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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
The study on NB-IoT/eMTC support for NTN was approved with the following RAN1 objectives [1]:
	[bookmark: _Hlk61371625]RAN1
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]


In this contribution, we discuss the timing relationship enhancements on NB-IoT/eMTC support for NTN.
2. Discussion
The propagation delay in NTN ranges from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN, which are much longer than that in terrestrial mobile systems [2]. Therefore, some issues about timing relationship need to be discussed and further enhanced.
2.1. DL and UL frame timing
Due to the long propagation delay in NTN, a UE may apply a large TA value that leads to a large offset in its DL and UL frame timing. There are two solutions proposed in NR NTN. The solution which we called “full TA” is shown in Figure 1, where the UE applies a large TA and gNB’s DL and UL frame timing are aligned. Another solution proposed does not need the alignment between gNB's DL and UL frame which we called “partial TA”, illustrated in Figure 2, where the UE applies a UE specific differential TA and a common TA offset in the gNB's DL and UL frame timing exists.


Figure 1: Full TA


Figure 2: Partial TA
Due to the movement of satellite, the propagation delays between eNB and UE changes dramatically, especially for LEO. For full TA, eNB needs provide the propagation delay of feeder back link to UE, and UE updates the value of TA. For partial TA, eNB applies a common TA offset, and the UE applies a UE-specific TA. When the propagation delay changes due to satellite movement, eNB could change the common TA offset by itself, it can effectively reduce the overhead. However, additional complexity is inevitable at network side to manage corresponding scheduling timing.
Proposal 1: Whether full TA or partial TA is used in IoT NTN should be discussed.
2.2. Timing relationship enhancements
Similar to NR NTN UE, an IoT device in NTN deployment also needs to apply a large TA. Therefore, timing offset should be required to handle transmission timing due to the long propagation delay.
For NPDSCH scheduled by a DCI, UE detects a NPDCCH with DCI format N1, N2 ending in subframe n. The corresponding NPDSCH transmission in N consecutive NB-IoT DL subframe(s). The NPDSCH reception timing is defined solely from DL timing perspective. The large offset has no impact on the UE's DL and UL frame timing and thus enhancement is not needed.
Observation 1: For NPDSCH scheduled by a DCI, timing relationship enhancement is not needed.
For NPUSCH scheduled by a DCI, UE detects a NPDCCH with DCI format N0 ending in NB_IoT DL subframe n. And the corresponding transmission of NPUSCH format 1 is carried out in N consecutive NB-IoT UL slots. The first NB-IoT UL slot in N consecutive NB-IoT UL slots is subframe .  is the first NB-IoT UL slot starting after the end of subframe n+k0 for FDD or  is the first NB-IoT UL slot starting after k0 NB-IoT UL subframes following the end of n+8 subframe for TDD. The NPUSCH transmission timing NB-IoT UL slot  is derived from the NB-IoT DL n. Therefore, timing relationship enhancement is needed. The same reason applies to NPUSCH scheduled by RAR grant.
Observation 2: For NPUSCH scheduled by a DCI, timing relationship enhancement is needed.
Observation 3: For NPUSCH scheduled by RAR grant, timing relationship enhancement is needed.
For HARQ-ACK on NPUSCH, UE detects a NPDSCH transmission ending in NB-IoT subframe n, and then the UE uses NPUSCH format 2 which carrying ACK/NACK responses in N consecutive NB-IoT UL slots. The timing of NPUSCH transmission is derived from the DL subframe n and the field of ACK/NACK resource in the DCI format of the relevant NPDCCH. Hence, timing relationship enhancement is needed.
Observation 4: For HARQ-ACK on NPUSCH, timing relationship enhancement is needed.
For the start of RA Response window, the description in TR 36.321 is as follows,
	If the UE is an NB-IoT UE, RA Response window starts at the subframe that contains the end of the last preamble repetition plus X subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level, where value X is determined from Table 5.1.4-1 based on the used preamble format and the number of NPRACH repetitions.


The subframe that RA Response window starts is derived from the end of the last preamble repetition. Due to the large propagation delay in NTN, UE may not receive the RAR grant in response window if the propagation delay is much larger than the length of response window. Therefore, a timing offset should be applied to the start of ra-ResponseWindow in IoT NTN.
Observation 5: A timing offset need be applied to the start of ra-ResponseWindow in IoT NTN.
Based on the discussion above, we propose the following:
Proposal 2: The following timing relationship need be enhancement in IoT NTN.
· The transmission timing of DCI scheduled NPUSCH.
· The transmission timing of RAR grant scheduled NPUSCH.
· The transmission timing of HARQ-ACK on NPUSCH.
· The timing of RA Response window starts.
Fortunately, the K_offset introduced in NR NTN can be reused in IoT NTN to enhance the timing relationships involving DL-UL timing interactions. Based on the previous discussion in NR NTN, for NPUSCH scheduled by DCI, NPUSCH scheduled by RAR grant and HARQ-ACK on NPUSCH, introduce K_offset to enhance the timing relationship. And the timing of RA Response window starts can wait for the discussion in NR NTN.
Proposal 3: Reuse the K_offset introduced in NR NTN to enhance the following timing relationships in IoT NTN.
· The transmission timing of DCI scheduled NPUSCH.
· The transmission timing of RAR grant scheduled NPUSCH.
· The transmission timing of HARQ-ACK on NPUSCH.
3. Conclusion
In this contribution, some issues on timing relationship enhancements on NB-IoT/eMTC for NTN have been discussed, and the proposals made are summarized as below:
Observation 1: For NPDSCH scheduled by a DCI, timing relationship enhancement is not needed.
Observation 2: For NPUSCH scheduled by a DCI, timing relationship enhancement is needed.
Observation 3: For NPUSCH scheduled by RAR grant, timing relationship enhancement is needed.
Observation 4: For HARQ-ACK on NPUSCH, timing relationship enhancement is needed.
Observation 5: A timing offset need be applied to the start of ra-ResponseWindow in IoT NTN.
Proposal 1: Whether full TA or partial TA is used in IoT NTN should be discussed.
Proposal 2: The following timing relationship need be enhancement in IoT NTN.
· The transmission timing of DCI scheduled NPUSCH.
· The transmission timing of RAR grant scheduled NPUSCH.
· The transmission timing of HARQ-ACK on NPUSCH.
· The timing of RA Response window starts.
Proposal 3: Reuse the K_offset introduced in NR NTN to enhance the following timing relationships in IoT NTN.
· [bookmark: _GoBack]The transmission timing of DCI scheduled NPUSCH.
· The transmission timing of RAR grant scheduled NPUSCH.
· The transmission timing of HARQ-ACK on NPUSCH.
References
[1] RP-202689, “New Study WID on NB-IoT/eTMC support for NTN”, MediaTek Inc.
[2] TR 38.821, “Solutions on NR to support non-terrestrial networks”.
image1.emf
UE DL

UE UL

eNB DL

eNB UL

n

n

n

n

TA

delay

delay


Microsoft_Visio_2003-2010_Drawing.vsd
文本�

文本�

文本�

UE DL


UE UL


eNB DL


eNB UL


n


n


n


n


TA


delay


delay



image2.emf
UE DL

UE UL

eNB DL

eNB UL

n

n

n

n

TA

delay

delay

eNB DL-UL frame timing shift 


Microsoft_Visio_2003-2010_Drawing1.vsd
文本�

文本�

文本�

UE DL


UE UL


eNB DL


eNB UL


n


n


n


n


TA


delay


delay


eNB DL-UL frame timing shift 



