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[bookmark: _Ref18181]Introduction
In previous RAN1 meetings, the following agreements were reached on timing relationship enhancements of IOT NTN:
Agreement [1]
Modification of the designation of subframes with NPDCCH monitoring restrictions is needed for at least Cases 1 to 6.
Agreement [1]
For IoT NTN, the unit of K_offset is subframe based on a 15kHz subcarrier spacing (i.e. 1 ms).
· Further discuss the case where UL is using 3.75 kHz SCS

Agreement [1]
For IoT NTN, the unit of K_mac is subframe based on a 15kHz subcarrier spacing (i.e. 1 ms).
· Further discuss the case where UL is using 3.75 kHz SCS

Agreement (unit of K_offset as per RAN1#106-e 8.4.1) [2]
The unit of K_offset is the number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement (K_mac as per RAN1#106-e 8.4.1) [2]
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement (RAN1#106bis-e 8.4.1) [2]
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2

NPDCCH Monitoring
In IoT NTN networks, because of large propagation delays, the duration for which the UE does not need to monitor any DL signal in response to UL transmission needs to be updated compared to traditional terrestrial networks. In legacy terrestrial networks, the propagation delay between UE and enB/gNB is less than 1 msec as the distance between UE and eNB would be around 40 KM for the NBIOT case. For non-terrestrial networks, the propagation delay between UE and eNB would be much larger than 1 msec, as the distance between UE and a GEO satellite and GEO satellite to eNB/gNB would be around 35786 Km, hence we need to update the DL monitoring restriction for the UE to improve UE performance. 
Because of long propagation delays in non-terrestrial networks, the monitoring window for DL reception also needs to be updated. In subsequent sections, we provided the necessary changes for the NPDCCH monitoring restrictions on a case-by-case basis. UE-specific TA will be used by UE in connected mode before UL transmission.  is the UE-specific TA in the unit of subframes.

Note: UE monitors NPDCCH in DL subframe indices and eNB also schedules NDPCCH in DL subframe indices, so it may be easier and less error prone to describe the timing in DL subframes only in the agreement, rather than mixing DL and UL subframes. This way, we can ensure the same understanding between UE and eNB for the scheduling timing. 
· We propose following specification changes to 3GPP TS36.213 section 16.6 to capture the impact of UE-eNB RTT properly:

· Case 7: NPUSCH with same HARQ process when 2 HARQ configured
Existing Configuration Restrictions in Terrestrial Network:
	[bookmark: _Hlk87224469][bookmark: _Hlk87224419]If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig. 
· and if the UE has a NPUSCH transmission ending in subframe n,
· the UE is not required to receive transmissions in the Type B half-duplex guard periods for FDD
· 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;



Proposed UE DL ACK/NACK monitoring restrictions in NTN:
The HARQ-ACK timing in response to NPUSCH transmission is n+4+. The DL subframe n+3+ corresponds to the subframe immediately before HARQ-ACK. Also, it should be noted that the DL subframe n+1 starts immediately after UL subframe n. Therefore, the following changes need to be applied to the existing specifications to properly capture the RTT between the UE and eNB:

	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig. 
· and if the UE has a NPUSCH transmission ending in subframe n,
· the UE is not required to receive transmissions in the Type B half-duplex guard periods for FDD
· 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;



· Case 8: Subframe after NPUSCH processing
Existing Configuration Restrictions in Terrestrial Network:
	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig. 
…

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and 
· if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3.



Proposed UE DL monitoring restrictions in NTN:
Similar to Case 7, the following changes need to be applied to the existing specifications:

	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig. 
…

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
· if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3.



· Case 9: Subframes after NPUSCH carrying Msg3
Existing Configuration Restrictions in Terrestrial Network:
	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig. 
…

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
…
otherwise,
· 

If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1 to subframe n+3. 



