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Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was revised in RAN Plenary #88e [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 make observations and proposals to address issues discussed in RAN1#103e and summarized in FL summary #4  for NTN timing relationships [3].
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Configuration of Koffset   
This section addresses Issue#1 in FL summary in [3]. RAN1#103e made the following agreements:
· 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.
· FFS: Beam specific K_offset configured in system information and used in initial access.

The gNB has no knowledge of UE-specific RTT prior to initial cell access. Based on RAN1#103e agreement, the cell-specific Koffset is supported. To avoid any clash between UE transmissions of Message 3 during initial cell access, the cell-specific K_offset should be configured to be equal to the maximum RTD of the cell. In case of satellite cell with multiple beams, the maximum RTD of the cell could be several times larger than the maximum RTD of a given beam in the cell. It could be advantageous to configure a beam-specific K_offset to allow greater flexibility of gNB scheduler for Message 3 scheduling. To avoid need for UE to read beam-specific SIB every time the beam is switched, the beam-specific Koffset for all the beams in the cell could be broadcast in each beam or broadcast on a wider beam assuming hierarchical beam layout with wider beam used for cell access and narrow beams used for data as discussed in [4]. The beam spots in NR NTN could be relatively small compare to the satellite cell size, assuming there are multiple beams with 10 beams per cell or larger number of beams. The increases in SIB overhead could become larger as the number of beams per cell increases, but is trade off with UL scheduler flexibility for initial access.  
Observation 1: Configuration of a beam-specific K_offset requires beam-specific K-offset to be broadcast on SIB increases system information overhead in satellite cell with large number of beams and is trade off between UL scheduler flexibility in initial access and SIB overhead.
Assuming the K_offset broadcast on SIB for initial access, it will be the same for all UEs within the cell or beam. Assuming a maximum beam foot print size 3500 km in GEO and 1000 km in LEO, the maximum differentia delay is 10.3 ms and 3.2 ms respectively [TR 38.821, Table 4.2-2]. This translates into a maximum differential RTD of 20.6 ms and 6.4 ms, which corresponds to a large number of subframes / slots that depends on the numerology – i.e. about 21 slots and 7 slots for µ=0, 42 slots and 14 slots for µ=1, and so on. One way to handle the differential delay in NTN would be to re-configure the Koffset based on the UE specific delay. Since the UE autonomously acquire its TA and pre-compensate the delay over the access link before transmitting, the gNB has no way of knowing the UE specific TA before Message 1. Hence, it seems beneficial if the UE reports its autonomous acquired TA to the gNB to enhance gNB scheduler flexibility for FDD system to avoid issue with maximum differential delay.
Proposal 1: The value of K_offset can be re-configured after RRC connection setup based on UE-specific autonomous TA report.
Proposal 2: The UE needs to at least report its autonomous TA to the gNB in Message 3 during initial cell access. 
Proposal 3: After initial access, the UE-specific TA can be maintained in two ways:
· gNB triggers an autonomous TA report from the UE
· UE initiates report autonomous TA report   
NOTE: 
The TA report only needs to be sent to avoid subframe collision between UL transmissions by UEs within the cell assuming K_offset is smaller than maximum RTD in the cell. It is sufficient if the TA report is reported by UE when its UE-specific TA has changed by half subframe duration. For example with LEO=600 km, the satellite speed is 7.6 km/s. The time drift in one second is about 25.33 us (i.e. d=v*t= 7600 m/s * 1 s=7600 m, and t=d/c = 7600/3.108 = 25.33  us).  Assuming numerology µ=0 with subframe of 1 ms, the UE autonomously acquired TA report needs to be sent by UE about every 20 seconds (=500 µs / 25.33 µs). With higher numerology µ=0 with slot of 0.5 ms, the TA report needs to be sent about every 10 seconds. 

MAC CE command timing relationship
This section addresses Issue #2 in FL summary in [3]. RAN1#103e made the following agreements:
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.

Hence, it is only needed to further discuss the value of K_mac for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH assuming the downlink and uplink frame timing are not aligned at gNB.
In this case, the downlink and uplink frame timing are assumed to be aligned at the satellite. This implies that there is a difference of feeder link RTD between gNB UL slot and corresponding gNB DL slot. Hence, the gNB should assume that the DL MAC CE applies at gNB UL slot m where it receives the UL HARQ-ACK feedback corresponding to the DL PDSCH carrying the MAC CE at gNB DL slot m. 
Proposal 4: In the case where the downlink and uplink frame timing are assumed to be aligned at the satellite, on receiving a MAC CE command on PDSCH in DL slot n to indicate an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where 
· TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
· kmac is the feeder link RTD between gNB UL slot and corresponding gNB DL slot.


