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1 Introduction
The long propagation delay between the gNB and the UE in NTN requires careful consideration when adapting NR to accommodate NTN. This delay is different depending on the height of the satellite orbit: GEO, LEO, MEO, etc. and, also, on whether the NTN uses transparent or regenerative satellites. From TR 38.811[1], the one-way delay can range from 2ms to 272ms depending on the orbit.

In the study item, the issue of timing relationships was discussed and the following agreed [2]:
The other timing relationships described in Section 6.2.1.1involve DL-UL timing interaction and thus need to be enhanced for NTN. The enhancement can be to introduce an offset [image: image2.png]Koffset



 and applying it to modify the relevant timing relationships. 

●
For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH can be modified to be [image: image4.png]


.

●
For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot [image: image6.png]n + K; +A8+Kprpser



.

●
For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: image8.png]n+ Ky + Kyprzer



.

●
For the MAC CE action timing, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot [image: image12.png]n+ 3NTTE Ko
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 QUOTE  
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, where the value of [image: image15.png]


 may depend on NTN UE capability and may not necessarily be equal to [image: image17.png]


. How to determine the value of [image: image19.png]


 is for further study.

●
For the CSI reference resource timing, the CSI reference resource is given in the downlink slot [image: image21.png]n—nesp, - — Kofser



.

●
For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot [image: image23.png]


.

The values of [image: image25.png]Koffset



 may be different for each of the identified timing relationships that need to be modified for NTN.

The values of [image: image27.png]Koffset



 can be per beam or per-cell. It is for further study whether [image: image29.png]Koffset



 is derived from broadcast information or is signalled by higher layers. The possibility of extending the range K1 and/or K2 beyond what is supported in NR Rel-15 can be further discussed when the specifications are developed.

In this contribution, we discuss our views for transmission timing offset calculations.
2 Discussion
As we discussed the transmission timing relation in study item phase, we concluded that the enhancement can be to introduce a transmission timing offset of KOffset and applying it to modify the relevant timing relationships. This offset value should be configured from the network to UE. We consider two options for applying the offset.

· Option 1: KOffset value is configured by gNB as a new parameter.

· Option 2: KOffset value is calculated from the common TA and numerology which is configured from gNB.
Option 1 is a simpler method than option 2. gNB configures the KOffset value(s) to UEs by broadcast information or higher layer signalling. However, this needs new signalling parameter KOffset.

On the other hand, option 2 does not need to signal the KOffset value(s) directly if common TA which is to compensate for the common delay on a per beam or per cell basis is supported. KOffset values are related to timing advance value especially for the common TA because common TA includes the propagation time of most of the service link delay and, in a transparent payload NTN, all of feeder link delay too. We also think common TA is useful for RACH transmission as we described in [3]. So, we propose that the KOffset values should be calculated from the common TA if it is configured.
Observation 1: Koffset values can be estimated from the common TA.
Proposal 1: When the common TA is configured by gNB, the Koffset values should be calculated at the UE from the common TA.
One of the options for common TA retained in [2] is that the UE will autonomously acquire the TA it needs in which case the network would not indicate the common TA to the UE. In this case, the UE will have to estimate the common TA and then use it to calculate the dependent Koffset values.

For regenerative payloads, the inputs required for this calculation are the satellite ephemeris and the location of the common TA reference point. Signalling of the ephemeris and the common TA reference point was already discussed and acknowledged in [2] as necessary at the UE for this calculation. For transparent payload NTN, additional information is however required at the UE for it to calculate the feeder link contribution to the common TA. Therefore, for the option when the common TA is not indicated to the UE, it would be useful in the transparent payload case for additional information such as gNB location or gNB distance from the satellite to be also signalled to the UE.
Proposal 2: When the common TA is not configured by gNB in transparent payload case, the network should signal additional information such as gNB position or distance from the satellite to the UE. 

3
Conclusions
In this contribution, we discussed our views for transmission timing calculation. We observed and proposed as follows:
Observation 1: Koffset can be estimated from the common TA.
Proposal 1: When the common TA is configured by gNB, the Koffset values should be calculated at the UE from the common TA.
Proposal 2: When the common TA is not configured by gNB in transparent payload case, the network should signal additional information such as gNB position or distance from the satellite to the UE. 
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