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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description is updated in [1]. One objective is to specify timing relationship enhancements for NTN. In this contribution, we discuss timing relationship enhancements for NTN.
It is also of importance to discuss a basic set of assumptions for NTN in order to determine the detailed designs. Due to lack of RAN1 agenda on this, we include the discussion in this contribution.
2	Discussion on basic design assumptions
There were many assumptions and design requirements made in Rel-16 on NTN for the study purpose. Many of them would not lead to direct specification change but serve as use case scenario assumptions, in Rel-17 WI it is sufficient to focus on examining those that have direct specification impact. 
Maximum cell size affects many aspects including maximum differential delay, maximum Doppler difference, etc. In Rel-16, a maximum cell diameter of 1000 km for LEO NTN was considered. This appears to be an unusually large cell diameter for LEO NTN, for which a proper justification has not been provided. Minimum elevation angle may affect aspects including maximum RTT for a given satellite orbit altitude, cell selection and reselection, etc. In Rel-16, the minimum elevation angle for sat-gateway was assumed to be 10 degree. Though 10 degree was also considered for sat-UE minimum elevation angle in LEO NTN, the link budget analysis in fact assumed a sat-UE minimum elevation angle of 30 degree.  
With the maximum cell diameter, minimum elevation angle for sat-gateway / sat-UE, transparent payload, satellite altitude range, delay related assumptions, including RTT range, maximum one-way delay variation rate, maximum one-way differential delay (between 2 UEs) in NTNs, can be determined. Similarly, Doppler related assumptions, including downlink Doppler shift range, maximum downlink Doppler variation rate, and maximum downlink differential Doppler shift (between 2 UEs) in NTNs, can be determined.
Assumption on UE types may also be necessary. NTNs are of interest in both FR1 and FR2. In FR1, they have the potential to connect handheld with omni-directional antenna. In FR2, they may utilize larger bandwidth to connect to device with directional antenna (such as VSAT). To maximize synergy with terrestrial NR design, the maximum channel bandwidths for NTN can follow the existing values: 100 MHz for FR1 and 400 MHz for FR2. Note that if an NTN network has more bandwidths than the maximum channel bandwidths supported in FR1 / FR2, carrier aggregation can be applied.
Assumptions on these are more pertinent for RAN1 than other WGs to decide.
[bookmark: _Toc47672611]Many assumptions made in Rel-16 NTN SI will not affect directly specification development and thus there is no need to reach WI agreements on those. 
[bookmark: _Toc47672612]Key assumptions that may have design impact are more pertinent for RAN1 to decide.
[bookmark: _Toc47672614]RAN1 to discuss a basic set of assumptions that have design impact in Rel-17. 
[bookmark: _Toc47672615]An agreement on an assumption does not mean the agreement needs to be captured in the specification. Rather, an agreement on an assumption serves as a reference for discussing aspects that could lead to specification impact.
3	Discussion on timing relation enhancements
3.1	On the definition of 
During the Rel-16 NTN SI, it was identified that an offset  can be introduced to enhance several timing relationships as listed below [2].
· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH can be modified to be .
· For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot .
· For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot .
· 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 , where the value of  may depend on NTN UE capability and may not necessarily be equal to . How to determine the value of  is for further study.
· For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .
· For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .



It is further noted that the values of  may be different for each of the identified timing relationships that need to be modified for NTN. This is because the NR timing relationships are described using slots, where the duration of each slot is numerology dependent. The main role of  is to handle the offset between the UE’s DL and UL frame timing in NTN, and the value of  would depend on the magnitude of timing advance (TA) that the UE would perform. For example,  would be about equal to the round-trip time in NTN, if the UE would need to perform a TA fully compensating the round-trip time. 
In terms of absolute value in time,  is the same for each of the identified timing relationships that need to be modified for NTN. But when translating the absolute value of  to numbers of slots, the values of  become different with the unit of slot, which is numerology dependent. So, for signalling reduction, it suffices to signal one  value in terms of ms, which can be further translated into a number of slots in each timing relationship context. For example, for the transmission timing of DCI scheduled PUSCH, the slot allocated for the PUSCH can be modified to be .
The maximum RTT for the scenarios in TR 38.821 [2] is 541.46 ms, which corresponds to transparent GEO scenario with 10° minimum elevation angle for both service link and feeder link. It seems sufficient to have  to have a value range up to 600 ms, which would leave some margin for deployment with service and/or feeder link elevation angle slightly smaller than 10°. 
[bookmark: _Toc47672613]The main role of  is to handle the offset between the UE’s DL and UL frame timing in NTN, and the value of  would depend on the magnitude of timing advance (TA) that the UE would perform.
[bookmark: _Toc47672616]The unit of  is specified in terms of millisecond. For each identified timing relationship that needs to be modified for NTN, the value of  is translated into a number of slots by multiplying the value with  , where  is the corresponding numerology of the slot numbering in the identified timing relationship.
[bookmark: _Toc47672617]The value range of  is 1, 2, …, 600 ms. 
3.2	On the signaling of 
During the Rel-16 SI on NTN, it was agreed that the transmission timing of RAR grant scheduled PUSCH needs to be modified by incorporating . To respect this,  would need to be signaled at least before Msg3, for which two options exist.
· Option 1:  is signaled in SIB1.
· Option 2: is signaled in Msg2.
Signalling  in Msg2 would unnecessarily increase the payload size of Msg2. It is more reasonable to signal  in SIB1. 
