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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 the 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 as described in [3] and TA indicated to the UE as part of NR UL timing synchronisation procedure specified in Rel. 15. Example of a timing diagram at the UE side for NTN is represented in figure 1 considering the timing pre-compensation capabilities at the UE side based on GNSS.




Figure 1. Example of timing diagram for NTN
[bookmark: _GoBack]In the example represented in figure 1, UL grant is received in slot #n requesting PUSCH transmission in slot #m. If UE applies autonomous TA based on GNSS and indicated TA for PUSCH transmission the actual transmit time would be before slot #n reception which breaks causality condition. In order to avoid non-casual PUSCH transmission, the slot offset configured to a UE for PUSCH transmission should be larger than the maximum round trip delay possible for the corresponding NTN cell. Thus, slot offset which is larger than the maximum round trip delay observed in NTN cell is needed. Since the maximum round trip delay for NTN can be larger than 541 ms [2] the range of slot offset values supported in NR specification is not enough to cover delays in NTN. Similar issue exists for other cases including HARQ-ACK transmission on PUCCH, MAC CE action timing, CSI reference resource timing, transmission timing of aperiodic SRS. The following solution is captured in [2] to solve that issue. 
	The other timing relationships described in Section 6.2.1.1 involve DL-UL timing interaction and thus need to be enhanced for NTN. The enhancement can be to introduce an offset  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 .
●	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 .
The values of  may be different for each of the identified timing relationships that need to be modified for NTN.
The values of  can be per beam or per-cell. It is for further study whether  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 our view it is necessary to support additional slot offset Koffset for the cases listed above except MAC CE action timing. Since the maximum round trip delay in different for different beams Koffset value should be broadcasted by the gNB per beam. 
Proposal 1: 
· Support additional slot offset Koffset for the following cases
· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH)
· For the transmission timing of RAR grant scheduled PUSCH
· For the transmission timing of HARQ-ACK on PUCCH
· For the CSI reference resource timing
· For the transmission timing of aperiodic SRS
· The values of Koffset are broadcasted by the gNB per beam
For the action time of the MAC CE command, the description for the additional slot offset is not clear in [2]. If the timing of the MAC CE action is counted from the target slot of the HARQ-ACK transmission (without TA) at the UE side, there is no additional delay needed to consider the propagation of HARQ-ACK or propagation of DL signal as represented in the below figure. 


Figure 2. Timing diagram for MAC CE action for DL transmission
As it can be seen from the above figure, there is no misalignment for the expected MAC CE action time at the UE without any additional slot offset Koffset. The original MAC CE activation timing specified in Rel. 15 NR has 3 subframes slot offset from the HARQ feedback instance so that UE and gNB have enough time for processing related to this MAC CE action. From the UE perspective, considering large slot offset for the HARQ-ACK transmission, additional time for processing may not be needed. However, additional time for processing is still needed at the gNB side at least for HARQ-ACK reception. Thus, we propose to support 3 subframes slot offset on top of the additional slot offset from the HARQ-ACK reception instance.


Proposal 2: 
· 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)
In Rel. 16 NR 2-step RACH procedure was specified. Since 2-step RACH was not considered in the TR 38.821 [2] for the timing relationships, further study is needed on the impact of the large delays observed in NTN. 2-step RACH allows to reduce the number of messages considered in RACH procedure; hence, reduced latency is expected for 2-step RACH comparing to conventional 4-step RACH. For extremely large RTT observed in GEO NTN deployments and frequent handover expected for LEO NTN deployments with large number of UEs in one NTN cell, support of 2-step RACH may lead to significant improvements in NTN system performance. Thus, we propose to support 2-step RACH for NTN. Some changes in NR RAN1 specification for 2-step RACH may be needed in order to solve the issue with timing relationships for PUSCH scheduled by fallback random-access response (RAR) and HARQ-ACK feedback for MsgB.
Proposal 3: 
· Support 2-step RACH procedure for NTN
· Consider enhancements for 2-step RACH timing relationships in NTN including timing of PUSCH scheduled by fallback random-access response (RAR) and timing of HARQ-ACK feedback for MsgB
3. Conclusion
In this contribution aspects related to timing relationships for NTN were discussed. The following proposals are made.
Proposal 1: 
· Support additional slot offset Koffset for the following cases
· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH)
· For the transmission timing of RAR grant scheduled PUSCH
· For the transmission timing of HARQ-ACK on PUCCH
· For the CSI reference resource timing
· For the transmission timing of aperiodic SRS
· The values of Koffset are broadcasted by the gNB per beam
Proposal 2: 
· 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)
Proposal 3: 
· Support 2-step RACH procedure for NTN
· Consider enhancements for 2-step RACH timing relationships in NTN including timing of PUSCH scheduled by fallback random-access response (RAR) and timing of HARQ-ACK feedback for MsgB
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