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1.	Introduction
In NTN systems, there are many different parameters and unique issues that can’t be found in the traditional TN systems, e.g. timing relationships between DL and UL from gNB and UE perspectives, cell topology/deployment scenarios, etc. In this contribution, we provide our views on the following aspects that can affect the overall requirement development work.
· Report of UE specific TA pre-compensation
· Application time update due to introduction of K_offset and K_mac
· Requirements for different Satellite Types and Cell Deployment Scenarios
2. 	Discussion
A summary of RAN1/RAN2 agreements on timing relations
RAN1 and RAN2 introduced K_offset and K_mac parameters to ensure scheduling causality and to make MAC application time synchronized. The relevant agreements are as below.
Timing relationship enhancements (K_offset)
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
· Update of K_offset after initial access is supported
· Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
· When UE is not provided with K_offset value other than the one signaled in system information, the K_offset value signaled in system information is used for all timing relationships that require K_offset enhancement.
· The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI

Timing relationship enhancements (K_MAC)
· Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.
· UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
· If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot n+3N_slot^(subframe,µ)+K_mac, where µ is the SCS configuration for the PUCCH.

Timing relationship enhancements (ra-ResponseWindow and msgB-ResponseWindow )
· The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
· Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  T_TA=(N_TA+N_(TA,UE-specific)+N_(TA,common)+N_(TA,offset) )×T_c. The estimate of gNB-satellite RTT is equal to the sum of N_(TA,common)×T_c and K_mac.  How to treat N_TA and N_(TA,offset) can be further discussed.
· Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
· Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
· Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

UL time synchronization
· An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
· The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.
· For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
· Conclusion: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.

Based the agreements captured above, the timing relationships between DL and UL from gNB and UE perspectives can be illustrated as Figure 1 in which those parameters related to NTN UE UL transmission and MAC application time are incorporated. Compared to those in TN systems shown in Figure 2, NTN DL and UL timeline in terms of OTA and MAC may not be always synchronized. In order to make them logically synchronized, K_offset and K_mac have to be properly chosen based on the propagation delay between the UE and gNB, etc., otherwise the overall system will be adversely affected.
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Fig. 1. A Diagram of timing relationships between DL and UL from gNB and UE perspectives in NTN systems
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Fig. 2. A Diagram of timing relationships between DL and UL from gNB and UE perspectives in TN systems

· Report of UE specific TA pre-compensation
As explained above, in order for gNB to configure a proper value of UE specific K_offset after initial access, it was agreed in RAN2 that the UE reports information about the UE specific TA pre-compensation during random access procedure.
· Agreements from RAN2#113-bis-e, 12th April – 20th April 2021, e-meeting
· At least for uplink scheduling adaptations, the UE may report information about the UE specific TA pre-compensation. The exact information and frequency of reports depend on RAN1 outcome. FFS on when/how to report.
· The UE reports the UE specific TA pre-compensation during RACH procedure using MAC CE (FFS if this needs to be configured). Actual content is FFS and also depends on further RAN1 input.
· Agreements from RAN2#114-e, 19th May – 27th May 2021, e-meeting
· If enabled by the network, the UE reports information about UE specific TA pre-compensation at the random access procedure (MSGA/MSG3 or MSG5) using a MAC CE. Actual content is FFS and also depends on further RAN1 input (we can revise this whole agreement if RAN1 come to a different conclusion in terms of what needs to be conveyed to the NW)

Observation 1: For uplink scheduling adaptations, e.g. K_offset, the UE may report information about the UE specific TA pre-compensation during RACH procedure using MAC CE.

Although the details on the signaling of the UE specific TA pre-compensation report, considering it’s mainly for UL scheduling adaptation and K_offset value determination, the required granularity of the report is not expected to be smaller than OFDM symbol or slot. Therefore, we don’t think it is necessary to define and verify the accuracy of UE specific TA pre-compensation report. In order words, as long as UE can meet UL transmission timing accuracy requirements, the reported UE specific TA pre-compensation information should be considered valid.

Proposal 1: A new requirement for the report of UE specific TA pre-compensation shall not be defined unless its granularity is small enough to make it worth verifying its accurate.

· Application time update due to introduction of K_offset and K_mac
As shown in Figure 1, MAC application time in DL and UL can differ by K_mac and the absolute slot index for UL MAC application time which is not affected by K_mac can be delayed by K_offset with respect to DL slot index.

Observation 2: Two parameters are newly introduced by RAN1, K_offset and K_mac, to ensure scheduling causality and to make MAC application time synchronized.

Proposal 2: Requirements that can be affected by K_offset and K_mac shall be updated to incorporate those parameters, e.g. latency, interruption, application time, etc.

· Requirements for different Satellite Types and Cell Deployment Scenarios
Depending on satellite type and cell topology/deployment, detailed configurations and requirements can be different. Therefore, RAN4 will have to determine whether to define one requirement for each or not case by case.

Proposal 3: RAN4 to determine whether and how to differently define RRM requirements case by case for the following aspects:
· GEO vs. non-GEO
· Earth-fixed vs. -moving cells for non-GEO
· Mobility within a satellite vs. across satellites
3.	Conclusion
Observations and Proposals are summarized below:
· Report of UE specific TA pre-compensation
Observation 1: For uplink scheduling adaptations, e.g. K_offset, the UE may report information about the UE specific TA pre-compensation during RACH procedure using MAC CE.
Proposal 1: A new requirement for the report of UE specific TA pre-compensation shall not be defined unless its granularity is small enough to make it worth verifying its accurate.
· Application time update due to introduction of K_offset and K_mac
Observation 2: Two parameters are newly introduced by RAN1, K_offset and K_mac, to ensure scheduling causality and to make MAC application time synchronized.
Proposal 2: Requirements that can be affected by K_offset and K_mac shall be updated to incorporate those parameters, e.g. latency, interruption, application time, etc.
· Requirements for different Satellite Types and Cell Deployment Scenarios
Proposal 3: RAN4 to determine whether and how to differently define RRM requirements case by case for the following aspects:
· GEO vs. non-GEO
· Earth-fixed vs. -moving cells for non-GEO
· Mobility within a satellite vs. across satellites
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