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1. Introduction
At the RAN#80 meeting the new study item on Non Terrestrial Networks (NTN) was agreed [1], the latest study item description can be found in [2]. Objectives of the study item related to physical layer are copied below. 
	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 UL timing advance (TA) and PRACH for NTN are discussed.
2. Discussion
2.1. PRACH
At the last RAN1 meeting [3] a table with LLS parameters for PRACH performance evaluation was agreed. The table covers most of the evaluation assumptions. However, some of the evaluation assumptions for PRACH are missing including frequency offset value. Value of frequency offset for PRACH transmission is determined by the Doppler shift according to the equation provided in [4] assuming pre/post-compensation of average Doppler shift due to satellite motion at the gNB side. The table with values of maximum frequency shift for UL transmission is also provided in [4]. As it can be seen from the equation, the frequency shift of UL transmission is twice higher than Doppler shift. This is due to the fact that UE adjusts the carrier frequency to the frequency of DL synchronisation signals observed at the receiver which already contain Doppler shift. Thus, we propose to take the effect described above into consideration for PRACH.
Proposal 1: 
· Consider equation for carrier frequency shift for UL transmission and table with values of maximum frequency shift for UL transmission provided in R1-1908641 for PRACH

The PRACH signal structure includes cyclic prefix (CP), PRACH sequence with multiple repetitions (PRACH OFDM symbols) and guard period (GP). It is schematically represented in the following figure, where T_CP is time duration of the CP, T_SEQ is time duration of one PRACH sequence (PRACH OFDM symbol), T_GP is time duration of the GP, N_OS is number of repetitions of PRACH sequence. The CP for the first PRACH OFDM symbol and consecutive repetitions of the same PRACH sequence enable low complexity frequency-domain processing. Conventional PRACH receivers assume that samples within the N_OS*T_SEQ duration time window are used for processing. Since the PRACH preamble signal have periodic structure, the delay is estimated with ambiguity up to addition of integer number of T_SEQ. If the maximum differential delay within a cell is lower than T_SEQ, the ambiguity is eliminated due to prior knowledge of the maximum differential delay.


Figure 1. Schematic representation of PRACH signal structure
Differential delay for NTN can exceed duration of PRACH symbol for the supported NR PRACH sequences. The conventional receiver structure is not applicable for estimation of differential delays larger than sequence duration since it results in ambiguity of the delay estimation as described above. Hence, in order to do delay estimation without ambiguity, different receiver structure should be assumed.
Observation 1: 
· Delays up to the PRACH OFDM signal duration can be estimated by the conventional PRACH receivers without ambiguity, for larger delays different receiver structure is needed
Proposal 2: 
· Study solutions to support unambiguous estimation of delays larger than PRACH symbol duration
NR specification supports multiple PRACH formats which have different sequence length, subcarrier spacing, CP duration, GP duration and number of repetitions. Rel. 15 PRACH format design assumes that the duration of CP depends on the targeted supported differential delay, so that channel estimation can be done in frequency domain with simple receiver structure. As it was already stated above, differential delay for NTN can exceed the duration of PRACH OFDM symbol. Hence, scaling of the CP with the maximum supported differential delay is equivalent to increasing the number of repetitions. Thus, it is not clear if support of larger CP is needed for NTN. Regarding the GP duration, it is not necessary to specify GP duration which is equal to target maximum differential delay since gNB can avoid transmissions after PRACH by implementation.
Observation 2: 
· It is not necessary to scale CP and GP duration according to the target maximum differential delay supported by PRACH
2.2. Timing advance
The initial timing advance command in Random Access Response (RAR) supports maximum TA value of 2 ms for 15 kHz subcarrier spacing and it is scaled down for increased value of subcarrier spacing. The maximum one way differential delay of NTN is 1.6 ms for GEO satellite with 500 km cell size. Since starting time of PRACH transmission is based on the boundary of DL slot observed at the UE receiver, the maximum delay difference of PRACH reception from two UEs at the gNB is equal to round trip differential delay. Hence, the range of the initial TA command in RAR should be extended for NTN.
Observation 3: 
· The range of the initial TA command in RAR should be extended for NTN
Since it is not possible to transmit PUSCH before the corresponding DCI with UL grant, values of slot offset from the DCI to PUSCH K2 should be larger than the number of slots in timing advance. Furthermore, enough time should be given for the UE processing after the UL grant reception and corresponding PUSCH transmission. The possible values of slot offset K2 are configured by higher layers with range 0,1,…,32 slots. Such a large range can cover UE processing time and the TA due to differential delay in NTN. The range of slot offset K2 before the RRC configuration (for PUSCH scheduled by DCI format 0_0) is determined based on the default table for PUSCH time domain resource allocation specified in [5]. The maximum slot offset K2 in the default table is 4 slots for 15 and 30 kHz subcarrier spacing, 5 slots for 60 kHz subcarrier spacing and 6 slots for 120 kHz subcarrier spacing. Thus, slot offset K2 for default table might be not enough considering UE processing time and timing advance value for NTN. 
Observation 4:
· The range of slot offset K2 specified in the default table for PUSCH time domain resource allocation might be not enough to cover UE processing time and timing advance value for NTN
Proposal 3: 
· Study the following enhancements to support larger cell size for NTN
· Extended range of timing advance command in random access response
· Support of larger values for slot offset K2 between DCI with UL grant and the corresponding PUSCH for DCI format 0_0
3. Conclusion
In this contribution UL TA and RACH procedure for NTN are discussed. The following proposals and observations were made.
Proposal 1: 
· Consider equation for carrier frequency shift for UL transmission and table with values of maximum frequency shift for UL transmission provided in R1-1908641 for PRACH
Observation 1: 
· Delays up to the PRACH OFDM signal duration can be estimated by the conventional PRACH receivers without ambiguity, for larger delays different receiver structure is needed
Proposal 2: 
· Study solutions to support unambiguous estimation of delays larger than PRACH symbol duration
Observation 2: 
· It is not necessary to scale CP and GP duration according to the target maximum differential delay supported by PRACH
Observation 3: 
· The range of the initial TA command in RAR should be extended for NTN
Observation 4:
· The range of slot offset K2 specified in the default table for PUSCH time domain resource allocation might be not enough to cover UE processing time and timing advance value for NTN
Proposal 3: 
· Study the following enhancements to support larger cell size for NTN
· Extended range of timing advance command in random access response
· [bookmark: _GoBack]Support of larger values for slot offset K2 between DCI with UL grant and the corresponding PUSCH for DCI format 0_0
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