[bookmark: _Hlk87535542]	Proposed UE DL monitoring restrictions in NTN:
Similar to Case 7, the following changes need to be applied to the existing specifications:
	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig. 
…

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
…
otherwise,
· 

If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1  to subframe n+3. 



· Case 10: NPRACH for SR for long NPRACH transmission
Existing Configuration Restrictions in Terrestrial Network:
	For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a
narrowband random access preamble for SR ends on subframe n,
· in case of frame structure type 1 with NPRACH format 0 and 1 when the number of NPRACH repetitions is greater than or equal to 64, or NPRACH format 2 when the number of NPRACH repetitions is greater than or equal to 16, the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+40,



Proposed UE DL monitoring restrictions in NTN:
Similar to Case 7, the following changes need to be applied to the existing specifications:

	For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a
narrowband random access preamble for SR ends on subframe n,
· in case of frame structure type 1 with NPRACH format 0 and 1 when the number of NPRACH repetitions is greater than or equal to 64, or NPRACH format 2 when the number of NPRACH repetitions is greater than or equal to 16, the UE is not required to monitor NPDCCH UE-specific search space from subframe n  to subframe n+40,



· Case 11: NPRACH for SR for short NPRACH transmission
Existing Configuration Restrictions in Terrestrial Network:
	For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a
narrowband random access preamble for SR ends on subframe n,
…
· otherwise, the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+3,



Proposed UE DL monitoring restrictions in NTN:
Similar to Case 7, the following changes need to be applied to the existing specifications:
	For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a
narrowband random access preamble for SR ends on subframe n,
…
· otherwise, the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+3,



Proposal 1: Modification of the designation of subframes with NPDCCH monitoring restrictions is mentioned for Cases 7 to 11.
Unit of K_offset
In the existing terrestrial NB-IoT, both DL and UL supports 15KHz sub-carrier spacing. Hence each frame is divided into 10 subframes of 1msec each, and each subframe consist of 2 slots of 0.5 ms each. In addition to that, NB-IoT UL also supports an additional sub carrier spacing of 3.75 KHz. For this particular case, entire frame of 10 ms is divided into 5 slots of 2 ms each.
In the previous RAN1 meetings, it was agreed that the unit of K_offset is subframe based on a 15kHz subcarrier spacing (1 ms),  
In our opinion, unit of K_offset for IOT-NTN should be subframe, which is 1 ms for any subcarrier spacing, for the following reasons: If we consider the unit of K_offset to be slot, and for example, a TA of 5 ms will be covered by 2.5 slots. So, to avoid fractional numbers, unit of subframe would be a better choice for K_offset. Also, in TS 36.213 [3] section 16.5.1: A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n
scheduling NPUSCH intended for the UE, perform, at the end of
- n+k0 DL subframe for FDD,
- k0 NB-IoT UL subframes following the end of n+8 subframe for TDD,
Hence, we prefer to have subframe as the unit of K_offset for 3.75 KHz subcarrier spacing.
Proposal 2: The unit of K_offset is subframe for 3.75 KHz subcarrier spacing.
Unit of K_mac
In the previous RAN1 meetings, it was agreed that the unit of K_mac is subframe based on a 15kHz subcarrier (1 ms). For similar reasons as discussed in previous section, we believe that unit of K_mac should be subframe for 3.75 KHz sub-carrier spacing.
Proposal 3: The unit of K_mac is subframe for 3.75 KHz subcarrier spacing.
Conclusions
In this contribution, we discussed about the NPDCCH monitoring restrictions and unit of K_offset and K-mac for 3.75 KHz sub-carrier spacing. Our proposals are summarized as follows:
Proposal 1: Modification of the designation of subframes with NPDCCH monitoring restrictions is mentioned for Cases 7 to 11.
Proposal 2: The unit of   is sub-frame 3.75 KHz subcarrier spacing.
Proposal 3: The unit of   is sub-frame 3.75 KHz subcarrier spacing.
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