K1/K2 range extension
This section addresses Issue #3 in [3]. The following agreement was made in RAN1#102e on HARQ:
· The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· Whether extending value ranges of K1 and/or K2 is needed for LEO/GEO can be discussed together with K_offset signaling.
In case of FDD, there is no risk of HARQ stalling due to an increase in the number of HARQ processes. An UL HARQ feedback corresponding to a DL packet received in DL slot n can always be transmitted in UL slot n+ K1 + Koffset slots. This allows the UE to advance its transmission timing by Koffset slots to accommodate the UE-gNB RTD. Likewise, an UL grant in DCI received in DL slot n can always find a corresponding UL resource at UL slot n+K2+K_offset to transmit a packet on PUSCH. 
In case of TDD, with 32 HARQ processes, an UL HARQ feedback corresponding to a DL packet received in DL slot n cannot always be transmitted in UL slot n+ K1 + Koffset slots. There may not be an available UL slot as it may be configured to be a DL slot. It seems necessary that for numerology µ > 0 the range of K1 is increased to avoid HARQ stalling in HD-FDD and TDD UE. It is not strictly required to increase the range of K2. It is up to the gNB scheduler to ensure that an UL grant in DCI received in DL slot n can always find a corresponding UL resource at UL slot n+K2+Koffset to transmit a packet on PUSCH.  
Proposal 5: K1 range is increased to 32 with indication of INTEGER (0..31) in dl-DataToUL-ACK field in PUCCH-Config.

Configured grant timing relationships
This section addresses Issue #4 in FL summary in [3]. RAN1#103e made the following working assumption:
· 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.
TS 38.321 clause 5.8.2 specifies Configured Grant Type 1 as follows:
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
In Release 16, timeReferenceSFN-r16 with value sfn512 is included in ConfiguredGrantConfig IE in TS 38.331.  This RRC parameter indicates SFN used for determination of the offset of a resource in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the configured grant configuration as described in TS 38.321, clause 5.8.2. The value 512 SFN is sufficiently large to absorb the K_offset, even in case of GEO where the largest RTDs are observed. The other way would be not to use the field timeReferenceSFN, with the reference SFN being 0. In this option,   K_offset × numberOfSymbolsPerSlot could be used in the equation above. To avoid un-necessary specification change it seems preferable to use the field timeReferenceSFN-r16 which can be configured by the network. 
Proposal 6: The network configures timeReferenceSFN-r16 to sfn512 in ConfiguredGrantConfig IE for Configured Grant Type 1in NR NTN.
TS 38.321 clause 5.8.2 specifies Configured Grant Type 2 as follows:
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
TS 38.214 clause 6.1.2.3 specifies that For Type 2 PUSCH transmissions with a configured grant: the resource allocation follows the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI. Hence, for configured grant type 2, the Koffset can be used for DCI scheduled PUSCH timing as agreed in RAN1.
Proposal 7: Confirm the working assumption for Configured Grant Type 2 in RAN1#103e as agreement
· 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.

PDCCH ordered PRACH
This section addresses Issue #5 in FL summary in [3]. Moderator’s recommendation was to further input on PDCCH ordered PRACH timing relationship. 
On receiving PDCCH order in slot n, the UE needs to advance its UL transmission timing by at least K_offset before transmitting PRACH in next RACH Opportunity (RO)  in slot n+Y. In case the gap Y is smaller than K_offset, the simplest way is that the UE skips the RO in slot n+Y and selects the next RO in slot n+Z, where Z is greater than K_offset.  Another way is that the UE skips the RO in slot n+Y and selects the next RO in slot n+W, where W is greater than the UE autonomous TA. However, the gNB cannot know the UE autonomous TA which is needed to receive the RACH unless the UE reports it. Both options are possible. UE TA report could have other benefits as discussed in Section 4.  
Proposal 8: On receiving PDCCH order in slot n, the UE selects the next RACH Opportunity after
· K_offset as broadcast by the gNB.
· UE autonomous TA
 

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
Observation 1: Configuration of a beam-specific Koffset requires beam-specific K_offset to be broadcast on SIB increases system information overhead in satellite cell with large number of beams and is trade off between UL scheduler flexibility in initial access and SIB overhead.
Proposal 1: The value of K_offset can be re-configured after RRC connection setup based on UE-specific autonomous TA report.
Proposal 2: The UE needs to at least report its autonomous TA to the gNB in Message 3 during initial cell access. 
Proposal 3: After initial access, the UE-specific TA can be maintained in two ways:
· gNB triggers an autonomous TA report from the UE
· UE initiates report autonomous TA report   
Proposal 4: In the case where the downlink and uplink frame timing are assumed to be aligned at the satellite, on receiving a MAC CE command on PDSCH in DL slot n to indicate an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where 
· TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
· kmac is the feeder link RTD between gNB UL slot and corresponding gNB DL slot.
Proposal 5: In case of TDD, K1 range is increased to 32 with indication of INTEGER (0..31) in dl-DataToUL-ACK field in PUCCH-Config.
Proposal 6: The network configures timeReferenceSFN-r16 to sfn512 in ConfiguredGrantConfig IE for Configured Grant Type 1in NR NTN.
Proposal 7: Confirm the working assumption for Configured Grant Type 2 in RAN1#103e as agreement
· 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.
Proposal 8: On receiving PDCCH order in slot n, the UE selects the next RACH Opportunity after
· K_offset as broadcast by the gNB.
· UE autonomous TA
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