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Introduction
In RAN#90, to address the minimum specifications for NB-IoT, the following objectives have been confirmed in RP-202689 for the detailed scope of the Rel-17 SI.
	RP-202689
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
· Bands of interest in sub 6 GHz
· Device type with PC3 or PC5 (LEO and GEO) 
· Satellite constellation orbit LEO and GEO 
· Transparent payload.
· Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
· Aspects related to random access procedure/signals [RAN1, RAN2]
· Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
· Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
· Aspects related to HARQ operation [RAN2, RAN1]
· General aspects related to timers (e.g., SR, DRX, etc.) [RAN2]
· RAN2 aspects related to idle mode and connected mode mobility [RAN2]
· RLF-based for NB-IoT
· Handover-based for eMTC
· System information enhancements [RAN2]
· Tracking area enhancements [RAN2]
NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.


As a recommendation from the rapporteur in RP-202689, the following discussion was encouraged.
· Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
In this contribution, we will provide some initial discussion on 
· timing offset related to scheduling
· timing offset related to HARQ-ACK feedback

Discussion
Timing offset related to scheduling
The propagation delays in terrestrial mobile systems are usually less than 1ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN. Dealing with such long propagation delays requires modifications of many timing aspects in NR from the physical layer to higher layers, including the timing advance (TA) mechanism.
[image: ]
[bookmark: _Ref57972867]Figure 1: An illustration of large TA in NTN that results in a large offset in the DL and UL frame timing at UE
In NTN, a UE may need to apply a large TA value that leads to a large offset in its DL and UL frame timing. Figure 1 illustrates a scenario, where the UE applies a large TA, and the DL and UL frame timing are aligned at the eNB.

Msg1: NPRACH starting time
Problem statement
In NTN NB-IoT, a UE may need to apply a large TA value, e.g., 25ms for LEO with 600km, to transmit a narrowband random-access preamble. As a result, after the UE determines a valid NPRACH occasion based on the current specs, it might become invalid after the TA is applied, e.g., the required transmission timing of the preamble might be prior to the reception of SIB1-NB that provides the NPRACH configuration. Otherwise, it would be not causal because NPRACH transmission would be early than NRAPCH configuration reception.
As shown in Figure 2, the selected NPRACH occasion in SFN#1 is before the NPSS reception in SFN#0 after the TA is applied, which is an unworkable occasion, e.g., non-causal. 
Possible solutions
Determination on a valid NPRACH occasion may need a revisit, considering the need of using initial TA for NPRACH.
[bookmark: _Toc61854939]Whether consider the initial TA to determine a valid NPRACH occasion shall be FFS.
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[bookmark: _Ref57981694]Figure 2: NPRACH starting time in NTN NB-IoT

Msg2: RAR window starting time
Problem statement
[bookmark: _Hlk58509360]For an NB-IoT UE, RA Response (RAR) window starts at the subframe that contains the end of the last preamble repetition plus X subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level, where value X is determined from Table 1 based on the used preamble format and the number of NPRACH repetitions, and the ra-ResponseWindowSize refers to the duration of the RAR window, e.g., 
ra-ResponseWindowSize-r13 ENUMERATED {pp2, pp3, pp4, pp5, pp6, pp7, pp8, pp10}.
Value in NPDCCH periods. Value pp2 corresponds to 2 PDDCH periods, pp3 corresponds to 3 PDCCH periods. For FDD: The value considered by the UE is: ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s).
[bookmark: _Ref58339842]Table 1: Subframes between preamble transmission and RA Response Window in NB-IoT
	TDD/FDD mode 
	Preamble format 
	Number of NPRACH repetitions 
	X

	FDD 
	0 or 1 
	>= 64 
	41

	FDD 
	0 or 1 
	< 64 
	4

	FDD 
	2 
	>= 16 
	41

	FDD 
	2 
	< 16 
	4

	TDD 
	Any 
	Any 
	4


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.
Figure 3 assumes that X = 4ms, RAR window length = pp2. Due to the TA, e.g., 15ms, aiming for compensating for the RTT, the NPDCCH response would be lost and be received after the RA occasion outside the RAR window. 
[image: ]
[bookmark: _Ref58340940]Figure 3: RAR window starting time in NTN NB-IoT
Possible solutions
As pointed out by the RAN2 agreements in RAN2#112-e, an offset will be used to delay (adjust) the start of ra-ResponseWindow and mac-ContentionResolutionTimer in eMTC/NB-IoT NTN, like NR-NTN. As a result, if the start of the RAR window is accurately compensated by UE-eNB RTT, ra-ResponseWindow is not extended in LEO/GEO.
However, the remaining question is how to handle the current offset X if the new offset would be introduced.
[bookmark: _Toc61854940]If an offset used to adjust the start of ra-ResponseWindow will be introduced, how to cope with the existing offset X in the legacy NB-IoT shall be considered.

