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1. Introduction
Due to the large maximum differential delay possible in NTN cells, a preamble ambiguity issue, where certain RACH occasion configuration may lead to overlaps in preamble receiving windows between successive RACH occasions, was identified in NTN SI phase. There were email discussions at and after RAN2#111e regarding this issue. In this contribution, we provide our further view on the preamble ambiguity issue in NTN, especially for UE without TA pre-compensation capability.
2. [bookmark: Proposal_Beacon]Discussion
Given the large maximum differential delay in NTN, there could be overlaps in preamble receiving windows between successive RACH occasions. In this case gNB may not know which RO the preamble is associated with in the overlap period and therefore may not be able to accurately estimate the appropriate timing advance. In terrestrial networks this preamble ambiguity issue may not be critical since that the differential delay in a cell can be negligible comparing to the time interval between RACH occasions. However in NTN the differential delay in a cell due to the size of the cell and satellite-to-ground propagation delay. TR38.821 has given further analysis on this issue indicating that the supported UE density will decrease with increasing cell coverage or frequency of RACH to avoid overlapping.
During the email discussions at and after RAN2#111e [1][2], an obvious consensus is that if the propagation delay from UE to gNB can be compensated e.g. TA pre-compensation by UE, preamble ambiguity will not be an issue. This view is theoretically reasonable since that if UEs pre-compensate their propagation delay, the differential delay observed from gNB side will be much smaller and thus negligible as that in terrestrial networks. However to ensure this the propagation delays of all UEs that may use a certain RACH occasion have to be compensated, i.e. all UEs that may use a certain RACH occasion have to capable of TA pre-compensation. If one or more UEs are without TA pre-compensation capability, the preamble receiving window has to be large enough or RACH will fail in these UEs. Meanwhile due the uncertainty of preamble arrival time of these UEs, other UEs capable of TA pre-compensation will also be affected as the network may indicate wrong TA refinement value to them.
Observation 1: For UEs without TA pre-compensation capability, preamble ambiguity remains to be an issue at network side and UEs with TA pre-compensation capability may also be affected.
Therefore unless TA pre-compensation is a mandatory capability for all NTN UEs, the preamble ambiguity issue has to be solved.
Proposal 1: RAN2 to study solutions to preamble ambiguity issue if UE TA pre-compensation is an optional capability.
In TR38.821, the following solutions (Figure 1) for the preamble ambiguity issue are given:
1)	Proper PRACH configuration in the time domain. The interval between two consecutive RO should be larger than 2 * the maximum delay difference within the cell.
2)	Preamble division. Preambles should be divided into groups and mapped to different RO, such that ROs with timing separation less than 2 * maximum delay difference are always assigned with different groups of preambles.
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Figure 1. Solutions for the preamble ambiguity issue in TR 38.821
Based on the current specifications, the issue can only be avoided by network implementation as in Solution 1). But as analysed in TR38.821 this solution requires large time intervals between RACH occasions (TRO1_RO2 > max Tcell_delay_difference  * 2) and therefore sacrifices the supported UE density.
[bookmark: _Hlk42777355]Solution 2) further proposes enhancement in preamble selection by dividing preambles into groups for different RACH occasions, so that RACH occasions allocated to different preamble groups can have time interval less than 2 * the maximum delay difference within the cell. But the grouping used in this solution still sacrifices the supported UE density because that the preambles cannot be reused in the period of 2 * the maximum delay difference within the cell.
Based on the analysis, the above-mentioned solutions cannot solve the issue without sacrificing the supported UE density. The main reason is that the required size of preamble receiving window (i.e. 2 * the maximum delay difference within the cell) is not changed.
Observation 2: Proper PRACH configuration in the time domain and preamble division as mentioned in TR38.821 cannot solve preamble ambiguity without sacrificing the supported UE density, as long as the required size of preamble receiving window (i.e. 2 * the maximum delay difference within the cell) remains.
Therefore, a better way to solve the preamble ambiguity issue is to minimize the required size of preamble receiving window. UE location can be used as in Rel-17 NTN WI GNSS capability is assumed for all UEs. Network can configure UEs at different location (i.e. different propagation delay) to use different RACH occasions, and therefore the size of each preamble receiving window can be reduced (Figure 2).
Proposal 2: For UEs without TA pre-compensation capability, UE location information should be used for RACH occasion configuration in the time domain to solve the preamble ambiguity issue.
Besides, for a satellite capable of providing several SSB beams in an NTN cell, the network may associate ROs to different SSB beams covering different locations to avoid preamble ambiguity.
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Figure 2. Propagation delays that may be considered for pre-compensation
3. Conclusion
In this contribution, we discuss on the converged solutions in the email discussion for TA pre-compensation for NTN and also give further considerations. The following observation are given:
Observation 1: For UEs without TA pre-compensation capability, preamble ambiguity remains to be an issue at network side and UEs with TA pre-compensation capability may also be affected.
Observation 2: Proper PRACH configuration in the time domain and preamble division as mentioned in TR38.821 cannot solve preamble ambiguity without sacrificing the supported UE density, as long as the required size of preamble receiving window (i.e. 2 * the maximum delay difference within the cell) remains.
And we propose:
Proposal 1: RAN2 to study solutions to preamble ambiguity issue if UE TA pre-compensation is an optional capability.
Proposal 2: For UEs without TA pre-compensation capability, UE location information should be used for RACH occasion configuration in the time domain to solve the preamble ambiguity issue.
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