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Introduction
In RAN#92, New Rel-17 WID on NB-IoT/eMTC support for NTN was approved. The objective of this WID is to specify support of NB-IoT and eMTC over NTN. The approved WID has the following guideline for timing relationships.
	RP-211601, New Rel-17 WID on NB-IoT/eMTC support for Non-Terrestrial, MTK, ESA
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
· Signaling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signaling load and determination of the UE-specific TA.


In this contribution, to support intermittent delay-tolerant small packet transmission, we will provide our views on
· Timing relationships for NB-IoT
· Use of UE-specific TA at NW
· Estimate of UE-eNB RTT

Discussion
Timing relationships for NB-IoT
As shown in TR 36.763, the following timing relationships shall be specified.
	3GPP TR 36.763 V17.0.0 (2021-06), Clause 6.6.3
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
· [bookmark: _Hlk77752932]Timing advance command activation
· FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships


NPDCCH to NPUSCH format 1
Problem statement
For NB-IoT UE, the UE shall upon detection on a given serving cell of an NPDCCH with DCI format N0 ending in NB-IoT DL subframe n scheduling NPUSCH intended for the UE, perform, at the end of n + k_0 DL subframe for FDD, a corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots according to the NPDCCH information. The value of k_0 = 8,16,32,64 is indicated in the DCI format.
However, as shown in TR 36.763, it was concluded that the description of timing relationships for NB-IoT in Rel-16 does not take the TA into account in general. Thus, if no enhancement, then the scheduling error cannot be avoided.
Possible solutions 
If the UE is an NTN NB-IoT UE, the UE could be configured with scheduling offset additional to k_0, e.g., the UE shall upon detection on an NPDCCH with DCI format N0 ending in DL subframe n scheduling NPUSCH, perform, at the end of n+k_0+K_offset DL subframe, where K_offset is scheduling offset provided by the eNB via SIB.
[bookmark: _Toc77862363]For NPDCCH to NPUSCH format 1, introduce K_offset for UE to transmit NPUSCH at the end of n + k_0 + K_offset DL subframe, where n is for the NPDCCH reception and k_0 is the legacy offset. 

RAR grant to NPUSCH format 1
Problem statement
For an NB-IoT UE, if an NPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block ending in subframe n contains a MAC Random Access Responses (RAR) to the transmitted preamble sequence, the UE shall, according to the received 15-bit uplink grant in the RAR, transmit a UL-SCH transport block at the end of n+k_0 DL subframe. However, the existing k_0 might be insufficient to accommodate the NTN requirement.
Possible solutions 
For an NTN NB-IoT UE, the UE transmits Msg3 based on the UL grant received in Msg2 as well as cell-specific K_offset broadcast in system information. The UE shall transmit a UL-SCH transport block at the end of n + k_0 + K_offset DL subframe, where the DL subframe n contains a MAC RAR corresponding to the transmitted preamble sequence.
[bookmark: _Toc77862364]For RAR grant to NPUSCH format 1, introduce K_offset to transmit MSG3 at the end of n + k_0 + K_offset DL subframe, where the DL subframe n contains MSG2.

NPDSCH to HARQ-ACK on NPUSCH format 2
Problem statement
The UE shall upon detection of an NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of n+k_0-1 DL subframe for FDD, the transmission of the NPUSCH carrying ACK/NACK response, and SR (if any) if the serving cell is FDD and the UE is configured with higher layer parameter sr-with-HARQ-ACK-Config, using NPUSCH format 2 in N consecutive NB-IoT UL slots.
However, timing relationships for NB-IoT in Rel-16 do not take the TA into account, thus enhancement is needed.
Possible solutions 
If an NPDSCH transmission ends in NB-IoT subframe m, an ACK/NACK shall be provided, start, after the end of m + k_0 - 1 + K_offset DL subframe using NPUSCH format 2 in N consecutive NB-IoT UL slots.
[bookmark: _Toc77862365]For NPDSCH to HARQ-ACK on NPUSCH format 2, introduce K_offset to provide an ACK/NACK after the end of m + k_0 – 1 + K_offset DL subframe, where m is a subframe for NPDSCH reception.

Timing advance command activation
Problem statement
For a TA command reception ending in DL subframe n, the corresponding adjustment of the UL 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 an NPUSCH transmission.
However, if the maximum adjustment of a TA command could be longer than one slot, e.g., an overlap may happen among multiple UL slots rather than two continuous UL slots. In this case, the spec would be broken.
Possible solutions 
If the UE is an NTN NB-IoT UE, when the UE's UL NPUSCH transmissions in UL slot n and UL slot n + k are overlapped due to the timing adjustment, the UE shall complete transmission of UL slot n and not transmit the overlapped part of UL slot n + k, and not transmit from UL slots n + 1 to UL slot n + k - 1.
[bookmark: _Toc77862376]For Timing advance command activation, the need for K_offset shall be reviewed considering the first NB-IoT UL slot follows the end of a DL subframe rather than a UL subframe.
[bookmark: _Toc77862366]For Timing advance command activation, determination of the overlapped part of UL slots shall be extended from 1 UL slot to k UL slots.  

