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Introduction
In previous meetings, the following agreement has been made.
	Agreement in RAN1#97
For UL frequency compensation at least in LEO systems:
· Both open and closed loop can be studied 
· Beam specific post-compensation of common frequency offset at gNB can be considered
· FFS: Further indication of common frequency offset
· FFS: Signalling details
· FFS: Compensation of common frequency offset at UE side
· For Open-loop method:
· Estimation of UE-specific frequency offset and pre-compensation at UE side can be conducted based on:
· DL RSs
· UE location and satellite ephemeris
· FFS: Determination of UE location
Agreement in RAN1#98
[bookmark: _Hlk24041991]For UL frequency compensation at least in LEO systems, parameter(s) for frequency correction can be indicated by gNB to UE
· FFS: Signaling details including whether signalling is broadcast or UE specific, and which parameter(s) are signalled.
Agreement in RAN1#98-Bis
If compensation of the frequency offset is conducted by the network in the uplink and/or the downlink respectively, indication of compensated frequency offset values by the network is beneficial.


In this contribution, we discuss possible implementation details on UL frequency control.
Discussion
To summarize the UL frequency control in Rel-16 NTN SI, for UL frequency offset, NW can indicate some assisted information to UE, e.g., UL frequency correction or UL/DL frequency post-/pre-compensation at the NW side. For UE, it is possible to pre-compensate UL frequency by itself, irrespective of the existence of the assisted information (closed-loop) or not (open loop).
One issue is that it is not clear how NR procedures, e.g., the legacy RA and two-step RA, accommodate these new features mentioned in the above agreements. Implementation details are needed since the closed-loop solution and the open-loop solution may preclude each other.
UL frequency control for legacy RA
For legacy RA, if UE has no GNSS capability and no satellite ephemeris, it is impossible to predict the Doppler shift. Based on the RAN1#98-Bis agreement, NW may indicate/broadcast a UL frequency offset to UEs that prevents UL interference. In this case, the frequency control may be implemented as follows.
· Step 1: UE may obtain the common UL frequency offset;
· Step 2: UE applies the common UL frequency offset for Msg1 transmission; 
· Step 3: UL frequency correction is sent via Msg2 transmission; 
· Step 4: UE applies the UL frequency correction and for Msg3 transmission;
· Step 5: NW has synchronized with UE.
The same concept is shown in Figure 1, where the notations can be also found in the Figure.
[image: ]
Figure 1: an example of UL frequency control for UE without GNSS for the legacy RA.
UL frequency control for two-step RA
For 2-step RA, if UE has no GNSS and no satellite ephemeris, it may be implemented as follows.
· Step 1: UE may obtain the common UL frequency offset;
· Step 2: UE applies the common UL frequency offset for MsgA transmission; 
· Step 3: UL frequency correction is sent to UE via MsgB transmission; 
· Step 4: UE applies the UL frequency correction and frequency alignment has achieved;
[image: ]
Figure 2: an example of UL frequency control for UE without GNSS for the 2-step RA.
[bookmark: _Toc24042977]For UL frequency compensation, the frequency correction can be indicated NW, where the signalling including both broadcast and UE specific manners shall be supported.
Conclusion
In this contribution, we have the following observations and proposals.
[bookmark: _GoBack]Proposal 1	For UL frequency compensation, the frequency correction can be indicated NW, where the signalling including both broadcast and UE specific manners shall be supported.
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