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1. Introduction
At the 3GPP TSG RAN meeting #86 new study item (SI) on NB-IoT/eMTC support for Non-Terrestrial Network (NTN) was approved in [1]. This SI aims to evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC NTN. The outcome of the SI is captured in the TR 36.763. At the RAN#92-e new work item (WI) on NB-IoT and eMTC NTN (IoT-NTN) was agreed in. One of the objectives from the WID [2] is to specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763.
· Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
· 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.
In this contribution enhancements to timing relationship for NB-IoT/eMTC to support NTN are discussed. 
2. Discussion
In order to reduce UE complexity and UE cost NB-IoT and eMTC devices support half-duplex FDD mode. In such mode simultaneous transmission and reception is not possible as it is done in normal FDD operation. It is assumed that in order to achieve time synchronisation for UL transmission UE applies additional TA to compensate delay introduced in the service link. The value of additional TA is calculated at the UE side autonomously based on GNSS information and satellite ephemeris. If the value of the additional delay is not known by the eNB, UL transmission can collide with DL reception at the UE side. At the RAN1#106-e meeting it was agreed to support reporting of additional TA applied by the UE to compensate service link delay. 
To track the variations in the TA value over time, report of UE-specific TA can be updated. To reduce the overhead some enhancements may be considered. For example, reporting of information to extrapolate/interpolate UE-specific TA can be used. If UE-specific TA is reported with a granularity of one slot/subframe, series of values can be reported in one reporting instance in order to decrease the update periodicity. In this case differential encoding scheme can be applied, where the first TA value and difference of other TA values from the first one is reported by the UE. 
Proposal 1: 
· Support reporting of series of values with differential encoding scheme for UE-specific TA reporting to decrease overhead
At the RAN1#106-e meeting it was agreed to support update of K_offset value for UEs in RRC_CONNECTED state. However, there are no details on signalling design for the update of K_offset. In our view the same design of K_offset update as for NR NTN can be reused for IoT-NTN. For NR NTN it was agreed to support update of K_offset via MAC CE. Furthermore, in order to reduce the number of bits for K_offset, difference of K_offset from SI and K_offset from MAC CE can be indicated in MAC CE.
Proposal 2: 
· The same signalling design for UE-specific K_offset is used for IoT NTN and NR NTN 
· UE-specific K_offset is indicated via MAC CE
· Indication of difference between cell-specific K_offset and UE-specific K_offset can be considered
At the last RAN1 meeting the following agreement was made on timing for NPDCCH monitoring restrictions specified for NB-IoT. 
	Agreement:
NPDCCH monitoring restrictions have been identified for further checking to see if changes for NB-IoT need to be made for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions
· FFS: the changes in each case
· FFS: additional cases


For the list of cases presented in the above agreement NPDCCH monitoring restrictions are specified in TS36.213 section 16.6. Starting and ending time for the restrictions are specified as starting and ending subframe without considering UL or DL direction since for terrestrial network the applied TA is smaller than subframe duration. Differentiation of UL and DL subframes is needed for NTN so the UE can apply the NPDCCH monitoring restrictions in proper time considering the difference in UL and DL timing due to TA. However, TA applied by the UE for NTN is not fully known at the gNB. Even if reporting of the TA is supported UE can update the TA in the interval between two reports. Thus, some margin is needed for the NPDCCH monitoring restrictions to consider the uncertainty in the TA. In our view there is no need to specify this additional margin since it is up the gNB to control the transmission of NPDCCH so gNB shall make sure that UE is monitoring the corresponding search space when NPDCCH is transmitted.
Proposal 3: 
· For the NPDCCH monitoring restrictions cases agreed at the last RAN1 meeting
· Subframes for DL reception are specified as DL subframe
· Subframes for UL transmission are specified as UL subframes
· It is assumed that UL subframe timing is shifted by the TA w.r.t. DL subframe timing
· It is up to the gNB how/when to transmit NPDCCH considering the specified NPDCCH monitoring restrictions and TA uncertainty at the gNB (due to aging of reported TA value)
3. Conclusion
In this contribution aspects related to timing relationship enhancements for NB-IoT/eMTC NTN were discussed. The following proposals were made.
Proposal 1: 
· Support reporting of series of values with differential encoding scheme for UE-specific TA reporting to decrease overhead
Proposal 2: 
· The same signalling design for UE-specific K_offset is used for IoT NTN and NR NTN 
· UE-specific K_offset is indicated via MAC CE
· Indication of difference between cell-specific K_offset and UE-specific K_offset can be considered
Proposal 3: 
· For the NPDCCH monitoring restrictions cases agreed at the last RAN1 meeting
· Subframes for DL reception are specified as DL subframe
· Subframes for UL transmission are specified as UL subframes
· It is assumed that UL subframe timing is shifted by the TA w.r.t. DL subframe timing
· It is up to the gNB how/when to transmit NPDCCH considering the specified NPDCCH monitoring restrictions and TA uncertainty at the gNB (due to aging of reported TA value)
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