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Introduction
In RAN meeting #82, the study item on non-terrestrial Networks (NTN) was updated priority of study [1]. Specifically:
· The focus of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios.
· The scope of the release 16 study item will be limited to key issues and solutions associated with transparent GEO satellite and LEO based non-terrestrial access network (moving beam on earth).

On physical layer, three identified objectives are [1]:
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

In this contribution, we discuss some aspects in RACH and UL timing control for NTN
[bookmark: _Ref473802466][bookmark: _Ref462669569]RACH 
PRACH format design is determined by two factors, the maximal latency difference and the maximal frequency offset. The round-trip delay (RTD) can be more than 500 ms and 30 ms for bent-pipe GEO and LEO at 1500 km altitude, respectively. On the other hand, differential RTD is typically less than 4 ms for beam footprint diameter 500 km. Likewise, the differential Doppler shifts can be much smaller than the absolute Doppler shifts within a satellite beam.
Hence it is necessary to consider only the differential RTD and Doppler, which can be achieved by broadcasting the RTD and Doppler seen at the center of the beam.
[bookmark: _Hlk4359137]Proposal 1: For NTN operations that don’t require UE’s knowledge of geolocation, support periodically broadcasting of the round-trip delay and the Doppler frequency seen at the beam center,

Table 1 below list the maximal differential round-trip delay (RTD) and the maximal differential Doppler among devices in a beam in several LEO and MEO deployment scenarios.

Table 1. Maximal differential RTD and Doppler: Beam X is the nadir beam and beam Y has a minimal elevation angle of 10o.
	
	SAT Altitude (km)
	Beam Footprint Diameter (km)
	Beam
	Max RTD Spread (us)
	Max Doppler Spread 
(+/- kHz)

	LEO
	600
	100
	Y
	655.5
	1.7

	
	
	
	X
	15.2
	62.8

	
	
	500
	Y
	3232.9
	16.3

	
	
	
	X
	363.6
	289.0

	
	1500
	100
	Y
	655.7
	1.1

	
	
	
	X
	6.9
	23.7

	
	
	500
	Y
	3247.0
	8.6

	
	
	
	X
	170.2
	116.7

	MEO
	7000
	100
	Y
	656.0
	0.4

	
	
	
	X
	2.5
	3.9

	
	
	500
	Y
	3255.2
	2.8

	
	
	
	X
	62.5
	19.5

	
	20000
	100
	Y
	656.0
	0.1

	
	
	
	X
	1.7
	1.0

	
	
	500
	Y
	3257.3
	0.9

	
	
	
	X
	43.1
	4.9



From the above, the following can be observed 
· Nadir beams have the largest differential Doppler shifts and the exact value depends on the beam footprint and orbit altitude. The lower the orbit altitude and the larger the footprint of a nadir beam, the larger the differential Doppler.
· Beams with the smallest elevation angle have the largest differential RTDs. The smaller the elevation angle and the larger the beam footprint, the larger the differential RTD.

In addition, we can see that in some scenarios the product of the maximal differential RTD and the maximal differential Doppler of a beam is greater than 1. Although NR PRACH design supports the detection of a frequency offset larger than the subcarrier spacing, it is at the cost of restriction on cyclic shifts or equivalently maximal detectible delay. The above observation indicates that NR PRACH design principle does not apply to all deployment scenarios. 
Proposal 2: At least for deployment scenarios with the product of the maximal differential RTD and the maximal differential Doppler of a beam greater than x (x<1 and FFS), knowledge of geolocation at UEs are assumed.
Since different beams of a satellite can have largely different differential RTD and differential Doppler, different PRACH formats are needed. 
Proposal 3: For NTN, support PRACH format configuration per beam.
Resource allocation for PRACH occasions must support different satellite implementations. For some satellite implementations, there could be a fixed mapping between a satellite beam and BWP and frequency retuning of a beam can be difficult. In some other cases, frequency of a satellite beam can be readily tunable. Different implementations may require different allocations of PRACH frequency resource. 
In the figure 1, several example configurations of PRACH occasions among beams are illustrated assuming a fixed mapping between beams and BWPs. These configurations are:
· PRACH occasions of a beam reside in the corresponding BWP of the beam.
· PRACH occasions all multiplexed in a specific frequency region that may or may not overlap with any BWPs.
· PRACH occasions of two neighbouring BWPs may reside in an overlapping region of the two BWPs.


