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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

In RAN1#106e, the agreements related to timing relationship are as following:
[image: ]

In this contribution, we discuss the issues related to timing relationship in NTN.
2 Discussion
2.1 Signaling of K_offset
It is agreed that cell-specific K-offset is used in initial access, and K-offset can be updated after initial access. It is also further agreed that UE-specific K-offset can be updated by MAC CE, and whether it can be updated by RRC reconfiguration is FFS.
From our perspective, RRC signaling has large latency from signaling transmission to application of the signaling. MAC CE signaling has a smaller application latency, and the application time instance is explicitly defined in specification. So MAC CE signaling is more clear and suitable for NTN considering the large propagation delay in NTN, and RRC signaling to update UE-specific K-offset is not necessary.
Proposal 1: UE-specific K-offset update by RRC reconfiguration is not needed.

There is also discussion regarding whether the indication of K-offset is by a single value or by combination of two values. And the FL’s proposal is as following:
Companies are encouraged to rethink about their position and come back to this issue at the next RAN1 meeting, taking the following into account.
· The signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit.
· The ~1-bit saving might appear free, but comes at the cost of many disadvantages (more complexity for UE, more specification impact, more sources of inaccuracies, scheduling restriction, etc.)
· 1 bit saving in higher layer signaling is negligible.

From our perspective, Our first preference is two values considering signaling overhead reduction, but we are also fine with moderator’s proposal for simplicity. 
Proposal 2: Support K-offset indication with one value. The value corresponding to RTT between UE and reference point.
The K-offset is corresponding to the RTT between the UE and the reference point. A reference point is defined to be a position where DL TX and UL RX are aligned at gNB side. The reference point can be between UE and satellite or between satellite and gNB depending on configuration. In case that the reference point is between satellite and gNB, K-offset corresponding to the distance between UE and satellite and the distance between satellite and the reference point. During the discussion on uplink synchronization, it is agreed that a common timing offset will be broadcasted. The common timing offset corresponds to the RTT between satellite and a reference point. 
During the LEO scenario, there are two kinds of satellites: the satellite with earth fixed beam and the satellite with earth moving beam. Earth fixed beam means that with satellite moving, the satellite for a UE won’t change and the beam may be changed. Earth moving beam means that with satellite moving, the corresponding beam coverage area is also changed, so the satellite may change accordingly. 
For different satellite beams and different reference point positions, there are two options to update of K-offset:
· Option 1: Indication by a drift rate.
· Option 2: Indication by a coordinate of a position on earth.

For Option 1, the drift rate is corresponding to the change rate of the cell-specific K-offset or the beam-specific K-offset if supported. The drift rate can be corresponding to the RTT between UE and satellite or between UE and satellite. The selected K-offset to be used between DL reception and UL transmission is determined by an initial value, a drift rate and a timing information.
For Option 2, the position can be an earth center or beam center, and the RTT between UE and satellite is determined by the indicated position and satellite position. And the RTT between satellite and the reference point can be determined by the common timing offset discussed on the uplink synchronization agenda.

