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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on NR NTN discussion, timing relationship had taken into account longer propagation delay and reference point configuration. In terms of IoT NTN, similar issue exists due to almost same deployment scenarios. Hence, general principle for NR NTN can be reused in IoT NTN to resolve same issue, but additional enhancement should be considered to address differential issues in IoT NTN. Based on NTN Chairman's Notes 104-e [1], there are some agreements as follows.
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 
· PDSCH to HARQ-ACK on MPUCCH 
· 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.

In this contribution, some potential technical issues and related enhancements are presented to support NB-IoT and eMTC over satellite. 

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Timing relationship enhancements for FDD
Based on analysis in TR 38.821 [2], the propagation delay in NTN is much larger than that in terrestrial networks. Some results show in the table 1.
Table1：The RTT for the cases with 10 degree of elevation angle
	Scenarios/Para
	LEO
	GEO

	
	600 km
	1200 km
	

	
	Transparent
	Regenerative
	Transparent
	Regenerative
	Transparent
	Regenerative

	RTT (ms)
	20.89
	12.89
	41.77
	25.77
	541.46
	270.73



For NB-IoT system, the subcarrier spacing can be 3.75kHz or 15kHz, which corresponds to 4ms or 1ms for each subframe duration. For eMTC system, the subcarrier spacing is 15kHz, which corresponds to 1ms for each subframe duration.
Similar to NR NTN, IoT NTN also needs to enhance the timing relationship in DL and UL frame timing. 
Timing relationship enhancements for NB-IoT
For NB-IoT, the uplink physical channels only include NPRACH and NPUSCH [3]. According to the agreement in RAN1#104-e, the following cases in timing relationship need to be analyzed firstly:
A. NPDCCH to NPUSCH format 1
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n intended for the UE, perform a corresponding NPUSCH transmission using NPUSCH format 1 at the end of . The time length shows in the table 2 corresponding to different  values when different subcarrier spacing values are configured.
Table2：The time length of  
	

	

	3.75k
（ms）
	15k
（ms）

	0
	8
	32
	8

	1
	16
	64
	16

	2
	32
	128
	32

	3
	64
	256
	64



B. RAR grant to NPUSCH format 1
A UE shall upon detection on a given serving cell of a RAR grant ending in NB-IoT DL subframe n intended for the UE, perform a corresponding NPUSCH transmission using NPUSCH format 1 at the end of . The time length shows in the table 3 corresponding to different  values when different subcarrier spacing values are taken.
Table3：The time length of 
	

	

	3.75k
（ms）
	15k
（ms）

	0
	12
	48
	12

	1
	16
	64
	16

	2
	32
	128
	32

	3
	64
	256
	64



C. NPDSCH to HARQ-ACK on NPUSCH format 2
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which 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 shall be provided starting after the end of  DL subframe. The time length shows in the table 4 corresponding to different  values when different subcarrier spacing values are taken.
Table4：The time length of 
	
	
	ms

	3.75k
	12
	48

	
	20
	80

	15k
	12
	12

	
	14
	14

	
	16
	16

	
	17
	14



D. PDCCH order to PRACH
In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe , , where a NPRACH resource is available. The time length shows in the table 5 corresponding to different  values when different subcarrier spacing values are taken.
Table5：The time length of 
	
	
	ms

	3.75k
	,
	

	15k
	,
	




E. Timing advance command activation
For a timing advance command reception ending in DL subframe , the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of  DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission. The time length shows in the table 6 when different subcarrier spacing values are taken.
Table 6：The time length 
	subframe
	3.75k
（ms）
	15k
（ms）

	12
	48
	12



For the above-mentioned four time relationships of A, B, C and E, whether the existing timing relationship can be applied in NTN case, mainly depends on the location of timing reference point (RP). If RP is set at the satellite, UL TA refers to the RTT between UE and satellite. Based on above table parameters, the existing timing relationship can meet the demand of the LEO system under certain specific options, but most options under the GEO system can’t work. If RP is set at the base station, UL TA refers to the RTT between UE and base station, and consequently, most of the existing timing relationships can’t satisfy the requirement. In addition, considering that if the network can’t accurately know UE’s TA information, the network can only configure time/frequency resource according to the maximum TA, which will cause resource waste. Based on the above analysis, it is recommended to enhance timing relationships of A, B, C and E.
· 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 

[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK25]Proposal 1:  is needed to enhance following transmission timing for NB-IoT over NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· Timing advance command activation

For the timing relationship of case D, similar to the NR NTN, the UE can select the resources that meet the conditions. However, considering possible resource waste and blind detection of the network with long time, an additional time offset can also be considered. It is recommended to adopt the conclusion from the discussion of NR NTN.

