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1. Introduction
At the 3GPP TSG RAN meeting #86 the new work item (WI) on solutions for NR to support non-terrestrial networks (NTN) was approved in [1]. The NTN WI aims to specify enhancements identified for NR NTN (especially LEO and GEO) with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
According to 3GPP TR 38.821 [2] changes for NR specification are required to support NTN due to long propagation delays, Doppler effects and moving cells. Multiple features of NR specification should be enhanced to support NTN including timing relationship. In this contribution timing relationship enhancements for NR to support NTN are discussed.
2. Discussion
Timing relationship enhancements were discussed in the study item on solutions for NR to support NTN [2]. For NTN it is assumed that large timing advance (TA) is applied by the UE in order to compensate large propagation delay. In order to avoid the case where UE should transmit PUSCH before reception of UL grant for that PUSCH, slot offset from the DCI to the target slot of PUSCH reception should be larger than TA applied by the UE. In order to solve this problem it was agreed to support common slot offset K_offset [3].
	[bookmark: _Hlk49429056]Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.


Details of configuration for K_offset value are still under discussion in RAN1. At the last RAN1 meeting [4] it was agreed that at least a cell specific K_offset configuration is supported for initial access. Beam specific K_offset configured for initial access is FFS. Since the maximum round trip delay is different for different beams Koffset value should be broadcasted by the gNB per beam. Based on values specified in [1] the difference between minimum and maximum round trip delay (RTD) is 64 ms for GEO and 17 ms for LEO at 600 km assuming transparent payload. Such a big difference in RTD can lead to much larger slot offset for some beams. Thus, beam specific K_offset for initial access should be supported.
Proposal 1: 
· [bookmark: _Hlk61885892]Support beam specific K_offset configured in system information for initial access
At the last RAN1 meeting the following agreement was made in agenda item for enhancements on UL time and frequency synchronization. 
	Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.


In the above agreement it is stated that indication of common time offset (TA) is supported and used at least for UEs in idle/inactive mode. Since the common TA and common slot offset (K_offset) may be used in order to consider common propagation delay, the value of K_offset can be fully or partially derived from common TA value. Since the common slot offset K_offset is a function of common propagation delay which is determined by the deployment it should be the same for all physical channels and procedure which utilise K_offset.
Proposal 2: 
· Common timing advance (TA) value can be used to determine common slot offset (K_offset) 
· Koffset value should be common for all applicable physical layer procedures
Since the common propagation delay for the same cell and same beam can be changing in time (e.g. for non-GEO satellite with stationary beams), the value of common slot offset K_offset needs to be updated after initial access. Also, in order to improve the delay characteristics of UL transmission or CSI K_offset may be updated from cell-specific to beam-specific or from beam-specific to UE-specific. However, currently it is not clear if UE-specific K_offset is really necessary considering that PUSCH and PUCCH supports flexible configuration of slot offset (K1 and K2 values) in UE-specific manner, especially if values of K1 and K2 are extended for NTN. 
Proposal 3: 
· At least for cell-specific and beam-specific K_offset, update by the gNB after initial access via higher layer signaling (RRC or MAC CE) is supported
· It is not clear if UE-specific K_offset is necessary
3. Conclusion
In this contribution aspects related to timing relationships for NTN were discussed. The following proposals are made.
Proposal 1: 
· Support beam specific K_offset configured in system information and used in initial access
Proposal 2: 
· Common timing advance (TA) value can used to determine common slot offset (K_offset) 
· [bookmark: _GoBack]Koffset value should be common for all applicable physical layer procedures
Proposal 3: 
· At least for cell-specific and beam-specific K_offset, update by the gNB after initial access via higher layer signaling (RRC or MAC CE) is supported
· It is not clear if UE-specific K_offset is necessary
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