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Introduction
In RAN1#104e, the following agreements were made as progress for the timing relationship enhancement [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.

[bookmark: _Hlk63428477]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 further discuss on the timing relationship issues for IoT-NTN.
Discussion
Necessity of Koffset for NB-IoT and eMTC timing relationships
In RAN1 #104e, the necessity of Koffset for IoT-NTN was discussed since NB-IoT and eMTC have a larger time offset for uplink transmission as compared with other types of UEs. Note that Koffset is used in order to ensure that the scheduling information (e.g., DCI) is received earlier than its associated UL transmission when a large TA value is used to compensate the RTD in NTN. If the time offset values supported in NB-IoT and/or eMTC are larger than TA value (i.e., worst case RTD), Koffset doesn’t need to be introduced for the case. 
As seen in the Table 1 which shows RTD of NTN scenarios under consideration, RTD seems relatively a large number especially for GEO. 
Table 1: RTD in NTN satellite scenarios under consideration [2]
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)
12.89 ms (600km)
20.89 ms (1200km)



For NB-IoT, the following timing relationships have been agreed to study further whether Koffset has to be introduced for each case:
· 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

The Table 2 shows time offset values configurable for each timing relationships for NB-IoT. As seen in the Table, the maximum time offset values for some of the timing relationships (e.g., NPDCCH to NPUSCH format 1 and RAR grant to NPUSCH format 1) are greater than RTD in LEO based NTN. However, as compared with the RTD for GEO based NTN, the maximum time offset values are still not enough to address the issues.
Table 2: NB-IoT timing relationship offsets [2]
	Timing relationship description
	Value of time offset (FDD)
(ms)
	Value of time offset (TDD)
(ms or subframe)

	NPDCCH to NPUSCH format 1
	8,16,32,64
	(k + 8) subframes, where
k = {0, 8, 16, 32}

	RAR grant to NPUSCH format 1
	12,16,32,64
	(k + 8) subframes, where
k = {4, 8, 16, 32}

	NPDSCH to HARQ-ACK on NPUSCH format 2
	 SCS = 3.75kHz
{12, 20} 

	(k + 12) subframes, where k = {0, 8} 

	
	SCS = 15kHz {12,14,16,17} 
	(k + 12) subframes, where
k = {0, 2, 4, 5} 

	NPDCCH order to NPRACH
	the value is k ≥ 8
	

	Timing advance command activation
	12
	



Although Koffset may not be needed for some timing relationship cases in LEO scenario for NB-IoT, it is clear that Koffset should be supported for all timing relationship cases listed in Table 2 at least for GEO scenario. It may be simpler to introduce Koffset and allow to use zero Koffset value when it is not needed as a unified solution.
Proposal-1: Koffset is introduced for the timing relationships identified for NB-IoT and allow to use Koffset=0 for the case when RTD is smaller than the time offset used
As similar to NB-IoT, the following eMTC timing relationships have been identified for further study whether Koffset has to be supported or not:
· 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

The Table 3 shows the time offset values supported for the eMTC timing relationships agreed to further study. As seen in the Table, the maximum time offsets for eMTC are smaller than that for NB-IoT as well as the RTD for LEO based NTN. Therefore, it is also clear that Koffset has to be introduced for the timing relationships identified for eMTC.
Table 3: eMTC timing relationship offsets [2]
	Timing relationship description
	Value of time offset (FDD)
(ms)

	PDCCH to PUSCH
	4

	RAR grant to PUSCH
	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.

	PDCCH order to PRACH
	the value is k2 ≥ 6

	PUSCH to HARQ-ACK on PUCCH
	4,5,6,7,8,9,10,11,13,15,17

	Timing advance command activation
	6


 
Proposal-2: Koffset is introduced at least for the following eMTC timing relationships
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· PUSCH to HARQ-ACK on PUCCH 
· Timing advance command activation

Beam-specific vs Cell-specific Koffset
In Rel-17 NTN NW, RAN1 has discussed a similar issue and agreed to support at least cell-specific Koffset since it doesn’t increase signaling overhead and/or keep the existing SI design principle (i.e., same SI transmitted over beams) although it may increase latency for initial access. The beam-specific Koffset is still under discussion whether the initial access latency reduction can justify additional signaling overhead and specification impacts.
The beam-specific Koffset seems to be less motivated for eMTC and NB-IoT since those types of devices are delay tolerant and it only affects initial access. Note that the mobility and/or latency reduction are not the main focus of the current study. Therefore, a cell-specific Koffset seems to be enough for IoT-NTN. 
Proposal-3: cell-specific Koffset is only considered for Rel-17 IoT-NTN

Explicit vs. Implicit Koffset indication in SI for initial access
For NTN, the explicit Koffset signaling in SI has been agreed as it can provide higher flexibility at the network such that a reference point is located in between eNB and satellite but unknown to the UE. It seems there is no clear motivation to discuss the same topic in IoT-NTN and we can simply follow the agreement made in NTN WI.
Proposal-4: An explicit Koffset indication is provided in SI for initial access similar to NTN

UE-specific Koffset during RRC connected mode
The Koffset update after initial access has been agreed in RAN1 #104e for NTN to support UE-specific Koffset in RRC connected mode so that the latency can be reduced. Note that the cell-specific Koffset value configured for initial access is based on the worst case RTD within a cell and the RTD may be largely different between UEs due to the significantly large cell size in NTN. Therefore, a UE-specific Koffset could reduce the latency for the UEs in the cell center.
Since the latency reduction is not the main focus of the IoT-NTN study, it doesn’t need to be supported for IoT-NTN unless there are other types of benefits (e.g., collision avoidance in HD-FDD operation).
Proposal-5: UE-specific Koffset in connected mode is not supported for IoT-NTN unless a benefit other than latency reduction is identified
Summary
In this contribution, we discussed on potential enhancement for timing relationship for IoT NTN. Based on the discussion, we propose following: 

Proposal-1: Koffset is introduced for the timing relationships identified for NB-IoT and allow to use Koffset=0 for the case when RTD is smaller than the time offset used
Proposal-2: Koffset is introduced at least for the following eMTC timing relationships
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· PUSCH to HARQ-ACK on PUCCH 
· Timing advance command activation
Proposal-3: cell-specific Koffset is only considered for Rel-17 IoT-NTN
Proposal-4: An explicit Koffset indication is provided in SI for initial access similar to NTN
Proposal-5: UE-specific Koffset in connected mode is not supported for IoT-NTN unless a benefit other than latency reduction is identified
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