· Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763
RAN1#104bis-e and RAN1#105e made agreements and conclusion: 
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· FFS: NPDCCH order to NPRACH
FFS: Other NB-IoT timing relationships
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: MPDCCH order to PRACH
· FFS:Other eMTC timing relationships

The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT / eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.
Conclusion: 
The description of timing relationships for eMTC and NB-IoT in Rel-16 do not take the TA into account in general.
· Note: Exceptions to this may be identified as work on eMTC and NB-IoT over NTN progresses further.

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. 
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Figure 1: UL Grant for RAR on NPUSCH Format 1

RAN1#105e made a related agreement for the start of the RAR window in NTN as follows:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

RAN1#105e made the following agreement for IoT NTN
· The RAR window offset value for NR NTN, the parameters used for its calculation and how these are configured or signalled together form a starting point for IoT NTN.

Hence, a similar agreement could be made for IoT NTN as the issue of start of ra-ResponseWindow is common with NTN.
Proposal 1: The starts of ra-ResponseWindow are delayed by an estimate of UE-eNB RTT. 
· The estimate of UE-eNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is applied by an IoT NTN UE given by  . The estimate of eNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-eNB RTT with respect to the true UE-eNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-eNB RTT can be further discussed.
A solution for RAR grant to NPUSCH format 1 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 2: 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.

NPDCCH to NPUSCH format 1: 
This case is illustrated in Figure 1. In NTN with large TA, the uplink subframe timing is shifted by one RTT relative to the downlink subframe timing. The shift can amount to hundreds of ms. This would require the UE to advance its UL transmission hundreds of ms before receiving the PDCCH with UL grant, which is not possible without timing enhancements. 
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 . Where ideally n+K_offset is matched to the RTT between the device and the reference point for the DL-UL subframe timing alignment.
Proposal 3: For NB-IoT, on receiving UL grant on DCI format N0 in slot n, NPUSCH Format 1 is transmitted in subframe , where K_offset is equal to the UE-eNB RTT which is determined as the sum of UE’s TA and K_mac
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Figure 2: 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 + k0 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 4: 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+K_offset +k0, where K_offset is equal to the UE-eNB RTT which is determined as the sum of UE’s TA and K_mac
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Figure 2: UL HARQ feedback on NPUSCH Format 2

NPDCCH / MPDCCH timing advance command activation:
The Moderator made the following proposal in [3]:
· In IoT NTN timing relationships enhanced by extension (e.g. by K-offset) and in which the UE is expected to transmit on the UL (PUCCH, PUSCH, or a signal) in response to a reception on the DL (PDCCH or PDSCH), the UE will apply the extension prior to applying the TA to the UL transmission. 
TS 36.213 Section 4.2.3 specifies for eMTC that, MAC CE TA received during downlink subframe n is applied to UL subframe n+6.
· For a non-BL/CE UE, for a timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of subframe n+5 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, n+6 otherwise.
TS 36.213 Section 16.1.2 specifies for NB-IoT that MAC CE TA received during downlink subframe n is applied to UL subframe n+12
· For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12 DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission. When the UE's uplink NPUSCH transmissions in NB-IoT uplink slot n and NB-IoT uplink slot n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of NB-IoT uplink slot n and not transmit the overlapped part of NB-IoT uplink slot n+1.
Several companies commented that no specification change is needed. Huawei suggested revised proposal to clarify “enhanced by extension” with “which are extended by [an offset]”. The K_offset will be larger than 6 or 12 subframes in NTN. In a straightforward way, the K_offset will be used to extend the timing relationships first and then the timing advance command reception ending in DL subframe n can be applied to the UL transmission. There could be some ambiguity on the legacy behaviour where in IoT NTN, an additional 6 or 12 subframes before applying the timing advance is not needed. Hence, we make the following proposal
Proposal 5: For a timing advance command reception ending in DL subframe n in IoT NTN, 
· the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+K_offset DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission

Preamble retransmission timing relationship
This section addresses RAN1 objective in Rel-17 IoT NTN WID [1]
· Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763
The Section 6.6.3 in TR 36.763 includes
· FFS: Other NB-IoT timing relationships 
· FFS: Other eMTC timing relationships
This section addresses Section 2.5 Preamble re-transmission timing relationship in FL Summary [2].  
TS 36.213, Section 6.1.1 specifies that for eMTC:
b)	If a random access response is received in subframe n, and the corresponding DL-SCH transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe n+5.
c)	If no random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe n+4, except if the transmitted preamble sequence is on a TDD serving cell not configured for PUSCH/PUCCH transmission.
TS 36.213, Section 16.3.2 specifies that for NB-IoT:
b) If a random access response is received and the corresponding DL-SCH transport block ending in subframe n does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
c) If no NPDCCH scheduling random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
d) If an NPDCCH scheduling random access response with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception ending in subframe n cannot be successfully decoded, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
Hence, to our understanding with start of RAR window offet to subframe n, then legacy specifications can be re-used for RACH preamble transmissions without need for enhancements. We do not see an issue with RACH preamble re-transmission assuming that the start of the RAR window is offset by UE-sat-gNB RTT as per RAN2#113bis-e agreement in NR NTN.
Proposal 6: Release 15 RACH preamble re-transmission is used for IoT NTN with the start of the RAR window offset by UE-sat-eNB RTT without enhancements.
 
