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[bookmark: OLE_LINK11][bookmark: OLE_LINK5]A new SI on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 plenary. RAN1 needs to identify the potential impacts and related solutions on physical layer. The target work was approved in RAN #80 as follows [1].

Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· 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.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In this contribution we discuss the main challenges of random access procedures related RAN1 issues for NTN.
Discussion 
Current random access procedure for NR
In current NR standardization, both contention-based and contention-free random access are supported for different purposes such as initial access, RRC re-establishment, out-of-sync and handover, etc.  For contention based random access, there are four steps: preamble transmission, random access response (RAR) reception, message3 transmission and message4 reception. For the contention free random access, UE only needs to perform preamble transmission and RAR reception. Besides, when a UE is not synchronized with NR downlink, it needs to perform downlink time and frequency synchronization with SSB and RS/CP at first before preamble transmission. 
Random access procedure for NTN
Downlink synchronization
In NTN, UE has to perform downlink synchronization before it transmit preamble in random access procedure in some cases, similar as in terrestrial networks. For LEO satellite, the fast moving speed leads to much higher Doppler shift up to 40kHz and 700kHz in 2Ghz and 30Ghz, respectively. This may cause the frequency synchronization error exceeds the robustness requirement. 
In [2], it is proposed that the very high Doppler shift can be pre-compensated by the LEO satellite in the initial downlink synchronization phase. However, for cell based transmission, different UE in different location may face different Doppler shift. Therefore, Doppler shift pre-compensation is usually UE-specific. When UE performs initial downlink synchronization, the satellite has no UE location information. Transmitter side only can compensate a common Doppler shift and a residual Doppler shift will still impact the synchronization performance. For satellite communication system, the maximum Doppler shift difference among UE is determined by the satellite moving speed and altitude, and the beam width. For LEO with low altitude, high speed and several hundreds kilometer beam foot print size, it should be further evaluated whether transmitter side Doppler pre-compensation is able to achieve enough synchronization accuracy for all the candidate carrier frequency. If the frequency error robustness requirement can not be satisfied, some limitations on the combinations on carrier frequency, satellite altitude and beam width may be set.

Random access procedures
The long propagation delay especially for GEO/MEO is the main challenge for NTN random access procedure begins with UE preamble transmission. For GEO/MEO this propagation delay is up to hundreds of ms, while the propagation delay in terrestrial network is only up to tens of us. With current NR RA mechanism, the required time resource for random access will be significantly increased to provide sufficient long GP to cover the propagation delay. Similarly, the RAR window size is also enlarged, which may result in unnecessary power consumption at UE side. For contention-based RA, the transmission of MSG3 and MSG4 further increases the access delay. To address this problem, two schemes can be further discussed.
Option1: The first one is to inform the UE of the common propagation delay in system information. Common propagation delay can be defined as the minimum propagation delay across the entire cell. The GP and RAR window size only have to cover the maximum differential delay with the knowledge of common propagation delay. The corresponding duration can be reduced from at most hundreds of ms to several or more than 10 ms, depends on the radius of the cell and the trajectory height of the satellite. This duration is still about tens or hundreds times of that of the terrestrial networks. This will lead to low spectrum efficiency for random access. Considering the larger cell size for LEO and GEO, and the much more frequent random access due to handover in LEO, whether the capacity for random access is sufficient should be studied. Another concern in RAN1 is about whether current PRACH sequence/format is able to support such big differential delay. Basically, current TA range support about 200kms cell radius. However, the network may provide sufficient guard period for NTN random access resource by not scheduling any uplink transmission for a certain times. The network may use a sliding correlation window to detect the transmitted preambles. The detection performance will suffer some performance degradation. The key issue is to further evaluate the detection performance is acceptable or not for current preamble formats. If not, new PRACH format may be further studied starting with simple repetition of RA sequence.
Option 2: The second option is that the UE automatically calculate its rough TA with the satellite geo-location and its own location information. UE can pre-compensate most propagation delay and the residual delay can be covered by the current random access formats and signaling. The satellite geo-location can be broadcasted in system information and the UE location can be obtained through GNSS such as GPS. However, this solution is based on UE’s GNSS capability. Whether GNSS capability is mandatory for NTN UE should be further studied and carefully determined. For some use cases, low-cost UE is much more favored. Since both solutions have advantages and disadvantages, the detailed comparison of the above two solutions and other new solutions needs further investigation.
Conclusions
In this contribution, the main problems of random access in NTN is considered. Downlink synchronization performance with current NR synchronization signals should be evaluated and discussed. NTN random access procedures mainly faces the challenge of extremely long propagation delay and the corresponding two candidate solutions need further comparison and investigation.
References
1. [bookmark: _Ref524782935][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: _Ref524783166]RP-181370, Study on solutions evaluation for NR to support Non-Terrestrial Network, RAN#80.
1. TR 38.811 v15.0.0 on Study on NR to support non-terrestrial networks, 3GPP RAN#80, La Jolla, CA, USA.
