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1 Introduction
This TP is aim to update the latest TR 38.821 by capturing all of the agreements with corresponding analysis and simulation results. Hence this TP supersedes the current existing text in clause 6.3 of latest TR 38.821 v0.9.0 [R3-196330].
2 Text proposal
--------------------------------------------------------- Start of TP --------------------------------------------------------
6.3 Uplink timing advance/RACH procedure 
6.3.1
General 
The following aspects have been studied based on NR Rel-15/16 design:

1. DL synchronization via SSB

2. Random access via PRACH 

3. Maintenance for UL timing advance and frequency synchronization

The evaluations and analysis are conducted considering on characteristics of satellite communication systems, e.g., possibly large cell coverage and high Doppler. Meanwhile, the impacts due to some typical implementations in existing satellite systems, e.g., partial frequency pre-compensation for DL and timing post-compensation at satellite network side, are also taken into account. According to the corresponding results, solutions and conclusions along with some observations are presented.

6.3.2
DL synchronization 

According to the simulation assumptions in [Table 6.1.2-1], the performance evaluation on the DL synchronization performance is conducted. The corresponding results from [R1-1908049, R1-1908591, R1-1909107, R1-1909400, R1-1910064] are summarized in [R1-1909479, R1-1911284]. It’s observed that for DL initial synchronization, robust performance can be provided by the SSB design in Rel-15 in case of GEO and LEO with beam specific pre-compensation of common frequency shift, e.g., conducted with respect to the spot beam center at network side, respectively. 
However, for the LEO without pre-compensation of the frequency offset, additional complexity is needed at UE receiver to achieve robust DL initial synchronization performance based on Rel-15 SSB.  No further enhancement on the SSB is needed.
Additionally, w.r.t the performance on the DL timing/frequency tracking, no issues have been identified based on Rel-15/16 NR design. Potential optimization can be further considered in potential normative phase if necessary.

6.3.3
Random access

According to the simulation assumptions in [Table 6.1.2-2], the performance of Rel-15 PRACH design is verified in several typical scenarios for NTN as listed in [Table 6.1.2-3].

Based on the results summarized in [R1-1911284, R1-1913312], it’s observed that with assumption on pre-compensation of timing and frequency offset (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available) at UE side for UL transmission, existing Rel-15 PRACH formats and preamble sequences can be reused. The necessity of additional enhancements, e.g., repetitions and/or larger sub-carrier spacing, to ensure UL coverage can be further discussed in the normative work.
However, in case pre-compensation of timing and frequency offset is not performed at UE side for UL transmission, enhanced PRACH formats and/or preamble sequences should be supported with following options:
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number. Additional usage of CP and Ncs can be further determined in normative work [R1-1913017, R1-1912903, R1-1912212, R1-1912612].

· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots [R1-1912612, R1-1912725, R1-1912956]

· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding [R1-1912124, R1-1913017]

· Option-4: A single Zadoff-Chu sequence with combination of scrambling sequence [R1-1911860, R1-1912165, R1-1913017]

Further discussions to down select these candidates are needed in the normative work.

6.3.4
Maintenance for UL timing advance and frequency synchronization

With consideration on the larger cell coverage, long round trip time (RTT) and high Doppler, enhancements are considered to ensure the performance for timing and frequency synchronization for UL transmission. 
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Figure 6.3.4-1: Illustration of the TA components in NTN (For simplicity, TA offset [image: image3.png]Nra offset



 is not plotted.)

For the timing advance (TA) in the initial access and the subsequent TA maintenance, the following solutions are identified with an illustration of the definition of terminology given in Figure 6.3.4-1:
· Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris. 
In this way, the required TA value for UL transmission including PRACH can be calculated by the UE. The corresponding adjustment can be done, either with UE-specific differential TA or full TA (consisting of UE specific differential TA and common TA).  

W.r.t the full TA compensation at the UE side, both the alignment on the UL timing among UEs and DL and UL frame timing at network side can be achieved. However, in case of satellite with transparent payload, further discussion on how to handle the impact introduced by feeder link will be conducted in normative work. Additional needs for the network to manage the timing offset between the DL and UL frame timing can be considered, if impacts introduced by feeder link is not compensated by UE in corresponding compensation.
W.r.t the UE specific differential TA only, additional indication on a single reference point should be signaled to UEs per beam/cell for achieving the UL timing alignment among UEs within the coverage of the same beam/cell. Timing offset between DL and UL frame timing at the network side should also be managed by the network regardless of the satellite payload type.

With concern on the accuracy on the self-calculated TA value at the UE side, additional TA signaling from network to UE for TA refinement, e.g., during initial access and/or TA maintenance, can be determined in the normative work.

· Option 2: Timing advanced adjustment based on network indication

In this way, the common TA, which refers to the common component of propagation delay shared by all UEs within the coverage of same satellite beam/cell, is broadcasted by the network per satellite beam/cell. The calculation of this common TA is conducted by the network with assumption on at least a single reference point per satellite beam/cell.

The indication for UE-specific differential TA from network as the Rel-15 TA mechanism is also needed. For satisfying the larger coverage of NTN, extension of value range for TA indication in RAR, either explicitly or implicitly, is identified. Whether to support negative TA value in corresponding indication will be determined in the normative phase. 

Moreover, indication of timing drift rate, from the network to UE, is also supported to enable the TA adjustment at UE side.

For calculation of common TA in the above two options, single reference point per beam is considered as the baseline. Whether and how to support the multiple reference points can be further discussed in the normative work.

For the UL frequency compensation, at least for LEO system, the following solutions are identified with consideration on the beam specific post-compensation of common frequency offset at the network side:

· Option-1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
· Option-2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals, e.g., preamble.
Indication of compensated frequency offset values by the network is also supported in case that compensation of the frequency offset is conducted by the network in the uplink and/or the downlink respectively. However, indication of Doppler drift rate is not necessary. 

The detailed signaling design for the above enhancements will be determined in the normative work. 
--------------------------------------------------------- End of TP --------------------------------------------------------
Reference
3

[image: image4.png]"--Reference Point -

+  Common TA (Tcom) = 2*Do/c +  Common TA (Tcom) = 2*(Do1+ D02)/c
*  UE specific differential TA for xth UE (TUEx) = 2*(D1x-D0)/c *  UE specific differential TA for xth UE (TUEx) = 2*(D1x-Do1)/c
*  Full TA (Tfull) = Tcom + TUEx *  Full TA (Tfull) = Tcom + TUEx
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