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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.
· Aspects related to HARQ operation [RAN2, RAN1]
In this contribution, we will provide some initial discussion on 
· NPDCCH monitoring: HARQ
· Multiple HARQ processes

Discussion
NPDCCH monitoring: HARQ
Problem statement
If an NB-IoT UE is configured with two HARQ processes and if the UE has an NPUSCH transmission ending in subframe n, the UE is not required to receive transmissions in the Type B half-duplex guard periods for FDD. 
[image: ]
Figure 1: Type B half-duplex guard periods for FDD in NB-IoT
If an NB-IoT UE is configured with two HARQ processes and if the UE has an NPUSCH transmission ending in subframe n, the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3.
 [image: ]
Figure 2: no NPDCCH after NPUSCH for the same HARQ process ID
However, an NTN NB-IoT UE may experience longer RTT than 3ms, e.g., 541ms of RTT for GEO and 25ms of RTT for LEO. Regarding power saving purpose, further enhancement shall be considered. 
Possible solutions
UE may skip NPDCCH monitoring for the same HARQ process longer regarding the long RTT in NTN. 
[bookmark: _Toc61855055]UE shall skip NPDCCH monitoring for the same HARQ process within a given RTT.


Multiple HARQ processes
Problem statement
For an NPDCCH UE-specific search space if the following conditions are met:
1) if an NB-IoT UE is configured with higher layer parameter twoHARQProcessesConfig or npusch-MultiTB-Config and 
2) if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe , and 
3) if the corresponding NPUSCH format1 transmission starts from ,
4) if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI NOT schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, 
then, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe  to subframe .
However, as shown in Figure 3, some clarification on whether subframe  is based on Actual Timing or Logical Timing shall be needed. Also, if a new scheduling offset is introduced for NPUSCH, modification is needed.
[image: ]
[bookmark: _Ref59178002]Figure 3: NPDCCH monitoring for more than one HARQ processes
Another issue is that if the above conditions, i.e., from 1) to 4), are met, then, the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block.
[bookmark: _Toc61855054]If an NB-IoT UE detects a DCI ending in subframe n, the UE may not expect to receive another DCI before subframe n+k-2 for which the corresponding NPUSCH transmission ends later than subframe n+k+255.
As shown in Figure 4, when the 1st HARQ is occupied, then NW cannot use another DCI format with the 2nd HARQ before subframe to schedule the corresponding NPUSCH longer than subframe .
[image: ]
[bookmark: _Ref59181847]Figure 4: scheduling limitation for the network when two HARQ processes are configured for NB-IoT
However, NTN NB-IoT may require a longer scheduling offset, e.g., > 541ms, to accommodate RTT. The existing limitations may put a strong constraint on NW scheduling capability.
The reason behind this is to have uplink compensation gaps (UCGs) in place, described as follows.
	3GPP TS 36.211 V16.3.0
After transmissions and/or postponements due to NPRACH of  time units, for frame structure type 1, a gap of  time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.


The UCG is to allow the UE to re-synchronize to DL signals during a long UL transmission which results in time and frequency drift primarily due to UE self-heating and low-cost XOs.
As shown in Figure 5, the UL gaps are defined absolutely from the start of the NPUSCH transmission, i.e., gaps are 40ms occurring every 256ms from the start of NPUSCH#0 until the end of NPUSCH#1. The issue is that if DCI#0 is missing, UE will transmit NPUSCH#1 without pending a gap. But eNB will expect to receive NPUSCH#0 and NPUSCH#1 according to the UCG timer with a UL gap in the middle of NPUSCH#1. 
[image: ]
[bookmark: _Ref59184684]Figure 5: [R1-1803881] inconsistency between UE and eNB if there is no such scheduling limitation
This inconsistency issue may exist when 2 HARQ processes are configured and the maximum total transmission duration exceeds 256ms, without any scheduling gap between the two NPUSCHs towards the 256ms.
Possible solutions
Some enhancement for two consecutive NPUSCH transmissions shall be considered.
[bookmark: _Toc61855056]Enhancement on two consecutive NPUSCH transmissions might be needed, regarding the existing scheduling restriction on scheduling offset. 

Conclusion
In this contribution, we have the following observations
Observation 1	If an NB-IoT UE detects a DCI ending in subframe n, the UE may not expect to receive another DCI before subframe n+k-2 for which the corresponding NPUSCH transmission ends later than subframe n+k+255.

Based on observations, the following proposals are made
Proposal 1	UE shall skip NPDCCH monitoring for the same HARQ process within a given RTT.
Proposal 2	Enhancement on two consecutive NPUSCH transmissions might be needed, regarding the existing scheduling restriction on scheduling offset.
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