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Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was approved at RAN Plenary #86 [1]. The study item phase has identified issues and made recommendations on NR timing relationships in a TP to 38.811 agreed in RAN1#99 [2]. In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
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NR Timing Relationships for NTN
Propagation delays in terrestrial mobile systems are typically less than 1 ms, whereas they can be up to hundreds of milliseconds in NTN depending on satellite constellation type. The study item for NTN identified issue with legacy NR timing definitions due to large Round Trip Time between satellite and UE that would require timing relationship enhancements and recommended enhancements as summarized in Table 1. For all the issues identified, it was recommended to introduce an offset   for NR NTN. 
	NR timing types
	NR timing relationships
	Enhancements for NR NTN

	Reception timing for PDSCH scheduled by DCI
	On receiving DL assignment on DCI in slot n, PDSCH is transmitted in slot , where  indicated in the DCI is based on the numerology of PDSCH, and  and  are the numerologies for PDSCH and PDCCH.

	No enhancement required

	Transmission timing for PUSCH scheduled by DCI
	On receiving UL grant on DCI in slot n, PUSCH is transmitted in slot , where  indicated in the DCI is based on the numerology of PUSCH, and  and  are the numerologies for PUSCH and PDCCH.
	UE transmits PUSCH in slot .


	Transmission timing for PUSCH scheduled by RAR grant
	On receiving a PDSCH with a RAR message in slot  following PRACH transmission, the UE transmits message 3 on PUSCH in slot , where  and  are provided in TS 38.214.
	UE transmits the PUSCH in slot .


	Transmission timing for HARQ-ACK on PUCCH
	On receiving a PDSCH in slot  or a SPS PDSCH release on DCI in slot , the UE transmits UL HARQ-ACK on PUCCH in slot , where  is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI or provided by dl-DataToUL-ACK.
	UE transmits UL HARQ-ACK on PUCCH in slot .


	MAC CE action timing
	On receiving UL HARQ-ACK of a PDSCH carrying a MAC-CE in slot , the MAC-CE applies starting from the first slot following slot , where  is the number of slots per subframe for numerology .
	The UE assumes the MAC-CE command starts from the first slot following slot , where  depends on NTN UE capability and is FFS (X  may not necessarily be equal to ).


	Transmission timing for CSI on PUSCH
	Same as transmission timing for PUSCH scheduled by DCI.
	Same as transmission timing for PUSCH scheduled by DCI.

	CSI reference resource timing
	A CSI report in uplink slot  corresponds to a CSI reference resource in a downlink slot , where ,   and  are the numerologies for DL and UL, and  depends on the type of CSI report as defined in TS 38.214.
	The CSI reference resource is given in the downlink slot .


	Aperiodic SRS transmission timing
	On receiving a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot , where k is configured via higher layer parameter slotOffset for each triggered SRS resources set and based on numerology  and  is numerology for DCI trigger on PDCCH.
	UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .



Table 1: Legacy NR timing relationship types and recommended enhancements for NTN
The aspects specific to signalling for   for NR NTN and range K1 and/or K2  identified in release-16 NR NTN study item phase and requiring further discussions are discussed in the next section. We make proposal to confirm Release-16 recommendations to introduce an offset   for NR NTN.
Proposal 1: For UL transmission timing, introduce an offset Koffset  for NR NTN.
· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.
· For UL transmission on PUSCH, where PUSCH is transmitted on slot  when a scheduling DCI is received in slot n.
· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref, where [image: ] and nCSI_ref is as defined in 38.214.
· With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot .
· When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , 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  (X can be determined when specifications are developed).
· If a UE receives a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
· Koffset  is per beam or per-cell 


