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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] there are some issues to support NTN with 5G NR due to long propagation delays, large 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 relationships were discussed in the study item on solutions for NR to support NTN [2]. Large timing advance (TA) is applied by the UE in order to compensate large propagation delay observed in NTN. Considering the autonomous timing pre-compensation capabilities at the UE side based on GNSS, the actual TA is a combination of TA value derived at the UE side based on GNSS and TA indicated to the UE as part of NR UL timing synchronisation procedure specified in Rel. 15 NR. In order to avoid the case where UE should transmit PUSCH before reception of UL grant for that PUSCH due to large TA value, slot offset from the DCI to the target slot of PUSCH reception (without TA) should be larger than TA applied by the UE. In order to solve such problems at the last RAN1 meeting it was agreed to support common slot offset Koffset [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.


One of the remaining topics for timing relationship enhancements for NTN is MAC CE DL action timing. Timing diagram for MAC-CE DL action is schematically represented below for the case where full signal propagation delay for transmission between UE and gNB is compensated at the UE side via TA. 


Figure 1. Timing diagram for MAC CE action for DL transmission if TA corresponds to UE-gNB round trip delay
As it can be seen from the above figure, there is no misalignment for the expected MAC CE action time at the UE and at the gNB without any additional slot offset Koffset. Thus, slot offset between HARQ-ACK for MAC CE and corresponding DL action equal to 3 subframes can be supported without enhancements for the considered case with clarification that slot offset is counted from target slot of HARQ-ACK transmission (without TA).
For the case where TA corresponds to service link delay only and feeder link delay is not included in the TA the timing diagram for MAC CE DL action is schematically represented in figure 2. Due to feeder link delay additional slot offset should be added at the gNB for HARQ-ACK reception timing and the same delay should be compensated for DL action. The value of the additional slot offset is equal to feeder link round trip delay. This additional delay applied by the gNB is transparent to the UE. However, additional slot offset for MAC CE DL action from the corresponding HARQ-ACK should be added at the UE side in order to avoid the case where gNB should apply DL action before it receives HARQ-ACK for the corresponding MAC CE. Since the additional slot offset is not related to service link delay it may be not equal to the agreed Koffset and should be separately configured. 
Proposal 1: 
· If TA corresponds to UE-gNB round trip delay
· 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 n is target slot for the HARQ-ACK transmission (without TA)
· If TA corresponds to service link round trip delay (feeder link delay is not considered for TA)
· 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 n is target slot for the HARQ-ACK transmission (without TA),  is configured by higher layers


Figure 2. Timing diagram for MAC CE action for DL transmission if TA corresponds to service link round trip delay
One more agreement on the details related to common slot offset configuration was made at the last RAN1 meeting. 
	[bookmark: _Hlk49428996]Agreement:
For Koffset used in initial access, the information of Koffset is carried in system information. 
· FFS implicit and/or explicit signaling of Koffset in system information.
· FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.


Common slot offset Koffset is correlated with the common (or maximum) propagation delay corresponding to the serving area on earth. Some other parameters broadcasted by the gNB may be also correlated with the common propagation delay. In this case, in order to avoid redundant signalling, Koffset may be implicitly determined from other parameter(s) which reflects common propagation delay. For example, if indication of common TA is supported, Koffset may be implicitly derived from that parameter.
[bookmark: _GoBack]Since the maximum round trip delay is different for different beams Koffset value should be broadcasted by the gNB per beam. Also, it is not clear whether common slot offset needs to be different for different physical layer procedures where Koffset is applicable since it corresponds to the round-trip delay which is same for all the considered cases. 
Proposal 2: 
· Common timing advance (TA) value can be used to determine common slot offset (Koffset) if common TA indication is supported
· Beam-specific indication of Koffset value should be supported
· Koffset value should be common for all applicable physical layer procedures
3. Conclusion
In this contribution aspects related to timing relationships for NTN were discussed. The following proposals are made.
Proposal 1: 
· If TA corresponds to UE-gNB round trip delay
· 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 n is target slot for the HARQ-ACK transmission (without TA)
· If TA corresponds to service link round trip delay (feeder link delay is not considered for TA)
· 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 n is target slot for the HARQ-ACK transmission (without TA),  is configured by higher layers
Proposal 2: 
· Common timing advance (TA) value can be used to determine common slot offset (Koffset) if common TA indication is supported
· Beam-specific indication of Koffset value should be supported
· Koffset value should be common for all applicable physical layer procedures
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