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1 Introduction

In RAN1-104e meeting, the potential enhancement for the NB-IoT and eMTC over NTN was discussed and the following agreements were made [1]:
Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 

· NPDCCH to NPUSCH format 1 

· RAR grant to NPUSCH format 1 

· NPDSCH to HARQ-ACK on NPUSCH format 2 

· NPDCCH order to NPRACH 

· Timing advance command activation

· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:

· MPDCCH to PUSCH 

· RAR grant to PUSCH 

· PDCCH order to PRACH 

· MPDCCH to scheduled uplink SPS 

· PUSCH to HARQ-ACK on PUCCH 

· CSI reference resource timing 

· MPDCCH to aperiodic SRS 

· Timing advance command activation

· FFS: Other eMTC timing relationships
Agreement: 

Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 

Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.

Agreement:
Study the impact on any timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization
In this contribution, we present the discussion on the timing relationship enhancements applicable to the NB-IoT and eMTC over NTN.
2 Discussion
2.1.1 Timing relationship
During the discussion on the timing relationship for NTN SI/WI, it was agreed that a parameter K_offset is introduced to compensate the large transmission delay between the gNB and UE. The K_offset is applied to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.

· The transmission timing of HARQ-ACK on PUCCH.

· The CSI reference resource timing.

· The transmission timing of aperiodic SRS.

· MAC CE timing (K_mac)

Based on the agreed scenarios for the IoT NTN SI, the enhancements agreed in the NTN WI can be used as the starting point. The motivation of having the K_offset is to compensate the large transmission delay. The K_offset may not be needed in some cases. In [2], the existing timing relationship in terrestrial network is presented as the basis. The RTD can be up to 541.46 ms, 41.77 ms and 25.77ms for NTN GEO, LEO1200, LEO600 respectively. Based on the existing design, some cases such as timing offset for DCI scheduled NPUSCH may not require additional K_offset for some scenarios while some other cases still require additional K_offset.
Table 1: NB-IoT timing relationship offsets [2]
	Timing relationship description
	Value of time offset (FDD)
(ms)

	Timing offset for reporting ACK/NACK on NPUSCH
	 SCS = 3.75kHz
{12, 20} 


	
	SCS = 15kHz {12,14,16,17} 

	Timing offset for DCI scheduled NPUSCH
	8,16,32,64

	Timing offset for RAR grant scheduled NPUSCH
(Also can be configured with additional Scheduling delay field ([image: image2.png]Ipelay



) in RAR)
	12,16,32,64

	start of Msg2 RAR window
	4,41

	PDCCH order PRACH
	the value is k ≥ 8

	Applying time of timing advance command
	12

	start of monitoring PUR response window
	4


Table 2: eMTC timing relationship offsets [2]
	Timing relationship description
	Value of time offset (FDD)
(ms)

	Timing offset for reporting ACK/NACK on MPUCCH
	4,5,6,7,8,9,10,11,13,15,17

	Timing offset for DCI scheduled PUSCH
	4

	Timing offset for RAR grant scheduled PUSCH 
(Also can be configured with UL delay in RAR grant)
	For CEmodeA, 

PUSCH is transmitted in next available UL subframe after n+k1+Δ, if UL delay field is set to 1,

The value is k1, if UL delay field is set to 0,

DL-SCH transport block reception ending in subframe n, and Δ is the number of Msg3 PUSCH repetitions, e.g. 2. k1≥6.

	start of Msg2 RAR window
	3

	PDCCH order PRACH
	the value is k2 ≥ 6

	Applying time of timing advance command 
	6

	start of monitoring PUR response window
	4


Based on the analysis, the K_offset can be applied to the following timing relationship.
For NB-IoT:

· NPDCCH to NPUSCH format 1 

· RAR grant to NPUSCH format 1 

· NPDSCH to HARQ-ACK on NPUSCH format 2 

· NPDCCH order to NPRACH 
· Timing advance command activation

For eMTC:

· MPDCCH to PUSCH 

· RAR grant to PUSCH 
· PDCCH order to PRACH 

· MPDCCH to scheduled uplink SPS 

· PUSCH to HARQ-ACK on PUCCH 

· CSI reference resource timing 

· MPDCCH to aperiodic SRS 

· Timing advance command activation

Proposal 1: K_offset can be applied to the following timing relationship:
For NB-IoT:

· NPDCCH to NPUSCH format 1 

· RAR grant to NPUSCH format 1 

· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 

· Timing advance command activation

For eMTC:

· MPDCCH to PUSCH 

· RAR grant to PUSCH 
· PDCCH order to PRACH 

· MPDCCH to scheduled uplink SPS 

· PUSCH to HARQ-ACK on PUCCH 

· CSI reference resource timing 

· MPDCCH to aperiodic SRS 

· Timing advance command activation

2.1.2 HD-FDD
In the NB-IoT design, only HD-FDD is supported. This may have impact on the timing relationship for IoT NTN. In one aspects, the whole transmission link is consisted of the service link and feeder-link, the gNB can be aware of the transmission delay on the feeder-link assuming the RP is set on the Sat. However, the gNB is not aware of the UEs’ position, and thus, the transmission delay on the service link is not available at the gNB side. This may introduce interrupted transmissions for the half duplex UEs. 

[image: image3]
Fig 1: Illustration of interrupted transmission
Proposal 2: The impact on the timing relationship caused by half duplex operation need to be studied.
3 Conclusions

In this contribution, we present the discussion on the timing relationship enhancements applicable to the NB-IoT and eMTC over NTN. Based on our analysis, we have the following proposals:
Proposal 1: K_offset can be applied to the following timing relationship:

For NB-IoT:

· NPDCCH to NPUSCH format 1 

· RAR grant to NPUSCH format 1 

· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 

· Timing advance command activation

For eMTC:

· MPDCCH to PUSCH 

· RAR grant to PUSCH 
· PDCCH order to PRACH 

· MPDCCH to scheduled uplink SPS 

· PUSCH to HARQ-ACK on PUCCH 

· CSI reference resource timing 

· MPDCCH to aperiodic SRS 

· Timing advance command activation

Proposal 2: The impact on the timing relationship caused by half duplex operation need to be studied.
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