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Introduction
[bookmark: _Ref481671177]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. 
Configuration of Koffset   
RAN1#102e made the following agreements:
· 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.
· For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.
Moderator of e-mail discussions made the following recommendations in summary R1-2007323:
1. Whether extending value ranges of K1 and/or K2 is needed for LEO/GEO can be discussed together with Koffset signaling.
2. For the value of  used in initial access, a value of  is configured per beam or per cell in system information. FFS additional options.
3. The value of  can be updated after initial access. Details are FFS.
On proposals in 2) and 3) above, the following debating points were suggested by the moderator:
· Implicit vs. explicit signaling of Koffset in system information
· Explicit signaling is clean and more forward compatible. Implicit signalling avoids issue of redundancy/duplication in explicit signaling and thus prefer implicit signaling. For implicit signaling, the discussion would depend on progress on other topics such as TA in A.I. 8.4.2. Redundancy/duplication in explicit signalling could be reduced by proper encoding. This is FFS.
· Koffset in SIB1 vs. other SIB(s)
· This would depend on how NTN UE access procedure would be specified. Currently, NR UE reads SIB1 before access. It is not clear if all NTN related information (such as ephemeris, Koffset debated here, etc.) could fit in SIB1. If not, NTN UE would need to read additional SIB before access. This is FFS
· A cell specific Koffset value used in all beams of a cell vs. each beam in a cell uses a beam-specific Koffset value
· It is true beam-specific Koffset value provides finer granularity. However, some companies also point out that such fine granularity may not be necessary for initial access. This is FFS.
· How system information is broadcasted for beam specific Koffset value
· Currently system information is repeated across beams and is cell specific. It’s not desirable to deviate from this to beam-specific system information. With this principle, a list of Koffset needs to be repeated across beams. This is a bigger issue beyond Koffset and likely to be similar discussions for other parameters that will arise in Rel-17 NR NTN. 
· Updating Koffset value after initial access
· The majority acknowledge the need of this, details including restrictions are FFS.
Continue discussion on common assumptions at RAN1#103-e. 
Companies are encouraged to identify a basic set of assumptions that have design impact and provide input to RAN1#103-e.
The gNB has no knowledge of UE-specific RTT prior to initial cell access. The maximum RTT for a given beam for Koffset value needs to be used by the gNB to schedule UL grant of Msg3 for all UEs during initial cell access. This value of Koffset is beam specific and can be explicitly broadcast on SIB. SIB1 is read before initial cell access. Whether, SIB1 includes Koffset value or whether another NTN-specific SIB is used to broadcast the Koffset and other NTN-specific system information can be discussed at a later stage.  
Observation 1: It is not suitable to use cell-specific Koffset value in case on satellite cell with multiple beams, as the cell-specific maximum RTD could be significant larger that the beam-specific maximum RTD. There is no gain expected from SIB overhead if the the Koffset value is broadcast in each beam.  
Observation 2: Beam-specific Koffset value for multiple beams could be broadcast on same SIB to avoid need to read SIB carrying beam-specific Koffset value every time beam switching occurs.
Proposal 1:  Beam-specific Koffset corresponding to maximum RTD is broadcast on SIB for initial cell access. Whether Koffset is broadcast on SIB1 or on NTN-specific SIB is FFS. 
In  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, the time window covered by the differential RTT within the beam cannot be used for DL. As the UE acquires its TA autonomously to compensate satellite propagation delay before UL transmission, it seems reasonable that the UE reports its UE-specific TA to the gNB. This can be done as early as message 3 during initial cell access to allow gNB to schedule UL transmissions without DL and UL subframe collisions. This way allows higher flexibility for the gNB scheduler in FDD-Full Duplex. 
The TA report only needs to be sent to avoid subframe collision. It is sufficient if the TA report is reported by UE when its UE-specific RTD 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. 
Observation 3: UE autonomously acquired TA report can be sent with low periodicity to avoid DL-UL subframe collision issue – i.e. about every 20 seconds with numerology µ=0 and every 10 seconds with numerology µ=1. 
Proposal 2: UE reports its autonomously determined TA to the gNB. 
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Figure 1 TA reporting
Mechanisms currently defined for HD-FDD and TDD UE on which Symbols/Slots/Subframe are used for the UE transition between DL and UL need to be enhanced to support large TA in NTN systems. It is necessary to use Guard Period Around the start / end of UL transmission to allow RF re-tuning and symbol/slot alignment as illustrated in Figure 2. This allows to account for the lack of UE-specific TA knowledge by the gNB – i.e. between the time either the BS estimated the TA and indicated it to the UE, or the UE reported the TA to the BS, the actual value of the TA may change.
Proposal 3: Guard Period Around the start / end of UL transmission is configured.
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Figure 2 TA gap
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 Koffset signaling.
With 32 HARQ processes, it seems necessary that for numerology µ=1 the range of K1 and K2 are increased to avoid HARQ stalling in HD-FDD and TDD UE. These enhancements seem reasonable and are implicitly compatible with ATG.
Proposal 4: K1 range are increased to 32 with indication of INTEGER (0..31) in dl-DataToUL-ACK field in PUCCH-Config.
Proposal 5: K2 range are increased to 64 with indication of INTEGER (0..63) in PUSCH-TimeDomainResourceAllocation field in DCI .

