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1. Introduction
At the 3GPP TSG RAN meeting #86 new study item (SI) on NB-IoT/eMTC support for Non-Terrestrial Network (NTN) was approved in [1]. This SI aims to evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC NTN. One of the objectives which is related to RAN1 is 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 [2] including 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
In this contribution enhancements to timing relationship for NB-IoT/eMTC to support NTN are discussed. 
2. Discussion
At the last RAN1 meeting the following agreements on timing relationships were made for NB-IoT and eMTC [3].
	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: 
· [bookmark: _Hlk68607892]NPDCCH to NPUSCH format 1 
· [bookmark: _Hlk68607941]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


In order to understand whether specification enhancements for timing relationships are needed study of the existing LTE specification is requiered. The definition of UL-DL timing for LTE is provided in TS 36.211 [4] (captured below).
	





Transmission of the uplink radio frame number  from the UE shall start  seconds before the start of the corresponding downlink radio frame at the UE, where  if the UE is configured with a SCG and  otherwise. For frame structure type 1  and for frame structure type 2  unless stated otherwise in [4]. Note that not all slots in a radio frame may be transmitted. One example hereof is TDD, where only a subset of the slots in a radio frame is transmitted.



Figure 8.1-1: Uplink-downlink timing relation


According to the specification TS 36.213 [5], the timing relationships for NPDCCH to NPUSCH format 1 for NB-IoT are defined as follows. 
	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, adjust, at the end of n+k0 DL subframe, the corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots ni with i = 0, 1, …, N-1 according to the NPDCCH information where
-	subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and




-	, where the value of is determined by the repetition number field in the corresponding DCI (see subclause 16.5.1.1), the value of is determined by the resource assignment field in the corresponding DCI (see subclause 16.5.1.1), and the value of  is the number of NB-IoT UL slots of the resource unit (defined in clause 10.1.2.3 of [3]) corresponding to the allocated number of subcarriers (as determined in subclause 16.5.1.1) in the corresponding DCI, 
-	n0 is the first NB-IoT UL slot starting after the end of subframe n+k0

-	value of k0 is determined by the scheduling delay field () in the corresponding DCI according to Table 16.5.1-1. 


From the above specification text it is clear that the UE is required to start NPUSCH format 1 transmission in the first NB-IoT UL slot starting after the end of DL subframe n+k0, where n is the last DL subframe of the NPDCCH transmission, k0 is subframe offset. Thus, the UL transmission at the UE always happens after the corresponding NPDCCH, i.e. non-causal UE behavior is avoided in the current specification for NB-IoT. However, since the autonomous TA is UE-specific and may be not available at the gNB, specification enhancements are needed for the NB-IoT timing relationships. 
Observation 1: 
· Specification enhancements are needed for NB-IoT timing relationships
According to the specification TS 36.213 [5], the timing relationships for MPDCCH to PUSCH for eMTC are defined as follows.
	A BL/CE UE shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B intended for the UE, adjust the corresponding PUSCH transmission in subframe(s) n+ki 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 and the value of [image: ] is determined by the repetition number field in the corresponding DCI, where [image: ]are given in Table 8-2b and Table 8-2c; and
-	in case N>1, subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) starting with subframe n+x, and in case N=1, k0=x; 
-	for FDD, x = 4; 
…


According to the above text, PUSCH is transmitted starting from UL subframe n+x, where n is last subframe of MPDCCH, x is subframe offset. Thus, if the TA is larger than x subframes non-causal PUSCH transmission is expected (i.e. PUSCH transmission is before UL grant). In order to avoid non-causal UE behaviour specification enhancements are needed for timing relationships for eMTC. 
Observation 2: 
· Specification enhancements are needed for eMTC timing relationships
In order to reduce UE complexity and UE cost NB-IoT and eMTC devices support half-duplex FDD mode. In such mode simultaneous transmission and reception is not possible as it is done in normal FDD operation. It is assumed that in order to achieve time synchronisation for UL transmission UE applies additional TA to compensate delay introduced in the service link. The value of additional TA is calculated at the UE side autonomously based on GNSS information and satellite ephemeris. If the value of the additional delay is not known by the gNB, UL transmission can collide with DL reception at the UE side. Hence, reporting of additional TA applied by the UE to compensate service link delay should be supported. 
Proposal 1: 
· Reporting of additional TA applied by the UE to compensate service link delay calculated based on GNSS information and satellite ephemeris is necessary to enable half-duplex FDD operation
At the last RAN1 meeting the following agreement was made. 
	[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 our view it is not necessary to consider the GNSS measurements for timing relationships specified in RAN1. It can be assumed that the UE performs GNSS measurements in time gaps without any impact on the timing relationships. For example, UE can perform the GNSS measurements before initial access. Assuming that typically NB-IoT and eMTC remain active for a short period of time and UE velocity is up to 120 km/h, GNSS measurements before initial access should be enough to maintain UL synchronization. 
Proposal 2:
· It is assumed in RAN1 that there is no impact on timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization
3. Conclusion
In this contribution aspects related to timing relationship enhancements for NB-IoT/eMTC NTN were discussed. The following proposals and observations are made.
Observation 1: 
· Specification enhancements are needed for NB-IoT timing relationships
Observation 2: 
· Specification enhancements are needed for eMTC timing relationships
Proposal 1: 
· Reporting of additional TA applied by the UE to compensate service link delay calculated based on GNSS information and satellite ephemeris is necessary to enable half-duplex FDD operation
Proposal 2:
· It is assumed in RAN1 that there is no impact on timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization
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