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Introduction
One of the RAN2-lead objectives in the NTN WID [1], [2] is identifying solutions for resolving preamble ambiguity. 

In this contribution, we provide our views on this and provide solutions which help resolve this mismatch. 
Discussion
Differential Delay
Based on [3], the differential delay is defined as the propagation delay between two chosen points withing the cell that are at specific positions within the beam foot print of the satellite coverage. The maximum differential delay for GEO based Non Terrestrial Networks is 10.3ms while for LEO based configurations is 3.18ms. In comparison, differential delay in terrestrial networks is 0.8ms. Figure 1 below from [3] shows the differential delay calculation for the two simplified configurations of Non Terrestrial Networks.
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Figure 1. Differential Delay in Non Terrestrial Networks

Two main problems arise due to the differential delay in Non Terrestrial Networks which are described in the following sections.
Problem 1: RA-RNTI ambiguity between UE and network 
RA-RNTI associated with a PRACH where Random Access Preamble can be transmitted is currently computed as 

where 
	Variable
	Detail

	
	Index of the first OFDM symbol of the specified PRACH 

	
	Index of the first slot of the specified PRACH in a system frame ()

	
	Index of the specified PRACH in the frequency domain 

	
	Uplink carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier)



 For terrestrial networks, the UE and the network both choose  to be the first index of the time slot of the specified PRACH in the system frame and in which preamble is transmitted or received respectively. Due to this separately computed RA-RNTIs at the UE and the network match. However in Non Terrestrial Networks, due to the larger differential delay a similar calculation without any compensation will lead to RA-RNTI mismatch causing UE RACH Preamble transmission failure. In this scenario of NTN, if two different UEs use different slots of same frame to send the PRACH, according to the existing calculations, the network cannot distinguish between them.

Observation 1: Using the existing method of RA-RNTI calculation for preamble transmission by UE will lead to a RA-RNTI ambiguity at the network when two UEs send PRACH in different slots of same frame. 
Problem 2: RACH Fairness
An additional problem is seen in terms of fairness of RACH success for network indicated TA UEs which might not be capable of calculating the full TA as shown in Figure 2. This is due to the impact of differential delays attributed to the larger cell sizes (than those in currently existing terrestrial networks). 
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Figure 2. Larger differential delay due to relative UE location in cell 

In this figure a UE (Far Cell) that is further away from the satellite (`) has a higher differential delay compared to a UE (Near Cell with distance  i.e. . Due to the larger differential delay, the gNB will most likely always receive the near cell RACH messages before those from the far cell. The issue will become more prominent in GEO and large cell size LEO configurations. 

Observation 2: A degree of unfairness for RACH procedures exists in Non Terrestrial Networks especially in those with large cell sizes. 

The above problems exist irrespective of which RACH procedure (2-Step or 4-Step) is chosen.

Observation 3: The RA-RNTI ambiguity and the unfairness for UEs located farther away from the satellite exist irrespective of the RACH procedure chosen (2-Step or 4-Step). 

RAN2 should provide solutions to address both the above problem statements described above without having to make major modifications to the existing RACH procedures. 

Proposal 1: RAN2 to provide solutions to address the preamble ambiguity issues at the network when receiving in a detection window multiple PRACHs that are sent from different UEs in different slots.

Conclusion
In this contribution, we provided our views on timing advance enhancements for NTN. Our observations and proposals are as follows: 

Observation 1: Using the existing method of RA-RNTI calculation for preamble transmission by UE will lead to a RA-RNTI ambiguity at the network when two UEs send PRACH in different slots of same frame. 

Observation 2: A degree of unfairness for RACH procedures exists in Non Terrestrial Networks especially in those with large cell sizes.

Observation 3: The RA-RNTI ambiguity and the unfairness for UEs located farther away from the satellite exist irrespective of the RACH procedure chosen (2-Step or 4-Step).

Proposal 1: RAN2 to provide solutions to address the preamble ambiguity issues at the network when receiving in a detection window multiple PRACHs that are sent from different UEs in different slots.
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