UE-specific K_offset
This section addresses RAN1 objective in Rel-17 IoT NTN WID [1]
· UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
· Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.
The K_offset value could be configured to be equal to the maximum differential RTD of 20.6 ms, which corresponds to a beam diameter of up to 3500 km in GEO. 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 3, 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 above can be avoided if a smaller UE-specific Koffset value could be used to handle the UE-specific differential delay in NTN. This would require the UE to report the autonomous TA report. It would seem preferable this is done as soon as possible during initial cell access – i.e.  in Msg 3 in initial cell access. The eNB can subsequently update the K_offset value for connected UE based on the UE autonomous report of TA.
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Figure 3 UL/DL collision with HD-FDD in IoT NTN
The UE-specific TA report only needs to be sent to avoid ambiguity at the subframe boundary, where the maximum differential RTD becomes greater than half a subframe. For example with LEO=600 km, the satellite speed is 7.6 km/s. The 2-way time drift over the service link and feeder link in one second is about 100 us. The UE autonomously acquired UE-specific needs to be reported to the network about every 5 seconds (=500 µs / 100 µs). In GEO, the TA report frequency can be much longer depending on the UE mobility.
Observation 1: 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 2: For connected half-duplex UEs (including NB-IoT and HD eMTC), updating the K_offset value based on UE-specific TA report can avoid collision issue between DL and UL subframes and interrupted DL subframe issue.
Observation 3: The TA report needs to be reported by UE when its UE-specific TA has changed by half subframe duration to avoid DL-UL subframe collision issue. In LEO at 600 km orbit, a TA report every 5 seconds would be sufficient. In GEO, the TA report frequency can be much longer depending on the UE mobility.
Proposal 7: The UE shall report its UE-specifc TA to the gNB in Message 3 during initial cell access.
Proposal 8: The connected UE shall report its UE-specific TA via MAC CE. 
Proposal 9: The UE-specific TA report shall be reported by connected UE when the UE-specific TA has changed by an amount not exceeding half subframe duration
There can be two ways the TA report can be triggered:
· Option 1 Event triggered: this option would fit autonomous decision by the UE to send the TA report, as the UE knows when its autonomously calculated UE-specific TA has changed by half subframe duration. Mechanisms for UE to report UE-specific TA and configuration of resources could be further discussed. UE may make scheduling request or transmit MAC CE with TA report if scheduled UL grant in case it determines that the UE-specific TA has changed to almost half a subframe. 
· Option 2 Network request: The common delay drift over the feeder link is known to the network, which can also determine the boundaries of the delay drift over the service link. Hence, it is reasonable to assume that the network having received at least one UE-specific TA report from a given UE may predict when the next TA report by the UE will be needed to optimize UL scheduling and make a network request to the UE to report the UE-specific TA. 
Proposal 10: Support Option 1 Event triggered (i.e. autonomous decision by the UE to send the TA report) and Option 2: Network request for UE-specific TA report.

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
Timing relationships and Timing Advance:
RAR grant to NPUSCH format 1: 
Proposal 1: The starts of ra-ResponseWindow are delayed by an estimate of UE-eNB RTT. 
· [bookmark: _GoBack]The estimate of UE-eNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is applied by an IoT NTN UE given by  . The estimate of eNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-eNB RTT with respect to the true UE-eNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-eNB RTT can be further discussed.
Proposal 2: 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.
NPDCCH to NPUSCH format 1: 
Proposal 3: For NB-IoT, on receiving UL grant on DCI format N0 in slot n, NPUSCH Format 1 is transmitted in subframe , where K_offset is equal to the UE-eNB RTT which is determined as the sum of UE’s TA and K_mac
NPDSCH to HARQ-ACK on NPUSCH format 2: 
Proposal 4: 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+K_offset +k0, where K_offset is equal to the UE-eNB RTT which is determined as the sum of UE’s TA and K_mac
NPDCCH / MPDCCH timing advance command activation:
Proposal 5: For a timing advance command reception ending in DL subframe n in IoT NTN, 
· the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+K_offset DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission
Preamble retransmission timing relationship:
Proposal 6: Release 15 RACH preamble re-transmission is used for IoT NTN with the start of the RAR window offset by UE-sat-eNB RTT without enhancements.
UE-specific K_offset:
Observation 1: 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 2: For connected half-duplex UEs (including NB-IoT and HD eMTC), updating the K_offset value based on UE-specific TA report can avoid collision issue between DL and UL subframes and interrupted DL subframe issue.
Observation 3: The TA report needs to be reported by UE when its UE-specific TA has changed by half subframe duration to avoid DL-UL subframe collision issue. In LEO at 600 km orbit, a TA report every 5 seconds would be sufficient. In GEO, the TA report frequency can be much longer depending on the UE mobility.
Proposal 7: The UE shall report its UE-specifc TA to the gNB in Message 3 during initial cell access.
Proposal 8: The connected UE shall report its UE-specific TA via MAC CE. 
Proposal 9: The UE-specific TA report shall be reported by connected UE when the UE-specific TA has changed by an amount not exceeding half subframe duration
Proposal 10: Support Option 1 Event triggered (i.e. autonomous decision by the UE to send the TA report) and Option 2: Network request for UE-specific TA report.
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