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1. Introduction
The propagation delays in terrestrial mobile systems are usually less than 1 ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN. Dealing with such long propagation delays requires modifications of many timing aspects in NR from physical layer to higher layers, including the timing advance (TA) mechanism. During the SI phase [1], we have studied the potential need for timing relationship enhancement, where the NTN group has identified the following aspects: 

· Transmission timing for PUSCH scheduled by DCI

· Transmission timing for PUSCH scheduled by RAR

· Transmission timing for HARQ-ACK  on PUCCH

· MAC-CE action timing 

· Transmission timing for CSI on PUSCH

· AP-SRS transmission timing 
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Due to its large RTT in NTN system, the timing advance might amount up to several tens of milliseconds. Thus, the gNB needs to ensure a sufficient processing time for the UE to prepare the uplink transmission. In the SI,  a very straightforward solution was studied and agreed, i.e. introducing an time offset (a.k.a. K offset) and this offset is added to the legacy uplink transmission resource determination.  In this contribution we will express some thoughts on the K offset aspect. 
On the other hand, timing advance was another aspect that was discussed in the SI triggered by the similar issue, i.e. extended RTT. In this contribution we will also express our thoughts on the TA design. 
2. Discussion

2.1. Thoughts on K offset

In this section we will discuss the timing offset (K offset) design. A common agreement from the SI is to introduce an offset, which should be taken into account while determining the timing relationship, e.g. uplink transmission resource or MAC-CE activation timing. This K offset is supposed to absorb the RTT range, thus naturally the K offset is related to the RTT that is experienced at UE side. This will require the gNB to configure the K offset in a UE specific manner. The potential consequence is that the scheduler at the gNB side may need to manage the diverse K offset values, which potentially increases the gNB scheduler burden. Moreover, due to the high mobility of the satellite, the RTT is time varying, leading to a time varied K offset. Therefore, a UE-specific K offset might be envisioned, resulting in a high signaling overhead. As shown in Fig. 2, where UE1 and UE2 experience different RTT, thus, the K offset value can be UE-specifically configured. 
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Observation 1: UE-specific K offset configuration is straightforward given by the RTT nature. 

To the other extreme, the K offset might be considered as cell-specific, which refers to a reference point in a footprint, e.g. a longest RTT point. As shown in Fig. 3, in this concept both UE 1 and UE 2 will share a same K offset, even UE 2 has much shorter RTT. In this case, the UE 2 throughput will be impacted as well as the HARQ-ACK latency. For example for LEO altitude around 600 km, the maximum differential RTT between two UEs can range from 3 ms up to tens of ms. In FR2, this will result in between 24 and 90 slots, which significantly limits the transmission throughput. Whereas, for FR1, this issue is relieved. 
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Observation 2: cell-specific K offset configuration is doable at the cost of the UE throughput and latency impact. 

To trade-off the pros and cons, a group-UE based K offset design can be considered, where the UEs experiencing similar RTT can be grouped together and share a same K offset value. Moreover, the K offset update can also be based on group-UE manner. 

Proposal 1: Cell-specific, UE-specific are group-UE specific timing offset configuration can be considered.  
2.2. Timing relationship update
It is understood that the K offset is directly relevant to the RTT, which further links to the timing advance (TA). When a satellite is moving with high velocity, the RTT is time varying accordingly, so does the TA. Thus, an update on the configured K offset should also be considered. For the K offset updating, there are two ways in our consideration, i.e. gNB controlled and UE triggered. 
In some cases, the UE has full knowledge about its timing advance, although the granularity of the TA update is much finer than the K offset, the UE can still judge if the configured K offset should be updated or not. Thus, the UE can inform the gNB about the need for K offset updating. This direction may involve the interaction between the UE and the gNB. 

Alternatively, the gNB can envision an update on the K offset based on the velocity and location. From the previous section, we have discussed different manner for K offset configuration. When the K offset is cell-specific. The K offset updating will naturally be gNB controlled. However, if the K offset is UE-specific, the UE triggered K offset updating can be considered. 
Proposal 2: K offset updating can consider UE triggered and gNB controlled manners. 

3. Conclusion

In this contribution we discussed timing relationship in NTN system, notably on the K offset signaling and updating. The following observations and proposals are made. 
Observation 1: UE-specific K offset configuration is straightforward given by the RTT nature. 

Observation 2: cell-specific K offset configuration is doable at the cost of the UE throughput and latency impact. 

Proposal 1: Cell-specific, UE-specific are group-UE specific timing offset configuration can be considered.  
Proposal 2: K offset updating can consider UE triggered and gNB controlled manners. 
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