Regarding whether  the value of  is cell specific or  NR beam specific, there is no clear use case to have the value of  be NR beam dependent. Different values of  for different NR beams would impose unnecessary burden at network for maintaining  timing relationships per cell, where  is the number of NR beams per cell.
The value of  signaled in SIB1 is cell specific. It needs to be used by all the UEs in the cell. The NTN cell size can be quite large. TR 38.821 captures that the maximum satellite beam size can be up to 3500 km for GEO and 1000 km for LEO, resulting in up to 10.3 ms for GEO and 3.2 ms for LEO maximum differential delay within a satellite beam. Even with one beam mapped to one cell, in such a large cell, the TA values applied by different UEs may differ up to 10.3 ms for GEO and 3.2 ms for LEO. 
To handle the large differential delay with an NTN cell, it is necessary to have the possibility of reconfiguring  to a value tailored to the UE after RRC connection setup. 
· Figure 1 provides an illustration that using cell specific  smaller than UE TA would make K1/K2 values smaller than differential delay become useless, thereby limiting scheduling flexibility.
· Figure 2 provides an illustration that using cell specific  larger than UE TA would make a set of slots equal to differential delay become non-schedulable.
[image: ]
[bookmark: _Ref46943362]Figure 1: An illustration of timing relationship using cell specific  smaller than UE TA.
[image: ]
[bookmark: _Ref46944625]Figure 2: An illustration of timing relationship using cell specific  larger than UE TA.
While the limitations of using cell specific  may be acceptable for non-unicast transmission, they impose unnecessary scheduling restriction or lead to waste of radio resource for unicast transmission, as illustrated in Figure 1 and Figure 2. Using UE specific  matching UE TA solves the issues, as illustrated in Figure 3. 
[image: ]
[bookmark: _Ref46944786]Figure 3: An illustration of timing relationship using UE specific  matching UE TA.

[bookmark: _Toc47672618]The value of  is signaled at least in SIB1 and is cell specific. 
[bookmark: _Toc47672619]The value of  can be reconfigured for each UE after RRC connection setup to be UE specific for unicast scheduling.
3.3	MAC CE action timing
NR MAC CE action timing inherits from LTE and has an application delay of 3 ms. Specifically, the corresponding action and the UE assumption on the downlink configuration indicated by a MAC-CE command shall be applied starting from the first slot that is after slot . It was recognized in the Rel-16 SI on NTN that the application delay may depend on NTN UE capability and may not necessarily be equal to  ms. For example, a UE may have different TCI/beam activation times depending on the UE’s antenna type (e.g. mechanically vs. electronically steerable antenna). Accordingly, it was agreed that the MAC-CE command shall be applied starting from the first slot that is after slot  and further study was needed to determine the value of . To respect this agreement, it appears reasonable to allow NTN UE to report its capability in terms of MAC CE action timing application delay. Accordingly, the network can configure one value from the UE’s reported value(s) to be used in MAC CE action timing. 
In NGSO constellation, the beam change is mainly a result of satellite movement. For an Earth-moving beam scenario, since a beam change will affect many UEs in a beam, it is questionable if UE specific MAC CE activation is the most suitable way to handle the activation of the new TCI states and spatial relations. Enabling more efficient broadcast or groupcast signaling of the TCI and spatial relations activation to UEs in RRC connected is a more suitable way.
[bookmark: _Toc47672620]NTN UE can report its capability in terms of MAC CE action timing application delay.
[bookmark: _Toc47672621]RAN1 should determine suitable MAC CE activation times for e.g. TCI states and spatial relations to support beam change.
[bookmark: _Toc47672622]RAN1 should determine if TCI and spatial relations activation at beam change in Earth-moving beam scenario should be managed by UE specific MAC CE signaling, by groupcast or by broadcast signaling.
Conclusion
In the previous sections, we discuss timing relationship enhancements for NTN. We made the following observations: 
Observation 1	Many assumptions made in Rel-16 NTN SI will not affect directly specification development and thus there is no need to reach WI agreements on those.
Observation 2	Key assumptions that may have design impact are more pertinent for RAN1 to decide.
Observation 3	The main role of  is to handle the offset between the UE’s DL and UL frame timing in NTN, and the value of  would depend on the magnitude of timing advance (TA) that the UE would perform.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to discuss a basic set of assumptions that have design impact in Rel-17.
Proposal 2	An agreement on an assumption does not mean the agreement needs to be captured in the specification. Rather, an agreement on an assumption serves as a reference for discussing aspects that could lead to specification impact.
[bookmark: _GoBack]Proposal 3	The unit of  is specified in terms of millisecond. For each identified timing relationship that needs to be modified for NTN, the value of  is translated into a number of slots by multiplying the value with , where  is the corresponding numerology of the slot numbering in the identified timing relationship.
Proposal 4	The value range of  is 1, 2, …, 600 ms.
Proposal 5	The value of  is signaled at least in SIB1 and is cell specific.
Proposal 6	The value of  can be reconfigured for each UE after RRC connection setup to be UE specific for unicast scheduling.
Proposal 7	NTN UE can report its capability in terms of MAC CE action timing application delay.
Proposal 8	RAN1 should determine suitable MAC CE activation times for e.g. TCI states and spatial relations to support beam change.
Proposal 9	RAN1 should determine if TCI and spatial relations activation at beam change in Earth-moving beam scenario should be managed by UE specific MAC CE signaling, by groupcast or by broadcast signaling.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]References
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