NPDCCH order to NPRACH
Problem statement
When a PDCCH order is requested by an eNB, UE shall be ready at the time of 8 subframes after receiving the PDCCH order. However, regarding a TA value that shall be applied for the NPRACH transmission, the additional offset shall be provided for the UE to postpone an NPRACH occasion selection to have additional preparing time and to prevent blinding decoding at the eNB side due to lack of timing advance information used by the UE.
Possible solutions
if a random-access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of the random-access preamble at the end of the first DL subframe n + k_2 + K_offset, where K_offset is provided by the eNB via system information.
[bookmark: _Toc77862367]For NPDCCH order to NPRACH, introduce K_offset to start transmission of the random-access preamble at the end of the first DL subframe n + k_2 + K_offset.

Start of RAR window
Problem statement
For NB-IoT UE, the RAR window starts at the subframe that contains the end of the last preamble repetition plus X subframes, where the value X is determined based on the used preamble format and the number of NPRACH repetitions.
However, the current offset X and the length of the RAR window may not cover the RTT requirements in NTN. As a result, after a UE sends an RA preamble, the UE may lose the corresponding NPDCCH due to the large RTT.
Possible solutions 
For NB-IoT UE, RA Response (RAR) window may start at the subframe that contains the end of the last preamble repetition plus K_RTT and the X subframes, where K_RTT is an estimate of UE-eNB RTT.
[bookmark: _Toc77862368]For the start of the RAR window, use K_RTT to start the RAR window at the subframe containing the end of the last preamble repetition plus K_RTT and the legacy X subframes, where K_RTT is UE-eNB RTT.

NPUSCH using PUR
Problem statement
If the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the UE shall monitor the NPDCCH UE-specific search space in a search space window starting in subframe n + 4 with duration given by higher layer parameter pur-SS-window-duration.
However, the configured pur-SS window may start too early that UE may not receive the corresponding NPDCCH. Note that RAN2 has an agreement related to PUR. See TR 36. 763, clause 7.2.1.7 below.
	3GPP TR 36.763 V17.0.0 (2021-06), clause 7.2.1.7
An offset can be added to the start of the pur-ResponseWindowTimer. If the start of the pur-ResponseWindowTimer is accurately compensated by UE-gNB RTT, there is no need to extend the pur-ResponseWindowTimer value range.


Possible solutions 
Introduce one additional scheduling offset provided by NW or determined by UE, associated with RTT. 
If the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the UE shall monitor the NPDCCH UE-specific search space in a search space window starting in subframe n + 4 + K_RTTwith duration given by higher layer parameter pur-SS-window-duration, where K_RTT is an estimate of UE-eNB RTT.
[bookmark: _Toc77862377]PUR enhancement on the RAR window has been agreed in RAN2, however, no related discussion has been started in RAN1.
[bookmark: _Toc77862369]If the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the UE shall monitor the NPDCCH UE-specific search space in a search space window starting in subframe n + 4 + K_RTT, where K_RTT is an estimate of UE-eNB RTT.

Use of UE-specific TA at NW
The intention to use UE-specific TA at NW is to enhance scheduling in RRC_CONNECTED to avoid UL-DL collisions. 
However, if Rel-17 only focuses on intermittent delay-tolerant small packet transmission, e.g., most of the transmission only happens in MSG5 and then UE goes back to IDLE, then scheduling enhancement may not be essential. Therefore, support of UE-specific TA at NW or UE-specific TA report may be deprioritized in Rel-17.
Although UE-specific TA may not be needed in RRC_CONNECTED, UE may need to report UE-specific TA to enhance DRX operation. Thus, the following agreement can be reused: if enabled by the network, the UE reports information about UE specific TA pre-compensation at the random-access procedure (MSGA/MSG3 or MSG5) using a MAC CE.
[bookmark: _Toc77862370]Deprioritize scheduling enhancement on UE-specific TA report in RRC_CONNECTED for Rel-17.
[bookmark: _Toc77862371]If enabled by the network, the UE reports information about UE-specific TA pre-compensation at the random-access procedure (MSGA/MSG3 or MSG5) using a MAC CE.
Alternatively, the UE location may be reported to NW with a guaranteed accuracy of an area of around a 2km radius. This is to ensure the CGI constructed by NG-RAN corresponds to a fixed geographical area with a size comparable with a TN cell for both connected mode and during initial access.
Figure 1 shows a toy example when UE reports location acquired from GNSS with the 2km accuracy. In this example, the maximum RTT estimate error is 0.0047ms, which is insignificant for a slot-based scheduling, e.g., NR slot length can be 1ms (0%), 0.5ms (1%), 0.25ms (2%), and 0.125ms (4%), with , 3, respectively.
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[bookmark: _Ref77857725]Figure 1: toy example: RTT estimate error when UE reports GNSS location with the 2km accuracy
For an update frequency of the location reporting, this requirement may depend on UE speed. For example, if UE speed is 1200 km/h (e.g., aircraft), then the update frequency would be 6 seconds. Another example is if UE speed is 120 km/h (e.g., the maximum C-IoT device motion on the earth), then the update frequency would be 1 minute.
[bookmark: _Toc77862378]If the UE location is reported to NW with a guaranteed accuracy of an area of a 2km radius, NW could estimate UE-eNB RTT within a 5% error of an NR slot length for all supported SCS.
[bookmark: _Toc77862379]If the UE location is reported to NW with a guaranteed accuracy of an area of a 2km radius, the maximum update frequency shall be every 6s for aircraft and 1 minute for C-IoT devices.
[bookmark: _Toc77862372]If enabled by the network, the UE reports information about UE location during initial access, e.g., via MSG3 or MSG5 using a MAC CE command or RRC parameters. 
[bookmark: _Toc77862373]If enabled by the network, the UE reports information about UE location in RRC_CONNECTED using a MAC CE or an RRC message. The maximum update frequency is 1 minute for C-IoT devices.