Figure 1. Example of PRACH occasion configurations with respect to beam BWP.
From the above discussion, we have the following proposal.
Proposal 4: Support more flexible and beam-specific configuration of PRACH occasions. 

UL Timing Control
In NTN, the RTD experienced by a UE can vary as much as 40 s/s due to the high speed of LEO and MEO satellites. The timing control command of NR has a maximal range of 2.1 s for 120 kHz and 1.04 s for 240 Hz. If only closed-loop timing control is used, a large number of timing control commands need to be sent per second.  Increasing the size of MAC-CE timing control command alone does not solve the problem: Assuming a one-way delay of 20 ms, a timing control command sent by the Network that is accurate at the time of its transmission can be off by 0.8 s at the time of its arrival, which is larger than the CP duration for 120 kHz SCS, 0.69 s. 
Observation 1: NR closed-loop timing control mechanism is not sufficient for NTN.
To solve the UL timing problem, open-loop UL timing control must be required.
[bookmark: _Hlk4619854]Proposal 5: In NTN, UE autonomous open-loop timing control is required.
Both the closed- and open-loop timing controls are needed. Note that even for UEs with GPS, there may still be an uncertainty on the delay variation between the satellite and gateway.   When both timing control mechanisms work together, A UE determines its timing offset for target time t(n+1) based on timing offset for target timing t(n) as
         		(1)
where T(n) and T(n+1) are the timing offset for target timing t(n) and t(n+1), respectively; Do and Dc are the timing adjustment based on the open and closed-loop, respectively. 
To apply the open-loop timing control, UEs need to predict the UL timing. Depending on if geo-location information is available to a UE, different ways can be applied.
· For UEs with GPS, based on the ephemeris information broadcasted by the satellite, RTD variation at any given time can be estimated. As such, these UEs can predict the timing change and apply in the UL transmission accordingly.

· For UEs without GPS, it can estimate the RTD variation rate of the beam center. Although the RTD of a UE at the edge of a beam can largely differ from that of the beam center, the variation rates seen by the two UEs are close. To allow UEs without GPS to estimate the RTD variation rate, the velocity of the satellite on the direction of  the beam center to satellite, v*cos() in Figure 2, needs to be broadcasted to UEs. This is equivalent to the broadcasting of the Doppler shifts of the beam center as in Proposal 1. Based on the timing variation rate,  2*v*cos()/c, a UE determines its open-loop timing adjustment between time t(n) to t(n+1) as

    (2)



[image: ]
Figure 2. Satellite velocity seen at the beam center.

In Figure 3, the actual timing with the closed- and open-loop UL timing control mechanisms together is compared with the ideal timing.
[image: ]
Figure 3 Example UL timing with both open- and closed-loop Ul timing control: two UL timing control commands from networks causing two suddenly larger timing change.

Depending on the beam footprint, the residual timing change rate can be still large enough so that periodic timing control commands needs to be sent to many UEs. From the above discussion we have the following proposals.
Proposal 7: Consider group-common DCI for UL timing control in NTN.

Conclusions
We discussed RACH related issues and UL timing control for NTN. On RACH, we have the following proposals:
Proposal 1: For NTN operations that don’t require UE’s knowledge of geolocation, support periodically broadcasting of the round-trip delay and the Doppler frequency seen at the beam center,
Proposal 2: At least for deployment scenarios with the product of the maximal differential RTD and the maximal differential Doppler of a beam greater than x (x<1 and FFS), knowledge of geolocation at UEs are assumed.
Proposal 3: For NTN, support PRACH format configuration per beam.
Proposal 4: Support more flexible and beam-specific configuration of PRACH occasions. 
On UL timing control, we have the following observation and proposals:
Observation 1: NR closed-loop timing control mechanism is not sufficient for NTN.
Proposal 5: In NTN, UE autonomous open-loop timing control is required.
[bookmark: _GoBack]Proposal 7: Consider group-common DCI for UL timing control in NTN.
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