Proposal 2: Apply same mechanism of NR NTN used in NB-IoT over NTN for the timing relationship processing of PDCCH order.

In addition to the above timing relationships, the retransmission of preamble needs to be further considered. 
For the retransmission of preamble, if a random access response is received and the corresponding DL-SCH transport block ending in subframe  does not contain a response to the transmitted preamble sequence, or if no NPDCCH scheduling random access response is received in subframe , the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n. In current specification, UE retransmits preamble with TA=0 and thus 12 milliseconds can work. While in NTN, UE retransmits preamble with UE_TA, which can be larger than 12 milliseconds, may cause the retransmission occurs before the reception of RAR. 
Therefore, for the retransmission of preamble, an offset is necessary to be introduced here.

Proposal 3: For NB-IoT in NTN, timing enhancement of preamble retransmission is needed.

Timing relationship enhancements for eMTC
For eMTC devices, uplink physical channels are similar to those of LTE. The following timing relationships need to be analyzed firstly:
A. MPDCCH to PUSCH
For FDD and a BL/CE UE, if an MPDCCH, which configuring an aperiodic CSI report or the HARQ process, scheduling PUSCH intended for the UE, UE shall perform a corresponding PUSCH transmission on subframe , including all subframe repetitions of the PUSCH transmission. For eMTC, 4 subframes correspond to 4ms.
B. RAR grant to PUSCH
DL-SCH transport block reception ending in subframe n, and Δ is the number of Msg3 PUSCH repetitions. For FDD, .
For CEModeA:
· If UL delay field is set to 1, PUSCH is transmitted in next available UL subframe after , and the maximum value of repetition is 32.
· if UL delay field is set to 0, PUSCH is transmitted in subframe.

For CEModeB:
A BL/CE UE interpreting the contents of the random access response according to CEModeB shall follow the description of UL delay field set to 0. PUSCH is transmitted in subframe.
C. PDCCH order to PRACH
In case a random access procedure is initiated by a "PDCCH order" in subframe n for for BL/CE UEs, the UE shall, if requested by higher layers, transmit random access preamble in the first subframe , , where a PRACH resource is available.
D. MPDCCH to scheduled uplink SPS
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]The same enhancement can be applied to indicate the first transmission opportunity of uplink SPS in the same way as enhancement is applied to the transmission timing of MPDCCH to PUSCH.
E. PDSCH to HARQ-ACK on MPUCCH
The UE shall upon detection of a PDSCH transmission ending in eMTC DL subframe  intended for the UE and the UE shall determine the subframe  as the HARQ-ACK transmission subframe. The HARQ-ACK delay value  is determined from the corresponding DCI. The time length shows in the table 7 corresponding to different  values.
Table 7：The time length of 
	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range1'
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range2' or ’ce-HARQ-AckBundling’ is set

	000
	4
	4

	001
	5
	5

	010
	7
	6

	011
	9
	7

	100
	11
	8

	101
	13
	9

	110
	15
	10

	111
	17
	11



F. CSI report timing
For FDD and a BL/CE UE configured with CEModeA, if an MPDCCH with CSI request field set to trigger an aperiodic CSI report , is detected by a UE on subframe , then on subframe  UCI is mapped on the corresponding PUSCH transmission, including all subframe repetitions of the PUSCH transmission.
G. MPDCCH to aperiodic SRS
A BL/CE UE configured for type 1 triggered SRS transmission on serving cell c upon detection of a positive SRS request of serving cell c shall commence SRS transmission in the first subframe satisfying , where subframe  is the last subframe in which the DCI format 6-0A/6-1A with the positive SRS request is transmitted,
H. Timing advance command activation
For a BL/CE UE, for a timing advance command received on subframe , the corresponding adjustment of the uplink transmission timing shall apply for the uplink PUCCH/PUSCH/SRS transmissions in subframe .
For the above-mentioned timing relationships of A, B, D, E, F, G and H, the existing timing relationship can’t meet the demand of NTN, in which the TA is relatively large, especially for GEO. Hence, it is recommended to enhance timing relationships of A, B, D, E, F, G and H.

[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 4:  is required to enhance following transmission timing for NB-IoT over NTN:
· MPDCCH to PUSCH
· RAR grant to PUSCH
· MPDCCH to scheduled uplink SPS
· PUSCH to HARQ-ACK on PUCCH
· CSI report timing
· MPDCCH to aperiodic SRS
· Timing advance command activation

For the timing relationship of C, similar to the analysis of NB-IoT, the UE can select the resources that meet the conditions. However, considering the resource waste problem of long blind detection time of the network, an additional time offset can also be considered. It is recommended to reuse the conclusion of NR NTN.