Proposal 3: Update of K-offset can be indicated by a drift rate or by indication of a coordinate of a position.
For earth moving beam, as the satellite moving will lead to change of the coverage area. It is preferred that multiple beam specific K-offset is maintained at the UE side, and the UE will be informed which K-offset to use for a time duration. The indication of the beam id to determine the beam-specific K-offset can be by explicit signaling or by implicit signaling based on associated RS of other RS/channels, e.g. the PDSCH QCL RS indicated in TCI state or the spatial relation info of the lowest indexed Coreset, etc.
Proposal 4: Support indication of beam specific K-offset.
Proposal 5: The beam specific K-offset can be indicated by an associated RS explicitly or implicitly.
2.2 Timing relationship enhancement for beam failure recovery
For the delay between PRACH and start of PDCCH monitoring, the specification is as following: 
“For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot [image: ] within a window configured by BeamFailureRecoveryConfig.”
From our perspective, slot n is a uplink slot, and slot n+4 is a downlink slot, so K_mac should be used to determine the delay between PRACH transmission and PDCCH monitoring. 
There are statements saying that beam failure recovery is not important/necessary for NTN network. However, from our perspective, beam failure recovery is an important feature for NR, it is better to be supported in NTN to make NTN attractive. Meanwhile, for a UE located in footprint edge between two NTN beams, beam failure recovery is necessary.
There are also statements saying that beamFailureRecoveryTimer can be as large as 200ms, so BFR will never be triggered as new beam configuration is already available. However, the large propagation delay in MEO can’t be absorbed by the 200ms timer duration. Meanwhile, purely relying on PDCCH beam configuration is risky. As there is already BFR procedure in NR system, we prefer it kept for backward compatibility.
Proposal 6: The timing relationship between PRACH transmission and start of PDCCH monitoring in beam failure recovery is 4+K_mac.
2.3 PDCCH ordered PRACH
The timing relationship for PDCCH ordered PRACH is already agreed by adding K-offset. There are two FFS points. The first one is whether cell-specific or UE-specific K-offset should be used. Our view is that cell-speicific K-offset is preferred as there may be lost of uplink synchronization, and cell-specific K-offset is more robust.
Proposal 7: Cell specific K-offset is used for PDCCH ordered PRACH.
There is also discussion on range and SCS for K-offset/K-mac for different scenarios. As LEO/MEO/GEO corresponds to different propagation delay for both service link and feeder link in NTN network. We prefer different range of K-offset and K-mac for different scenarios. Regarding the SCS for K-offset and K-mac, we still prefer it is related to frequency band rather than scenarios. The reason is that SCS may be related to requirement on frequency synchronization, so different SCS for LEO and GEO with same frequency band may suffer from frequency misalignment.
Proposal 8: Support different range of K-offset and K-mac for different scenarios.
Proposal 9: SCS for K-offset and K-mac is related to frequency band rather than scenarios.
3 Conclusion
In this contribution, we discussed the issues related to NTN timing relationship, and our proposals are as following:
Proposal 1: UE-specific K-offset update by RRC reconfiguration is not needed.
Proposal 2: Support K-offset indication with one value. The value corresponding to RTT between UE and reference point.
Proposal 3: Update of K-offset can be indicated by a drift rate or by indication of a coordinate of a position.
Proposal 4: Support indication of beam specific K-offset.
Proposal 5: The beam specific K-offset can be indicated by an associated RS explicitly or implicitly.
Proposal 6: The timing relationship between PRACH transmission in beam failure recovery and start of PDCCH monitoring is 4+K_mac.
Proposal 7: Cell specific K-offset is used for PDCCH ordered PRACH.
Proposal 8: Support different range of K-offset and K-mac for different scenarios.
Proposal 9: SCS for K-offset and K-mac is related to frequency band rather than scenarios.
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Agreement:        The UE - specific K_offset can be  provided and  updated  by network with   MAC CE .      FFS:  UE can be provided  and updated  by networ k with a UE - specific K_offset in RRC reconfig uration   o   FFS: Details on whether and how the two solutions work together       Agreement:   For   random access procedure initiated by a PDCCH order received in downlink slot  , UE determines the  next availab le  PRACH occasion after uplink slot    to  transmit the ordered PRACH.      Note: The UE’s TA is based on the RAN1#104bis - e agreement on Timing Advance applied by an NR NTN UE  given by    , where    is assumed  for PDCCH ordered P RACH.      FFS:  W hich value of    shoul d be applied      FFS:  W hether the    timing relationship is impacted by UE behavior within or after the validity  duration.       Agreement:   The unit of K_offset is number of slots for a given subcarrier spaci ng.      FFS: one subcarrier spacing value or diff erent subcarrier spacing values for different scenarios.     Agreement:   The information of K_mac is carried in system information.     Agreement:   The unit of K_mac is number of slots for a given subcarrier spacing.      FF S: one subcarrier spacing value or different  subcarrier spacing values for different scenarios.     Agreement:   In the estimate of UE - gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra - ResponseWindow and msgB - ResponseWindow,   the UE’s TA is equal to    with  .     Agreement:   For defining value range(s) of K_offset, down - select one option from below:      Option 1: One value range of K_offset covering all scenarios.      Option 2: Different value ranges of K_offset fo r different scenarios.  
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