Aspects of NR NTN Timing Relationships 
Assuming UE can determine the TA autonomously, there is no need to support gNB compensation of common TA over the access link [MediaTek RAN1#102e TDoc UL sync].  For UE with GNSS capability and UL autonomous pre-compensation of propagation delay the eNodeB will not be aware of the TA applied by UE for UL transmission since it is autonomously determined by the UE. To accommodate the largest possible RTT, the gNB scheduler should assume the maximum RTT for Koffset value for UL grant of Msg3. Further, for FDD-Half-Duplex Systems and TDD, DL and UL scheduling by the BS may collide at the UE unless the BS is aware of the UE autonomous TA as illustrated in Figure 1.  When an UL is scheduled, all the time window covered by the differential RTT within the beam cannot be used for DL scheduling. 
[image: ]









Figure 1 TA reporting
We see two potential cases for the indications of  :
·  needed for UL grant of Msg3 in RAR Msg2: this indication cannot be UE specific as it occurs before contention resolution is completed. The simplest way is to broadcast    set to the maximum satellite RTT to ensure there is sufficient time gap in the UL grant provided by the eNB scheduler to accommodate all satellite delays within a beam as illustrated in Figure 2.
·  needed for UL grant of data on PUSCH after Msg3:this indication is beam specific and implicit as both the UE and gNB know the UE-specific TA within a beam since it has been reported in Msg3 during random access procedure. Over time, the connected UE may autonomously determine the TA due to the satellite time drift and report the TA to the gNB. A connected UE may not transmit for some time, for example while in DRX or without any data to transmit. The TA accuracy for UL scheduling needs to be within half a slot or subframe accuracy. Mechanisms for UE to report its autonomous TA need to be further studied. 