Msg3: UL-SCH transmission timing
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  DL subframe. However, the existing  might be insufficient to accommodate the NTN requirement. 
The MAC RAR consists of Timing Advance Command and UL Grant, as described in Figure 4 or Figure 5 according to a transmitted PRACH preamble format. The UL Grant has 15 bits and consists of a scheduling delay field (. 
[image: ]
[bookmark: _Ref58587256]Figure 4: MAC RAR for NB-IoT UEs
[image: ]
[bookmark: _Ref58600165]Figure 5: MAC RAR for NB-IoT UEs using PRACH preamble format 2
[bookmark: _Toc61854937]Two different MAC RARs for NB-IoT UEs determined by which NPRACH preamble format used.
The value of  is determined by the scheduling delay field () and Table 2. The values of  are in subframes.
[bookmark: _Ref58578961]Table 2: values of  for the RAR grant for FDD
	
	

	0
	12

	1
	16

	2
	32

	3
	64


For Timing Advance Commend, when it is received in the RAR message, UE shall apply the Timing Advance Command by adjusting UL transmission timing for NPUSCH and SR. The 11-bit timing advance command indicates  values by index values of , where an amount of the time alignment is given by . The max value is  0.8ms. 
[image: ]
[bookmark: _Ref58597907]Figure 6: Msg3 transmission time in NTN NB-IoT
As shown in Figure 6, the RAR grant shall indicate the Msg3 transmission timing by scheduling offset denoted as  and meanwhile, UE shall apply the received TA command to adjust its UL transmission timing denoted by 2nd TA. The eNB shall ensure sufficient time at the UE side for the Msg3 transmission, e.g.,  2nd TA. 
However, the eNB may not have prior information about the value of the 2nd TA, hence, ensuring sufficient time for the UE would not be straightforward.
Possible solutions
Scheduling offset for Msg3 shall be considered, which is used for NW to ensure sufficient time for UE to perform Msg3 transmission.
[bookmark: _Toc61854941]Additional scheduling offset for Msg3 shall be considered regarding a need of NW to ensure UE to complete the Msg3 transmission with a required TA value.

Msg4: Contention Resolution
Problem statement
A UE shall monitor NPDCCH during a Contention Resolution (CR) window configured by an eNB. The CR window is controlled by a CR timer provided by an RRC parameter mac-ContentionResolutionTimer. The values of mac-ContentionResolutionTimer could be configured as pp1, pp2, pp3, pp4, pp8, pp16, pp32, and pp64.
[bookmark: _Toc61854938]In NB-IoT, the values of mac-ContentionResolutionTimer are in a unit of NPDCCH periods
Once Msg3 is transmitted, the UE shall start a CR timer and restart a CR timer at each HARQ retransmission of the bundle in the subframe containing the last repetition of the corresponding PUSCH transmission. If a CR timer expires, the UE may consider this CR not successful.
[image: ]
[bookmark: _Ref58854822]Figure 7: CR window start time in NTN NB-IoT
However, as shown in Figure 7, the CR window may start too early to receive the possible NPDCCH reception. Regarding propagation delay, the CR window shall start the minimum RTT between the UE and the eNB after the Msg3 transmission.
Possible solutions 
As pointed out by the RAN2 agreements in RAN2#112-e, an offset will be used to delay (adjust) the start of ra-ResponseWindow and mac-ContentionResolutionTimer in eMTC/NB-IoT NTN, like NR-NTN.
However, whether reusing a unit of an NPDCCH period for the offset might need some discussion.
[bookmark: _Toc61854942]If an offset used to adjust the start of mac-ContentionResolutionTimer will be introduced, whether to reuse an NPDCCH period as a unit shall be FFS.

NPDCCH ordered NPRACH
Problem statement
Another issue shown in Figure 8 is that 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.  
[image: ]
[bookmark: _Ref58850434]Figure 8: RA preamble transmission timing for a PDCCH order
Possible solutions
NW shall guarantee UE could have sufficient processing time, regarding a required TA for UL transmission.
[bookmark: _Toc61854943]The UE processing time for an NPDCCH ordered NPRACH may need a revisit considering a potential need of using a TA value on the NPRACH transmission.

