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1	Introduction
In RAN#86, a Rel-17 Study Item (SI) on IoT NTN was approved to evaluate the feasibility of Non-terrestrial networks (NTN) for NB-IoT and eMTC and the study item description is updated in [1]. It was agreed to use the existing work on NR NTN captured in TR 38.321 [2] as a baseline. The main RAN1 objectives in this SI are as follows.  
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
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication 
-	Timing offset related to scheduling and HARQ-ACK feedback 
-    Aspects related to HARQ operation

At RAN1#104-e, several agreements were made. The agreements serve as guidance on what to study in this study item on timing relationships. In this contribution, we present our views on aspects related to timing relationships in IoT NTN for both NB-IoT and eMTC.
[bookmark: _Ref54287404]2	Timing relationships
There are various timing relationships specified for eMTC and NB-IoT, e.g., timing offset related to scheduling and HARQ-ACK feedback. However, it is not often clear whether it takes into account timing advance (TA). It is our view that RAN1 should first discuss existing eMTC and NB-IoT timing relationships to reach a common understanding, before discussing any potential required adjustment(s) within the context of NTN.
[bookmark: _Toc68276572]It is not clear whether the various timing relationships in eMTC and NB-IoT take into account timing advance (TA).
[bookmark: _Toc68276574]RAN1 to first discuss existing eMTC and NB-IoT timing relationships to reach a common understanding, before discussing any potential required adjustment(s) within the context of NTN.
To illustrate the problems more concretely, we discuss eMTC and NB-IoT in the sequel, respectively.
2.1	eMTC
The following agreement was made at RAN1#104-e.  
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

In terrestrial networks, the round-trip time is typically neglected when discussing the uplink and downlink timing and scheduling. This is motivated by the shift of downlink-uplink frame timing due to the TA being less than 1 ms. With this assumption, the specifications are a bit relaxed when referring to subframes and in many places do not distinguish whether a subframe is an uplink subframe or a downlink subframe. This could cause some semantic issues when directly applying the texts in the specifications to describe procedures that involve the uplink-downlink timing relationship in a non-terrestrial network (such as a GEO satellite system), where the shift of uplink-downlink frame timing can be hundreds of subframes.
To illustrate the problem more concretely, we consider a specific example below. According to the following extract from Section 8.0 in TS 36.213, a UE in FDD LTE‑M that has finished receiving MPDCCH in subframe  starts transmitting PUSCH in subframe .

“A BL/CE UE shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B scheduling PUSCH intended for the UE, perform a corresponding PUSCH transmission in subframe(s) n+ki if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] with i = 0, 1, …, N-1 according to the MPDCCH, where 
· subframe n is the last subframe in which the MPDCCH is transmitted; 
· and x ≤ k0 < k1 <…, kN-1 [omitted]
· for FDD, x = 4;”

In a satellite system with large TA, the uplink subframe timing is shifted one RTT and thus hundreds of subframes earlier than the downlink subframe timing. In this case, the uplink subframe  occurs much earlier than the downlink reception in subframe . 
These semantic issues can be solved by introducing a nominal function that translates DL frame timing to UL frame timing at the UE. This is illustrated in Figure 1. Specifically, we can define a one-to-one mapping between DL subframe  and UL subframe 
·  is associated to the open loop timing estimate adjusted before sending random access preambles (which ideally matches the RTT). 
· The UL subframe  is the second UL subframe among the two UL subframes overlapping with the DL subframe . This is the general case where there are two UL subframes overlapping with DL subframe .
· In the corner case where the UE DL and UL subframe boundaries are perfectly aligned, the UL subframe  is the UL subframe that fully overlaps with the DL subframe .


[bookmark: _Ref7534573]Figure 1: UE DL-UL subframe timing translation
With this mapping, UE procedures can be described more clearly. Take the above extracted text for example. With the proposed one-to-one mapping, the text can be revised as follows (with the change highlighted in red font):
“A BL/CE UE shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B scheduling PUSCH intended for the UE, perform a corresponding PUSCH transmission in subframe(s) n+ki f(n)+ki if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] with i = 0, 1, …, N-1 according to the MPDCCH, where 
· subframe n is the last subframe in which the MPDCCH is transmitted; 
· and x≤k0<k1<…,kN-1 [omitted]
· for FDD, x = 4;”

2.2	NB-IoT
The following agreement was made at RAN1#104-e.  
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


Similar to the LTE-M specifications, the NB-IoT specifications generally do not distinguish whether a subframe is an uplink subframe or a downlink subframe, causing the same kind of semantic issues as in the case of LTE-M. 
A relevant example for NB-IoT is the timing between the end of a downlink reception and the start of an uplink transmission. This may correspond to the case where the UE receives a NPDCCH that schedules a NPUSCH F1 transmission, or the case where a UE receives a NPDSCH transmission and acknowledges it using a NPUSCH F2 transmission. In TS 36.213, section 16.5, the NPDCCH to NPUSCH F1 timing relation is e.g. expressed as:
“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, at the end of n+k0 DL subframe, a corresponding NPUSCH transmission.”
The semantic issues can be addressed using the same method as proposed in Section 2.1 for LTE-M. The above specification text example can be revised as follows (with the change highlighted in red font):
“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, at the end of n+k0 DL f(n)+ k0 UL subframe, a corresponding NPUSCH transmission.”
3	Impact of half-duplex operation
The following agreement was made at RAN1#104-e.  
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.

Note that the main implication of HD-FDD operation is on network scheduling, which will need to respect the restriction that the HD UE cannot transmit and receive simultaneously.
To facilitate the network respecting the HD constraint, one option is to request the UE to report TA. But the TA is time varying, especially in LEO NTN. Reporting TA would cause much signaling overhead, which also has impact on IoT UE power consumption and thus battery life.
[bookmark: _Toc68276575]Evaluate the impact of frequent UE TA reporting on IoT UE power consumption.
4	Impact of GNSS measurements
The following agreement was made at RAN1#104-e.  
[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

Note that how to perform GNSS measurements for time and frequency synchronization and the achievable accuracy are being discussed under A.I. 8.15.2 on Enhancements to time and frequency synchronization. So, the impact of GNSS measurements on timing relationships can be treated later, i.e., until the design in A.I. 8.15.2 becomes clear.
[bookmark: _Toc68276573]Discussion on impact of GNSS measurements on timing relationships highly depends on the discussion in A.I. 8.15. It is not necessary to study the impact of GNSS measurements on timing relationships until material progress is achieved in A.I. 8.15.2.
[bookmark: _Toc68276576]RAN1 to postpone the discussion on impact of GNSS measurements on timing relationships until sufficient progress is made in A.I. 8.15.2.
Conclusion
In the previous sections we made the following observations: 
Observation 1	It is not clear whether the various timing relationships in eMTC and NB-IoT take into account timing advance (TA).
Observation 2	Discussion on impact of GNSS measurements on timing relationships highly depends on the discussion in A.I. 8.15. It is not necessary to study the impact of GNSS measurements on timing relationships until material progress is achieved in A.I. 8.15.2.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to first discuss existing eMTC and NB-IoT timing relationships to reach a common understanding, before discussing any potential required adjustment(s) within the context of NTN.
Proposal 2	Evaluate the impact of frequent UE TA reporting on IoT UE power consumption.
Proposal 3	RAN1 to postpone the discussion on impact of GNSS measurements on timing relationships until sufficient progress is made in A.I. 8.15.2.
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