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*** Unchanged text is omitted ***

---------------------- TEXT PROPOSAL BEGIN ----------------------
16.x.2 User Plane aspects

· Impact on timing aspects:

To accommodate the long propagation delays, several NR timings involving DL-UL timing interaction are enhanced by the support of two scheduling offsets:  and  as illustrated in Figure below:
·  is the RTT between the UE and the uplink time synchronization reference point (RP). It corresponds to the sum of the service link RTT and the common TA if indicated.
·  is the RTT between the RP and the gNB.

Note: DL and UL are frame aligned at the uplink time synchronization reference point with an offset given by .
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Figure 1 NR timings enhancement

The timing relationships that need to be modified for NTN using Koffset are summarized as follows: 
· The transmission timing of DCI scheduled PUSCH, including channel state information (CSI) transmission on PUSCH.
· The transmission timing of random access response (RAR) grant or fallbackRAR grant scheduled PUSCH. 
· The timing of the first PUSCH transmission opportunity in type-2 configured grant.
· The transmission timing of HARQ-ACK on physical uplink control channel (PUCCH), including HARQ-ACK on PUCCH to message B (MsgB) in 2-step random access.
· The transmission timing of PDCCH ordered physical random access channel (PRACH).
· The timing of the adjustment of uplink transmission timing upon reception of a corresponding timing advance command.
· The transmission timing of aperiodic sounding reference signal (SRS).
· The CSI reference resource timing. 
Figure 1 is an illustration of the transmission timing of DCI scheduled PUSCH, the slot allocated for the PUSCH can be modified to be. Note for this example the subcarrier spacing (SCS) value of the downlink is supposed to be the same as that of the uplink.
For initial access, the information of  is carried in system information. Update of  after initial access is supported. The UE-specific  can be provided and updated by the network with MAC CE.
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Figure 2 Timing relationship between UL and DL for PUSCH transmission

 is a scheduling offset supported in NTN for MAC CE timing relationships enhancement. It is provided by the network if downlink and uplink frame timing are not aligned at gNB. It is needed for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH. The  is also used in the beam failure recovery, where after a PRACH transmission in uplink slot n the UE monitors the corresponding PDCCH starting from downlink slot “n +  + 4” within a corresponding RAR window.
If a UE is provided with a  value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH. MAC CE timing relationship enhancement with  is illustrated in Figure 2.
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Figure 3 MAC CE timing relationship enhancement with 

· Timing pre-compensation at the UE:

To accommodate the long propagation delays experienced in NTN on both service link and feeder link, the UE should be able to perform time pre-compensation for all its uplink transmissions; including PRACH preamble transmissions and uplink transmissions during the RRC_CONNECTED state. To do such pre-compensation, the UE is assisted by its GNSS and by the network which periodically broadcasts assistance information including serving satellite ephemeris as well as higher layer Common-TA-related parameters, where the latter may be used to calculate the common RTD e.g. delay on the feeder link. 

Release-17 specified the following formula for TA calculation that shall be applied by NTN UEs for PRACH preamble transmission and in RRC_CONNECTED state: 


Where: 
-  and  were already specified in [TS 38.213] [TS 38.211] as part of the existing TA Control;
-  is network-controlled common TA, and may include any timing offset considered necessary by the network (e.g. feeder link delay). It is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
-	 is UE self-estimated TA to pre-compensate for the service link delay. It is computed by the UE based on UE position and serving satellite-ephemeris-related higher-layers parameters if configured, otherwise ;
-  is the NR basic time unit [TS 38.211].
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Figure 4 Uplink/Downlink Radio Frame Timing at the UE

· Frequency pre-compensation at the UE:

The UE shall be capable of using its acquired GNSS position and serving satellite ephemeris information (when provided by the network) to calculate frequency pre-compensation to counter shift the instantaneous Doppler shift experienced on the service link.

While the pre-compensation of the instantaneous Doppler shift experienced on the service link is to be performed by the UE, the management of Doppler shift experienced over the feeder link as well as any transponder frequency error whether it is introduced in Downlink or Uplink is left to the network implementation without any specification impacts in Release 17. 
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