To allow the eNodeB to schedule UL transmissions efficiently, we have preference for the UE to report their autonomous TA to gNB, which can then base   on the UE-specific satellite RTD for UL grant of data on PUSCH after Msg3. This is more efficient than using the maximum satellite RTD to ensure there is a time gap after reception of the UL grant on DCI that is sufficient for the UE to advance its UL transmission to compensate for the satellite RTD.  The UL transmission by the UE needs to be received at the gNB in the scheduled UL resource when it is expected based on the UL grant indication in the DCI.  
The total satellite delay includes the sum of the access link delay and feeder link delay, and any processing delay in the satellite. The feeder link delay indication on SIB may be considered for MAC, RLC, PDCP timer solutions as discussed in our related TDocs in RAN2#111e [6, 7]. The aspect of timing for the feeder link are addressed in our sister contribution on UL synchronization and contribution of other aspects on NR NTN  [8, 9]. On receiving UL grant on DCI, the UE needs to know whether it needs to advance its transmission timing to include the satellite delay over the access link, or include the satellite delay over the access link and feeder link, before transmitting on the uplink. This depends on the options for the reference point for UL timing synchronization – i.e. UE uses satellite or Gateway/gNB time as the reference point for UL timing synchronization. This ensures that the UL transmission by the UE arrives at the GateWay/gNB at the right time.
Observation 1: Whether the Koffset value includes the feeder link delay depends on the assumption for the reference point for timing of UL transmission:
· In case the UE uses the satellite time as the reference point for UL timing synchronization, Koffset  includes the UE specific TA; 
· In case the UE uses the GateWay/gNB time as reference point for UL timing synchronization, Koffset includes the UE specific TA and the feeder link delay. 
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Figure 2: Reference points for   to accommodate satellite RTT
Proposal 1: Idle UE reports its autonomously determined TA in spare bits of Msg 3 during random access procedure.
Proposal 2: Connected UE reports its autonomously determined TA to the gNB. 
Proposal 3: Beam-specific Koffset based on Maximum RTT for scheduling of Message 3 is broadcast on SIB 
The TA report will need to be sent to the network by the connected UE to avoid the crossing of subframe / slot boundaries as illustrated in Figure 1. Note that assuming UE determination and pre-compensation of the delay before UL transmission, it can be assumed that the UE is always synchronized on the UL. However, as mentioned previously the gNB has no way of knowing what is the TA autonomously applied by the connected UE. Hence, the UE-specific RTD  needs to be indicated to the network.  This should be done at least with a time granularity of half the subframe or slot. Triggering options for the autonomous TA report by the connected UE could be considered as listed below: 
Network initiated report options (one or more could be applied)
· . When network initiates contention based random access with PDCCH order (e.g. signalled preamble index = 000000)
· TA report could be sent in Msg3 or Msg5
· When network initiates contention free random access with PDCCH order (e.g. signalled preamble index != 000000)
· TA report could be sent using the UL grant in Msg2
· By paging the UE
· A new field in Paging message could indicate TA report request
· By sending MAC CE to the UE to request a report
· When the UE is in Connected mode, network could send a MAC CE for TA report request and the UE could respond with a MAC CE with TA report
· By sending RRC message to the UE to request a report
· When the UE is in Connected mode, network could send an RRC message (e.g. RRCTimingAdvanceReportRequest) and the UE could send an RRC message (e.g. RRCTimingAdvanceReport) as response
UE initiated report options (one or more could be applied)
· Hysteresis/threshold: the hysteresis could be based directly on the TA being used by the UE or a quantized version of the TA (KI). UE monitors TA/KI and when the TA/KI is outside a hysteresis range, UE initiates the TA report 
· When the UE is in Idle mode, UE initiates RA procedure and TA report is sent in Msg3 or MsgA, in a MAC CE with TA report or an RRC message
· When the UE is Connected mode, UE sends a MAC CE with TA report or an RRC message (Scheduling Request (SR) can be sent by the UE if it has no UL resources to transmit the MAC CE)
· Timer based: UE could report periodically
· With a MAC CE or RRC message
· If the UE is in Idle mode when the timer expires, UE could initiate RA procedure and TA report is sent in Msg3 or MsgA, in a MAC CE with TA report or an RRC message
· When the UE is Connected mode, UE could send a MAC CE with TA report or an RRC message (Scheduling Request (SR) could be sent by the UE if it has no UL resources to transmit the MAC CE)
· UE could always report the TA during the RA procedure
· Even if the RA procedure has been initiated for because of another event (e.g. initial access from RRC Idle, RRC connection re-establishment, handover, DL/UL data arrival when “non-synchronised”, or for positioning), the UE could send TA report in Msg3 or MsgA, in MAC CE or RRC message
· UE could report the TA for certain RA triggers
· For example, for a subset of: Initial access from RRC Idle, RRC connection re-establishment, handover, or DL/UL arrival when “non-synchronised”, positioning

Proposal 4: Study options for the triggering of the TA report by the connected UE: 
· Network initiated report options
· UE initiated report options

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
Proposal 1: For UL transmission timing, introduce an offset Koffset  for NR NTN.
· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.
· For UL transmission on PUSCH, where PUSCH is transmitted on slot  when a scheduling DCI is received in slot n.
· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref, where [image: ] and nCSI_ref is as defined in 38.214.
· With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot .
· When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , 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  (X can be determined when specifications are developed).
· If a UE receives a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
· Koffset  is per beam or per-cell 

Observation 1: Whether the Koffset value includes the feeder link delay depends on the assumption for the reference point for timing of UL transmission:
· In case the UE uses the satellite time as the reference point for UL timing synchronization, Koffset  includes the UE specific TA; 
· In case the UE uses the GateWay/gNB time as reference point for UL timing synchronization, Koffset includes the UE specific TA and the feeder link delay. 
Proposal 1: Idle UE reports its autonomously determined TA in spare bits of Msg 3 during random access procedure.
Proposal 2: Connected UE reports its autonomously determined TA to the gNB. 
Proposal 3: Beam-specific Koffset based on Maximum RTT for scheduling of Message 3 is broadcast on SIB 
Proposal 4: Study options for the triggering of the TA report by the connected UE: 
· Network initiated report options
· UE initiated report options
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