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Introduction
[bookmark: _Hlk510705081]At RAN #86 in December 2019 a work item for NTN was agreed (RP-193234,[1]). The normative activities include development of specifications for transparent payload-based LEO. In this document we discuss the aspects of the DL-UL timing relationships needed for NTN operation.
Discussion
Compared to terrestrial networks, NTN pose some challenges related to the very high speed and delay compared to typical values for terrestrial networks. The Technical Report has investigated several of such challenges [2]. Some of them may impact the link performance, whereas others can compromise the technical feasibility of the system. One of the latters, is related to the relationship between DL and UL timing for network procedures, as they were originally designed to operate in much shorter delays.  In the following subsections we share our comments to promising proposals to address some of the raised issues. 
[bookmark: OLE_LINK1]Short vs Long Timing Advance Solutions
The Section 6.2.1 in the TR presents the short and long Timing Advance options. In the first, the UEs should compensate the Timing Advance (TA) only for the differential delay, whereas the network compensate for a large common delay component for all UEs; in the second solution the UEs’ TA must account for the whole PHY latency. 
Regardless of the choice between short and long TAs, there is still areas where NTN operation will pose potential challenges on the UL and DL timing relationships. 
Example: in the random access response (RAR) sent by the gNB to the UE, there is a UL grant for PUSCH transmission of Msg 3 of the Random Access procedure to be taken at slot , where  is the current DL slot. In the best case scenario, i.e., for the lowest subcarrier spacing, the value of  is 6 ms. Even for short TA, the maximum differential one-way delay allowed within one given cell according to the TR can be as high as a 3.1 ms for LEO and 10 ms for GEO. Therefore, to accommodate the need for two-way differential delays, at least 6.2 ms for LEO and 20 ms for GEO are required between the UL grant in the RAR and the corresponding PUSCH allocation. 
Moreover, in the case of earth-fixed cells, the maximum differential delay on top of the common delay may be even higher, as the total delays varies over time in the cell. 
[bookmark: _Ref47449137]Observation 1: The UL-DL timing relationship enhancements are required in Release 17, regardless of the Short or Long TA adoption. 

DL-UL Timing relationship Enhancements
In the Section 6.2.1 in the TR , 6 MAC/PHY procedures have been identified as potentially impacted by the larger NTN propagation delays:
●	Transmission timing for PUSCH scheduled by DCI
●	Transmission timing for PUSCH scheduled by RAR grant
●	Transmission timing for HARQ-ACK on PUCCH 
●	MAC CE action timing
●	CSI reference resource timing
●	Aperiodic SRS transmission timing
The SI provides one simple alternative, which is to introduce an offset to all the UL-DL relationships. If the offset suffices to compensate for the link propagation delay, then, the legacy UL-DL timing relationships (used on top of the offset) can provide the time separation required by 5G systems specification, including eventual processing times. 
Proposal 1: The formulas for UL-DL timing relationships should include a single offset  to account for the propagation delay.
Assuming the goal of the new offset, , is to compensate for the propagation delay in all 6 potentially problematic cases, it should not be affected by the particular case, but solely impacted by the magnitude of the differential propagation delay. Therefore, in order to minimize the specification effort and modifiations, we propose:
Proposal 2:The offset factor, , should be applicable for all UL-DL timing relationships.
The first DL-UL timing relationship to be used by the UE throughout its connection regards the UL grant in the RAR. The Random Access may be caused by the UE’s initial attempt to establish a connection, when the gNB has no context about this UE.
Proposal 3:  must be available before the UE random access, for example, indicated by broadcast messages by the gNB. 
Varying Propagation Delays
Another challenge concerns the fact that the propagation delay between UE and the gNB relayed through a transparent satellite varies over time, even if the UE position does not change, as a consequence of the rapid satellite orbital movement. Example of such behaviour is presented in Figure 3. In this picture, device locations are distributed over some European cities within a radius of 300 km that are served by a satellite whose orbit is indicated in the figure. All these points may be coverd by a single NTN cell using the TR reference values (maximum allowed diameter: 1000 km). Using the TR reference values for minimum elevation angle allowed for coverage (10 degrees) it is possible to estimate the propagation delay between each device position and the satellite over time (see Figure 3 B). For any given device location, using a LEO-600 km as reference, the propagation delay may vary more than 4 ms (twice this value for transparent architectures). 
Observation 2: The propagation delay may vary significantly for a given UE within the ”coverage period” for any given LEO satellite. 
Treating the UL-DL timing relationships considering in a fixed manner, i.e., considering the most conservative case will lead to unnecessary waiting time for the UEs in close proximity to the satellite.. It also reduces the flexibility of the gNB scheduler in exploiting the propagation differences for different UEs. 
Proposal 4: The UL-DL timing relationships adjustments should be dynamic to follow the propagation variation over time. 


[image: ]
[bookmark: _Ref33708413]Figure 3. (A) Representation of satellite orbit and devices locations, defined as fixed positions in different cities. (B) The propagation one-way delay measured from device location-to-satellite in different instants, as the satellite passes by the UE positions. 

In addition, the propagation delay varies within one cell at a fixed time (i.e., differential delay). So similar to the above if the most conservative case is used to define the offset then some UEs in the cell will need to wait unnecessarily. Ideally these unnecessary dealys should be avoided as UEs will see higher latency if a single offset is applied to all UEs in the cell. Hence it would be attractive for the gNB to potentially be able to apply or indicate UE specific offsets for the DL-UL timing relationship.
Observation 3: If a single DL-UL timing relationship offset is applied for a whole cell, differential propagation delay will cause some UEs in the cell to wait for UL transmissions longer than required to address the problem
Proposal 5: RAN1 to discuss if UE-specific values for  can be specified in complement to the cell base  

Summary
In this document we have made the following observations and proposals:
Observation 1: The UL-DL timing relationship enhancements are required in Release 17, regardless of the Short or Long TA adoption. 
Observation 2: The propagation delay may vary significantly for a given UE within the ”coverage period” for any given LEO satellite. 
Observation 3: If a single DL-UL timing relationship offset is applied for a whole cell, differential propagation delay will cause some UEs in the cell to wait for UL transmissions longer than required to address the problem
Proposal 1: The formulas for UL-DL timing relationships should include a single offset  to account for the propagation delay.
Proposal 2:The offset factor, , should be applicable for all UL-DL timing relationships.
Proposal 3:  must be available before the UE random access, for example, indicated by broadcast messages by the gNB. 
Proposal 4: The UL-DL timing relationships adjustments should be dynamic to follow the propagation variation over time. 
Proposal 5: RAN1 to discuss if UE-specific values for  can be specified in complement to the cell base  
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