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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”. From a RAN1 perspective, TUs have been allocated starting from April 2019 to November 2019.
This contribution focuses on the issue of timing alignment and uplink scheduling. Due to larger propagation delays in NTN (with RTT up to 0.544s in the GEO case) modifications of current mechanisms are required. 
2. Timing alignment and scheduling in 5G NR
Timing alignment mechanism is described in [2]. During the initial access procedure, timing advance is estimated by the gNB and transmitted in RAR message. The maximum TA  value is equal to 3846*16*64/ , or [2,1,0.5,0.25,0.125]ms for µ = [0,1,2,3,4], respectively. These values are much smaller than propagation delays in both LEO and GEO cases.

Uplink scheduling is described in Section 10.3 of [3] and uplink resource allocation in Section 6.1.2 of [4]. The slot where the UE shall transmit on PUSCH is given by following formula:


where n is the slot with the scheduling DCI.
The value of  is either defined by the TimeDomainAllocationList parameter provided in pusch-ConfigCommon with maximum value  or defined by a default allocation table with maximum value j+3 with j depending on numerology as follows:

	
	j

	0
	1

	1
	1

	2
	2

	3
	3



In both cases, the maximum uplink scheduling corresponds to a shorter time than propagation delays in NTN.
3. Timing alignment and scheduling in 5G NR
Timing alignment and scheduling mechanisms could be applied for NTN by extending the maximum TA and uplink scheduling commands. This approach is suboptimal, as the TA and DCI will always incorporate a minimum delay corresponding to the shortest distance between the earth and the satellite. There is however no need to transmit this constant delay to the UE, as it is known by the gNB as illustrated in the next sections for the TDD and FDD cases.

For the sake of clarity, these mechanisms are shown considering one UE at the closest edge of the beam[footnoteRef:1] (UE1) with propagation distance d1/c corresponding to the common propagation delay (CD) and one UE (UE2) at the farthest beam edge with propagation distance d1+d2, d2/c being therefore the maximum differential delay (MDD). [1:   We assume here a satellite beam providing SSB signalling] 






3.1 FDD case

In the FDD case, the downlink and uplink frames do not need to be time aligned. The TA value is equal to 0 for UE1 while the TA value for UE2 is equal to 2 times MDD to align the uplink frames from UE1 and UE2.
[image: ]
As illustrated below, the scheduling command is only valid in the UE time referential since the uplink frame arrives to the gNB with an additional delay corresponding to 2 CD. 

[image: ]
Proposal 1: In the FDD case, TA shall only compensate for the differential delay. This assumes the gNB is able to cope with different time reference for respectively downlink and uplink 
3.2 TDD case
3.2.1 GEO satellite or LEO constellation with moving beams on earth
[bookmark: _GoBack]For the TDD case, we assume a regular DL/UL pattern, typically with the length of a slot. The “S” period is a guard period, typically a few number of symbols that are not allocated either to the DL or the UL between a DL to UL transition. If one makes the assumption that UEs cannot demodulate a DL symbol while transmitting in UL, this mechanism become necessary for UEs which need to apply TA values and are scheduled in the first UL symbols of the pattern.


For TDD operations, setting the TA of UE1 to zero may lead to an uplink/downlink synchronization issue as two times the propagation delay is generally not a multiple of the TDD pattern.
[image: ]
Two options are possible:
· The TA advance compensates for the entire propagation delay, similarly to terrestrial networks. This approach seems only viable for LEO constellations
· The TA advance compensates for differential delay and the remainder of the division of two times the propagation delay by the TDD pattern length as illustrated in the following figure This approach can be considered for both LEO with moving beams[footnoteRef:2] on earth and GEO [2:  We assume here a satellite beam providing SSB signalling ] 

[image: ]


 The length of the TDD regular pattern shall be carefully chosen:
· The remainder of the division of two times the propagation delay by the TDD pattern duration shall be minimized
The duration of the “S”period shall be small compared to the TDD regular pattern. This means that the TDD regular pattern is at least larger than the maximum differential delay.
Note also that if the TA maximum value is extended, extension of the uplink scheduling command may also be needed to allow enough UE processing time.
Proposal 2: In the TDD case for GEO or LEO with moving beams on earth, TA shall at least compensate for the differential delay and the remainder of the division of two times the propagation delay by the TDD pattern length. Extension of the uplink scheduling command may also be required to allow enough UE processing time

Observation 1: The TDD pattern duration shall be carefully chosen to reduce the impact of the “S” period
3.2.2 LEO constellation with earth-fixed beams

In case of a LEO constellation with earth-fixed beams, two options can also be considered:
· TA compensates for the entire propagation delay
· TA compensates for differential delay and the remainder of the division of two times the propagation delay by the TDD pattern duration
In the latter case however, as the distance between the satellite and the beam centre varies with time, the TDD pattern duration shall also be time-varying to best fit to the current propagation time.  
Observation 2: In LEO constellation with earth-fixed beams, a variable TDD pattern duration shall be considered if TA does not compensate the entire propagation delay
4. Conclusion
Proposal 1: In the FDD case, TA shall only compensate for the maximum differential delay in a satellite beam providing SSB signalling. This assumes the gNB is able to cope with different time reference for respectively downlink and uplink 

Proposal 2: In the TDD case, TA shall compensate for the maximum differential delay and the remainder of the division of the common delay (min propagation delay in a satellite beam) by the TDD pattern duration. This may also require to extend the uplink scheduling delay to allow enough UE processing time

Observation 1: The TDD pattern duration shall be carefully chosen to reduce the impact of the “S” period
Observation 2: In LEO constellation with earth-fixed beams, a variable TDD pattern duration shall be considered if TA does not compensate for the entire propagation delay
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