MAC CE timing relationship
Moderator recommendation on Issue #3: MAC CE timing relationship
On MAC CE timing relationship, companies are encouraged to conduct more investigations and provide input to RAN1#103-e.
Companies are encouraged to analyze the above further with a focus on the following aspects:
· Whether the principle described above applies to all MAC CE’s in existing NR. 
· When TA becomes large in NTN, and DL timing and UL timing are aligned at gNB:
· How to modify the timing relationship?
· Does the modification need to be different depending on the type of MAC CE?
· When DL timing and UL timing are not aligned at gNB.
AT UE side, on receiving the MAC CE command in DL slot n, we have same understanding for the activation time of UL MAC CE and DL MAC CE of MAC CE as in moderator’s summary – i.e. 
· [UL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , 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.
· [DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about 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.
The MAC CE activation at the UE side will be delayed by at least the satellite propagation delay, since the MAC CE reception is delayed due to the satellite propagation delay. The UE shall assume that the MAC CE is valid after UL HARQ ACK is received at the gNB. The gNB does not send an explicit ACK following UL HARQ ACK, but can only re-send the MAC CE at the earliest opportunity. Figure 3 shows Options 1 and 2 for MAC CE activation timeline.
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Figure 3: Options 1 and 2 for MAC CE activation timeline
In Option 1, UE assumes MAC CE command is active X ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command. This is ambiguous and could be interpreted in two ways:
· Value of X does not depend on Koffset: the gNB does not yet know if UE received the MAC CE. There may be a different understanding between the UE and gNB if UE did not receive the MAC CE. In case MAC CE activation is for a new TCI state indicating configuration of BWP, reference signal, and QCL, this may lead to system failure.
· Value of X is now depending on Koffset, which may change depending on the type of constellation, orbit, beam with the cell, elevation angle and so on. 
We have preference for Option 2. UE assumes MAC CE command is active Y ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command, where Y = X +  . The network configures Koffset and X=3ms. There is still error case possible in case UE receives the MAC CE, but if gNB does not receive the UL HARQ ACK from UE. The gNB can re-send the MAC CE before the MAC CE command becomes active.   
Proposal 6: For the MAC CE activation timing, MAC CE command is active Y ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command, where Y = X +  and X = 3.

DCI 2_0 scheduled SFI
DCI Format 2_0 is used to provide the Slot Format Indicator (SFI) that defines a pointer towards a specific Slot Format Combination used for UE transmission pattern. There are up to 256 specified Slot Format Combinations. Specified Slot Formats are based on cycles of 14 symbols (1 slot) or a cycle of 7 symbols (half a slot). Slot Format 0 and 1 provides only DL symbols and UL symbols respectively and are used for FDD. Other Slot Formats provide a combination of DL symbols, UL symbols, and Flexible symbols and are used for Half-Duplex FDD. Slot format 255 is not determined by the Slot Combination Format and is instead preconfigured by RRC.   
The SFI is used for a group of UEs configured with the same SFI-RNTI used for scrambling CRC of DCI Format 2_0. The UEs in the UE group can decode the same PDCCH addressed by SFI-RNTI, where each UE in the UE group extract the SFI value relevant based on dedicated configuration (positionInDCI IE) to get the starting position in the UE transmission pattern. For obvious reasons, the staring symbol in the UE transmission pattern as indicated by the SFI in DCI Format 2_0 must be correct in NR. Failure to do this would most likely result in serious system issues with UE transmitting when they are supposed to receive, and vice cerci. 
The Slot Format Configuration starts during the slot which includes the DCI Format 2_0 transmission. The duration of the Slot Format Combination is defined by the number of Slot Formats included within the Combination. Its minimum duration is at least as long as the monitoring period of the DCI Format 2_0 to avoid gaps in the dynamic UL/DL configuration pattern. The Slot Format Configuration starts at the UE side will be delayed by at least the satellite propagation delay, since it is unavoidable that the DCI Format 2_0 carrying it is delayed due to the satellite propagation delay. Each UE in a UE group may experience different RTDs over the access link. Hence, the start of the Slot Format Configuration should be delayed by the maximum RTD.
Proposal 7: The SFI-index field value in a DCI format 2_0 is delayed by Koffset corresponding to maximum RTD in the beam.

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
Observation 1: It is not suitable to use cell-specific Koffset value in case on satellite cell with multiple beams, as the cell-specific maximum RTD could be significant larger that the beam-specific maximum RTD. There is no gain expected from SIB overhead if the the Koffset value is broadcast in each beam.  
Observation 2: Beam-specific Koffset value for multiple beams could be broadcast on same SIB to avoid need to read SIB carrying beam-specific Koffset value every time beam switching occurs.
Proposal 1:  Beam-specific Koffset corresponding to maximum RTD is broadcast on SIB for initial cell access. Whether Koffset is broadcast on SIB1 or on NTN-specific SIB is FFS. 
Observation 3: UE autonomously acquired TA report does not need to be sent by UE with high periodicity to avoid DL- Observation 3: UE autonomously acquired TA report can be sent with low periodicity to avoid DL-UL subframe collision issue – i.e. about every 20 seconds with numerology µ=0 and every 10 seconds with numerology µ=1. 
Proposal 2: UE reports its autonomously determined TA to the gNB. 
Proposal 3: Guard Period Around the start / end of UL transmission is configured.
Proposal 4: K1 range are increased to 32 with indication of INTEGER (0..31) in dl-DataToUL-ACK field in PUCCH-Config.
Proposal 5: K2 range are increased to 64 with indication of INTEGER (0..63) in PUSCH-TimeDomainResourceAllocation field in DCI .
Proposal 6: For the MAC CE activation timing, MAC CE command is active Y ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command, where Y = X +  and X = 3.
Proposal 7: The SFI-index field value in a DCI format 2_0 is delayed by Koffset corresponding to maximum RTD in the beam.
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