Propose 5: Apply same mechanism of NR NTN used into eMTC over NTN for the timing relationship processing of PDCCH order to PRACH.

In addition to the above timing relationships, the retransmission of preamble in eMTC also needs to be further considered. 
For the retransmission of preamble, if a random access response is received and the corresponding DL-SCH transport block ending in subframe  does not contain a response to the transmitted preamble sequence, or if no NPDCCH scheduling random access response is received in subframe ,  or the corresponding DL-SCH transport block reception ending in subframe  cannot be successfully decoded, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe  or . In NTN, UE retransmits preamble with UE_TA, which can be larger than 5 subframes, may cause the retransmission occurs before the reception of RAR. Besides, consider the resource waste problem of long blind detection time of the network.
Therefore, for the retransmission of preamble, an offset is necessary to be introduced here.

Proposal 6: For eMTC in NTN, timing enhancement of preamble retransmission is needed.

Uplink transmission timing enhancement for HD-FDD  
In HD-FDD, UE can’t send and receive signals at the same time. One transmission gap has been specified in IoT case for HD-FDD mode to support the switching from UL to DL for DL time-frequency synchronization refinement, which can be periodically configured during a long-time uplink transmission.

For PUSCH repetition transmission, based on current NB-IoT and eMTC specification, a gap of 40ms is inserted after the 256ms transmission. For PRACH, a 40ms gap has been specified after finishing PRACH transmission of time period. During this period, the transmission of PUSCH or PRACH is suspended and delayed until the end of the gap. Due to long propagation delay, the UE may apply timing advance in the beginning period of the PUSCH/PRACH signal. The transmission of PUSCH/PRACH signal after GAP also needs to advance the timing of UE_TA. If the UE_TA of PUSCH/PRACH signal after GAP is different from that of PUSCH/PRACH signal before GAP, which may cause the collision of GAP and PUSCH/PRACH signal after GAP. Then it is necessary to consider the timing change caused by the UE_TA adjustment between GAP and the next signal transmission on UE side. 
There are two possible options to help UE eliminate the collision.
Option 1: Add a small GP at the ending of GAP to allow TA adjustment
The GP with uplink transmission can ensure that the next signal transmission after GAP can advance the timing of UE_TA and doesn’t collide with the receiving process of GAP, as shown in Figure 1.
Option 2: Split a small part from the original GAP for TA adjustment
The change between the UE_TA of PUSCH/PRACH signal after GAP and the UE_TA of PUSCH/PRACH signal before GAP is relatively small, and the length of GAP is 40ms. It’s feasible to take a small period from 40ms GAP as reserved time for UE, in case of the collision problem mentioned above, as shown in Figure 2.


Figure 1: Illustration of PUSCH/PRACH GP after transmission GAP


Figure 2: Illustration of PUSCH/PRACH reserved time in GAP

Observation 1: There might have the collision of GAP and PUSCH/PRACH signal after GAP because of different UE_TA applied.

Proposal 7: Add a small GP or split a small period from original 40ms GAP as reserved time to solve transmission collision for HD-FDD case.

Conclusion
In this contribution, we analzyed potential issues of NB-IoT and eMTC over satellite and presented a few enhancements to guarantee satellite IoT performance. In sum, the proposals are listed as follows:
Observation 1: There might have the collision of GAP and PUSCH/PRACH signal after GAP because of different UE_TA applied.

Proposal 1:  is needed to enhance following transmission timing for NB-IoT over NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· Timing advance command activation
Proposal 2: Apply same mechanism of NR NTN used in NB-IoT over NTN for the timing relationship processing of PDCCH order.
Proposal 3: For NB-IoT in NTN, timing enhancement of preamble retransmission is needed.
Proposal 4:  is required to enhance following transmission timing for NB-IoT:
· MPDCCH to PUSCH
· RAR grant to PUSCH
· MPDCCH to scheduled uplink SPS
· PUSCH to HARQ-ACK on PUCCH
· CSI report timing
· MPDCCH to aperiodic SRS
· Timing advance command activation

Propose 5: Apply same mechanism of NR NTN used into eMTC over NTN for the timing relationship processing of PDCCH order to PRACH
Proposal 6: For eMTC in NTN, timing enhancement of retransmission of preamble is needed.
Proposal 7: Add a small GP or split a small period from original 40ms GAP as reserved time to solve transmission collision for HD-FDD case.
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