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Introduction
This contribution discusses timing pre-compensation and modifications to the start of the ra-ContentionResolutionTimer and ra-ResponseWindow based on the following objects listed in the Rel-17 NTN WID [1]:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
It is proposed that a UE-specific offset is applied to the start of the ra-ResponseWindow and ra-ContentionResolutionTimer based on calculation of propagation delay using UE and satellite location.
Discussion
ra-ResponseWindow and ra-ContentionResolutionTimer Offset
In terrestrial networks it is assumed that cell size is much smaller relative to those in NTN, leading to a propagation delay up to several orders of magnitude higher. As current Rel-16 RACH timing relationships assume propagation delay on the order of several ms, modification is required for NTN. As identified in 7.2.1.1.1.2 of TR 38.821 [2], two such timing relationships identified for modification are the ra-ResponseWindow and ra-ContentionResolutionTimer.
The ra-ResponseWindow configured in RACH-ConfigCommon starts at the first PDCCH occasion from the end of the Random Access Preamble transmission (unless for CFRA for BFR) [3], and has a duration based on number of slots. The network configures a value lower than or equal to 10 ms when Msg2 is transmitted in licensed spectrum, and 40 ms when Msg2 is transmitted with shared spectrum channel access [4]. However, as the soonest possible reception time in NTN is 2 times the minimum round trip delay, under current timing relationships the UE may attempt multiple preamble transmissions before the gNB is able to provide the RA response message (i.e. Msg2) as shown in Figure 1. Current behaviour will therefore lead to unnecessary UL preamble transmission and possible RACH failure due to unnecessary increments of the preamble transmission counter.
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Figure 1: Example of current ra-ContentionResolutionTImer behaviour applied to an NTN environment.
A similar issue has been identified for the ra-ContentionResolutionTimer, which is started after transmission of Msg3 and has duration of up to 64 ms, which under certain satellite configurations such as GEO transparent is less than 2 times the minimum propagation delay.  To prevent premature timer expiry, unnecessary UL preamble transmission, unnecessary power consumption due to extended monitoring durations, and possible RACH failure, an offset should be applied to the beginning of the ra-ResponseWindow and ra-ContentionResolutionTimer in NTN.
Proposal 1: 	An offset to the start of ra-ResponseWindow and ra-ContentionResolutionTimer is introduced for NTN UEs in both LEO and GEO scenarios.
Calculation of Timer Offsets
To calculate the offset for both ra-ResponseWindow and ra-ContentionResolutionTimer, several solutions have been captured in TR 38.821:
1. Via explicit signaling from the network, such as broadcasting a common offset/TA, for example equivalent to the minimum propagation delay from the gNB to the center of the cell.
2. [bookmark: _GoBack]For UEs with location information, can calculate the distance and propagation delay to the satellite and apply an appropriate offset;
Option 1: Signalling of Common offset
In the Rel-17 NTN WI, it is assumed that a transparent or “bent-pipe” configuration will be deployed, where the gNB is located on the ground and a satellite relays signalling between the gNB and the UE. This configuration is comprised of two portions of propagation delay: that associated with the connection between the gNB and satellite, defined as the “feeder-link” and that between the UE and satellite. The feeder-link delay component is common to all UEs served by the cell, whereas the delay between the UE and satellite can be further broken down into two components:
· a common delay, representing the minimum delay from the satellite to the ground (i.e. the propagation delay between the satellite and a reference point such as the cell centre) and;
·  a UE specific delay, based on the UE-specific distance to the reference point.
By signalling the delay common to all UEs within the cell (i.e. the feeder-link delay and delay from satellite to the reference point for example, via broadcast in system information), all UEs within the cell will be able to compensate for a majority of the propagation delay, with the residual error being the UE-specific delay proportional to the distance from the UE to the reference point. This solution may provide a suitable offset to the ra-ResponseWindow and ra-ContetionResolutionTimer for NTN cells with a relatively small diameter (e.g. several hundred km) to allow for reception of RAR and Msg4 before timer expiry.
However, as there is still uncertainty in the exact UE-specific offset, the UE may be still required to monitor for a period before message reception is possible, leading to unnecessary power consumption. As well, for large cell sizes with differential delay on the order of 20 ms, unless the ra-ResponseWindow is extended there is still a possibility of expiry for UEs located near cell edge.
Observation 1: 	Due to uncertainty in UE-specific propagation delay, UEs located near cell edge will still start timers prior to possibility of Msg2 or Msg4 reception even after applying a common offset, leading to unnecessary power consumption.
Observation 2: 	Lack of UE-specific timing compensation may be unsuitable for large cells due to differential delay exceeding the maximum value of ra-ResponseWindow.
Option 2: Explicit calculation of offset
From the WID it is assumed that all Rel-17 NTN-capable UEs have GNSS capability. Additionally, the UE will have knowledge of satellite-specific characteristics such as location, direction of movement, and speed via ephemeris data updated periodically in system information.
Observation 3: 	Rel-17 NTN-capable UEs are assumed to have GNSS support and knowledge of satellite location via ephemeris data periodically broadcast in SI.
Using UE location (obtained via GNSS capability) and satellite location (via ephemeris data), the UE may calculate the propagation delay from the UE to the satellite. By adding the feeder-link delay (i.e. the satellite to gNB delay obtained, for example, along with ephemeris data in SI), the UE can determine the full UE-specific propagation delay to the gNB. The UE can then use this propagation delay calculation to apply a timing offset to the start of the ra-ResponseWindow and ra-ContentionResolutionTimer.
Proposal 2: 	UEs will estimate and apply an offset to ra-ResponseWindow and ra-ContentionResolutionTimer based on feeder-link delay and UE and satellite location.
Proposal 3: 	Propagation delay associated with the feeder-link is broadcast in system information for satellites with a transparent configuration.
Conclusion
In this contribution the following observations and proposals were made regarding pre-compensation and offset to the ra-ResponseWindow and ra-ContentionResolutionTimer:
Proposal 1: 	An offset to the start of ra-ResponseWindow and ra-ContentionResolutionTimer is introduced for NTN UEs in both LEO and GEO scenarios.
Observation 1: 	Due to uncertainty in UE-specific propagation delay, UEs located near cell edge will still start timers prior to possibility of Msg2 or Msg4 reception even after applying a common offset, leading to unnecessary power consumption.
Observation 2: 	lack of UE-specific timing compensation may be unsuitable for large cells due to differentia delayl exceeding the maximum value of ra-ResponseWindow.
Observation 3: 	Rel-17 NTN-capable UEs are assumed to have GNSS support and knowledge of satellite location via ephemeris data periodically broadcast in SI.
Proposal 2: 	UEs will estimate and apply an offset to ra-ResponseWindow and ra-ContentionResolutionTimer based on feeder-link delay and UE and satellite location.
Proposal 3: 	Propagation delay associated with the feeder-link is broadcast in system information for satellites with a transparent configuration.
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