Estimate of UE-eNB RTT
The intention to estimate UE-eNB RTT is to support the following enhancement in TR 36.763, Clause 8.2, for example, ra-ResponseWindowSize, mac-ContentionResolutionTimer, UL/DL HARQ RTT timers, and sr-ProhibitTimer. 
For NR over NTN, an estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac, where K_mac is scheduling offset to delay MAC CE action time when DL and UL frame timing are not aligned at gNB. See below.
	Agreement in RAN1#105, 8.4.1 Timing relationship enhancements
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.


However, as shown in TR 36.763, apart from Timing advance command activation, the study did not identify any other IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. Thus, there might be no need to reuse K_mac, but options for determining the estimate of UE-eNB RTT shall be discussed.
Note that K_mac is assumed to have the unit of the PUCCH slot to accommodate its usage on MAC CE. However, for IoT, there is no such need to put this restriction. For its usage, the unit of millisecond shall be considered.
[bookmark: _Toc77862374]Options of determining the estimate of UE-eNB RTT shall be discussed in RAN1, regarding no K_mac can be reused in IoT over NTN.
[bookmark: _Toc77862375]Introduce a new K_mac value for the estimate of UE-gNB RTT, where the new K_mac is assumed to have the unit of millisecond rather than the unit of a PUCH slot. 

Conclusion
In this contribution, we have the following observations
Observation 1	For Timing advance command activation, the need for K_offset shall be reviewed considering the first NB-IoT UL slot follows the end of a DL subframe rather than a UL subframe.
Observation 2	PUR enhancement on the RAR window has been agreed in RAN2, however, no related discussion has been started in RAN1.
Observation 3	If the UE location is reported to NW with a guaranteed accuracy of an area of a 2km radius, NW could estimate UE-eNB RTT within a 5% error of an NR slot length for all supported SCS.
Observation 4	If the UE location is reported to NW with a guaranteed accuracy of an area of a 2km radius, the maximum update frequency shall be every 6s for aircraft and 1 minute for C-IoT devices.

Based on observations, the following proposals are made
Proposal 1	For NPDCCH to NPUSCH format 1, introduce K_offset for UE to transmit NPUSCH at the end of n + k_0 + K_offset DL subframe, where n is for the NPDCCH reception and k_0 is the legacy offset.
Proposal 2	For RAR grant to NPUSCH format 1, introduce K_offset to transmit MSG3 at the end of n + k_0 + K_offset DL subframe, where the DL subframe n contains MSG2.
Proposal 3	For NPDSCH to HARQ-ACK on NPUSCH format 2, introduce K_offset to provide an ACK/NACK after the end of m + k_0 – 1 + K_offset DL subframe, where m is a subframe for NPDSCH reception.
Proposal 4	For Timing advance command activation, determination of the overlapped part of UL slots shall be extended from 1 UL slot to k UL slots.
Proposal 5	For NPDCCH order to NPRACH, introduce K_offset to start transmission of the random-access preamble at the end of the first DL subframe n + k_2 + K_offset.
Proposal 6	For the start of the RAR window, use K_RTT to start the RAR window at the subframe containing the end of the last preamble repetition plus K_RTT and the legacy X subframes, where K_RTT is UE-eNB RTT.
Proposal 7	If the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the UE shall monitor the NPDCCH UE-specific search space in a search space window starting in subframe n + 4 + K_RTT, where K_RTT is an estimate of UE-eNB RTT.
Proposal 8	Deprioritize scheduling enhancement on UE-specific TA report in RRC_CONNECTED for Rel-17.
Proposal 9	If enabled by the network, the UE reports information about UE-specific TA pre-compensation at the random-access procedure (MSGA/MSG3 or MSG5) using a MAC CE.
Proposal 10	If enabled by the network, the UE reports information about UE location during initial access, e.g., via MSG3 or MSG5 using a MAC CE command or RRC parameters.
Proposal 11	If enabled by the network, the UE reports information about UE location in RRC_CONNECTED using a MAC CE or an RRC message. The maximum update frequency is 1 minute for C-IoT devices.
Proposal 12	Options of determining the estimate of UE-eNB RTT shall be discussed in RAN1, regarding no K_mac can be reused in IoT over NTN.
Proposal 13	Introduce a new K_mac value for the estimate of UE-gNB RTT, where the new K_mac is assumed to have the unit of millisecond rather than the unit of a PUCH slot.
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