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1. Introduction
Due to that the round-trip propagation delay in NTN is far beyond the range of current TA compensation via MAC RAR and TAC MAC CE, timing advance (TA) pre-compensation before initiating random access is considered as one of the objectives in WI phase. In RAN2#111e there was a 2-phase email discussion regarding this issue. Solutions are converged but there is no consensus. In this contribution, we provide our further view on TA pre-compensation for NTN.
2. [bookmark: Proposal_Beacon]Discussion
2.1 Analysis of converged solutions
For transparent mode NTN as assumed in WI phase, the propagation delays that may be pre-compensated by UE is shown in Figure 1.
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Figure 1. Propagation delays that may be considered for pre-compensation
In RAN2#111e TA pre-compensation issue was included in the following email discussion [1]:
[AT111][107][NTN] Pre-compensation and other MAC issues (InterDigital)
After Phase 1 discussion, solutions are converged in Phase 2 [2] as (in case network does not pre-compensate the feeder link delay):
1. [bookmark: _Hlk53411735]Common delay compensation, where the delay includes the feeder link delay + delay from the satellite to a reference point (for example, the center of a beam/cell). This delay is broadcast by the network, and the UE will use this value for timing pre-compensation.
2. UE-specific delay compensation, where the delay includes the feeder-link delay + UE specific delay calculated by the UE via e.g. distance from the UE to the satellite. The feeder link delay will be broadcast, and the UE will add the calculated UE-specific value to obtain the full RTD for timing pre-compensation.
There is no consensus in Phase 2 discussion on this issue, and we provide our detailed views on the converged solutions.
During the study item phase, reference scenario parameters for GEO and LEO satellites including the maximum round trip delay and the maximum differential delay within a cell are given. Even if a common delay (i.e. DFL + DSL_common) in an NTN cell can be indicated to the UE, the differential TA within a cell (i.e. DSL_UEspecific) is still out of the range of TA compensation via MAC RAR (3.12ms~10.3ms versus 2ms). The same issue exists for TA compensation via TAC MAC CE (e.g. 3.12ms~10.3ms versus 0.017ms for NTN LEO scenario D at 600km orbit with SCS=15kHz).
Observation 1: If UE only uses the indicated value of common delay (i.e. DFL + DSL_common) for pre-compensation, the maximum differential delay in an NTN cell (i.e. DSL_UEspecific) is still out of the range of legacy TA adjustment via RAR or TAC MAC CE.
Therefore Solution 1 alone as provided in the email discussion cannot solve the issue.
Proposal 1: UE service link delay (i.e. DSL or DSL_UEspecific) should be included in the pre-compensated TA for NTN.
For the UE service link delay, since RAN2 have agreed to provide satellite ephemeris to the UE and GNSS capability is assumed in Rel-17 NTN WI, UE can directly calculate its total service link delay (i.e. DSL). And the feeder link delay (i.e. DFL) can be provided or compensated by the network. Therefore Solution 2 as provided in the email discussion can work for UEs with location information.
Proposal 2: Considering the assumption of GNSS capability and indication of ephemeris, TA pre-compensation for UE with location information can be solved in a simple way: UE derives its total service link delay (i.e. DSL) e.g. via UE location & ephemeris, and network indicates to UE the feeder link delay (i.e. DFL) if it not compensated by network.
During the discussion there is also a combined solution:
3. Common delay + UE-specific service link delay compensation, where the common delay and a reference location point is indicated by the network, and UE calculates UE-specific service link delay based on its distance to the reference location point.
However, one basic fact is that, UE has to derive UE-specific service link delay (i.e. DSL_UEspecific) with knowledge of the delay from the satellite to a reference point (i.e. DSL_common), which means that the feeder link delay (i.e. DFL) and the delay from the satellite to a reference point (i.e. DSL_common) should be indicated separately. Moreover, the UE has to calculate its total service link delay (i.e. DSL) to get UE-specific service link delay (i.e. DSL_UEspecific = DSL - DSL_common). These facts make Solution 3 more complex with extra indication (i.e. separate DSL_common) and calculation (i.e. DSL - DSL_common).
Observation 2: To calculate UE-specific service link delay (i.e. DSL_UEspecific), UE has to know the delay from the satellite to a reference point (i.e. DSL_common) and calculate its total service link delay (i.e. DSL).
There is no need to consider Solution 3 as it requires more signalling and calculation than Solution 2 and it will just do the duplicated work (calculating UE total service link delay).
Proposal 3: For TA pre-compensation in NTN, no need to introduce a “common delay” (feeder link delay + delay from the satellite to a reference point).
2.2 Further considerations on TA pre-compensation
Due to LEO satellite movement, the TA needs to be pre-compensated is dynamic for the service link and the feeder link. Whichever above-mentioned solution is eventually accepted, TA pre-compensation must take LEO satellite movement into consideration e.g. how to indicate the delays needs to be compensated efficiently and avoid frequent update or complex calculation. 
Observation 3: LEO satellite movement leads to propagation delay change, and as a result TA to be pre-compensated is dynamic for the service link and the feeder link.
Proposal 4: Efficient indication for TA pre-compensation due to satellite movement be considered.
Another fact that cannot be ignored is that, the above-mentioned solutions are all based on the assumption that UE location information is available so that UE can do the calculation. The key for TA pre-compensation is to estimate the propagation delay between UE and gNB, which is relevant to the locations of UE and satellite but does not have to depend on them. 
Observation 4: None of the solution provided in email discussion is workable for UE without location information (e.g. when GNSS is unavailable).
For UE without location information (e.g. when GNSS is unavailable), other non-location-based solutions shall be considered (could be in this release if time allows). For example, as the propagation distance can be easily associated to pathloss in LOS propagation, network can provide a reference value of power for propagation delay estimation, which could be larger than the satellite transmission power to include the feeder link. Such method can work as a unified solution for regenerative and transparent architectures and can be used for UE with or without location information.
Proposal 5: RAN2 should consider TA pre-compensation solutions for UE without location information.
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: If UE only uses the indicated value of common delay (i.e. DFL + DSL_common) for pre-compensation, the maximum differential delay in an NTN cell (i.e. DSL_UEspecific) is still out of the range of legacy TA adjustment via RAR or TAC MAC CE.
Observation 2: To calculate UE-specific service link delay (i.e. DSL_UEspecific), UE has to know the delay from the satellite to a reference point (i.e. DSL_common) and calculate its total service link delay (i.e. DSL).
Observation 3: LEO satellite movement leads to propagation delay change, and as a result TA to be pre-compensated is dynamic for the service link and the feeder link.
Observation 4: None of the solution provided in email discussion is workable for UE without location information (e.g. when GNSS is unavailable).
And we propose:
Proposal 1: UE service link delay (i.e. DSL or DSL_UEspecific) should be included in the pre-compensated TA for NTN.
Proposal 2: Considering the assumption of GNSS capability and indication of ephemeris, TA pre-compensation for UE with location information can be solved in a simple way: UE derives its total service link delay (i.e. DSL) e.g. via UE location & ephemeris, and network indicates to UE the feeder link delay (i.e. DFL) if it not compensated by network.
Proposal 3: For TA pre-compensation in NTN, no need to introduce a “common delay” (feeder link delay + delay from the satellite to a reference point).
Proposal 4: Efficient indication for TA pre-compensation due to satellite movement be considered.
Proposal 5: RAN2 should consider TA pre-compensation solutions for UE without location information.
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