Maintenance of Uplink Time Alignment
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. Figure 9 gives an example.
[image: ]
[bookmark: _Ref58933039]Figure 9: timing to apply a TA command in NB-IoT
[bookmark: _Hlk58942673]When the UE's UL NPUSCH transmissions in UL slot n and UL slot n+1 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+1.
[image: ]
[bookmark: _Ref58933139]Figure 10: stop overlapped UL transmission due to the timing adjustment in NB-IoT
Figure 10 shows an NPUSCH transmission in UL slot n+1 has been stopped partially due to the timing adjustment. If the maximum adjustment received from a TA command is shorter than one slot, then the current spec is not broken.
However, if the maximum adjustment of a TA command could be longer than one slot, then an overlap may happen among multiple UL slots rather than two continuous UL slots. In this case, the spec would be broken.
Figure 11 gives an illustration if a TA command provides adjustment larger than one slot. In this case, the UL transmission in both UL slot n+1 and part of UL slot n+2 may not be transmitted due to an overlap with the UL transmission in slot n. Unfortunately, the current specs cannot capture this need.
[image: ]
[bookmark: _Ref58942347]Figure 11: UL transmission overlap among multiple slots due to the TA adjustment larger than one slot
Possible solutions 
This issue will not exist if the legacy TA adjustment command is reused.
[bookmark: _Toc61854944]Enhancement on TA maintenance shall consider any impact on UL transmission overlap.

NPUSCH scheduling
Problem statement
For an 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  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  indicated in the DCI format.
[image: ]
[bookmark: _Ref58945493]Figure 12: NPUSCH scheduling in NB-IoT
As shown in Figure 12 if the spec context describes transmission timing with TA denoted by Actual Timing, since the scheduling offset  is used to indicate a DL subframe, there would be no scheduling error, e.g., an NPUSCH transmission is scheduled prior to the NPDCCH reception, regarding the large TA required. However, if the spec context aims for Logical Timing assuming TA = 0, then the scheduling error cannot be avoided.
Another reason to support a new scheduling offset is that in NB-IoT the minimum switch time from DL RX to UL TX is given by 1ms. The switch time or so-called the Type B half-duplex guard periods may be reduced by a TA value. As shown in Figure 13, the switch time from DL RX to UL TX is reduced to 0.733ms when TA is 0.267ms. 
[image: ]
[bookmark: _Ref59111539]Figure 13: [R1-1903301] an example of two HARQ processes in downlink with TA of 0.267ms 
Possible solutions 
A new offset value might be needed to schedule NPUSCH.
[bookmark: _Toc61854945]For NPUSCH scheduling, a new offset value might be needed if the current spec context describes the procedure by assuming TA = 0.

Timing offset related to HARQ-ACK feedback
Reporting ACK/NACK
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  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.
Although an ACK/NACK is carried by an NPUSCH transmission, the scheduling offset is different from the NPUSCH that is one subframe before subframe , where  according to subcarrier spacing, ACK/NACK resource field, and ACK/NACK subcarrier in the DCI format.
[image: ]
Figure 14: reporting ACK/NACK in NB-IoT
However, if the current specs aim for the Logical Timing assuming TA = 0, then some enhancement is needed. Also, due to a limited number of HARQ processes, i.e., the max number of 2, supported by NB-IoT and the long RTT requirement for NTN, additional flexibility on DL and UL scheduling might be needed to prevent HARQ stalling.
Possible solutions 
Adding a new scaling factor or scheduling offset on top of  shall be considered.
[bookmark: _Toc61854946]For HARQ-ACK feedback, a new scheduling offset value on top of k0 shall be considered if the current specs describe the procedure assuming TA = 0.

Conclusion
In this contribution, we have the following observations
Observation 1	Two different MAC RARs for NB-IoT UEs determined by which NPRACH preamble format used.
Observation 2	In NB-IoT, the values of mac-ContentionResolutionTimer are in a unit of NPDCCH periods

Based on observations, the following proposals are made
Proposal 1	Whether consider the initial TA to determine a valid NPRACH occasion shall be FFS.
Proposal 2	If an offset used to adjust the start of ra-ResponseWindow will be introduced, how to cope with the existing offset X in the legacy NB-IoT shall be considered.
Proposal 3	Additional scheduling offset for Msg3 shall be considered regarding a need of NW to ensure UE to complete the Msg3 transmission with a required TA value.
Proposal 4	If an offset used to adjust the start of mac-ContentionResolutionTimer will be introduced, whether to reuse an NPDCCH period as a unit shall be FFS.
Proposal 5	The UE processing time for an NPDCCH ordered NPRACH may need a revisit considering a potential need of using a TA value on the NPRACH transmission.
Proposal 6	Enhancement on TA maintenance shall consider any impact on UL transmission overlap.
Proposal 7	For NPUSCH scheduling, a new offset value might be needed if the current spec context describes the procedure by assuming TA = 0.
Proposal 8	For HARQ-ACK feedback, a new scheduling offset value on top of k0 shall be considered if the current specs describe the procedure assuming TA = 0.
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