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Introduction
In this contribution, we share our views on timing relationship enhancements for NR NTN.

K_offset in initial access 

K_offset value determination
In RAN 104b_e meeting, the following agreement on cell-specific K_offset in system information had been achieved [1].
	Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link


For Option 1, one offset value indicated by system information for K_offset is expected to cover the RTT of service link plus the RTT between serving satellite and reference point. It is a very simple way of indicating cell-specific K_offset in system information and can provide a certain configuration flexibility. Furthermore, Option 1 would be sufficient for both DL-UL alignment and DL-UL non-alignment cases.
[bookmark: _GoBack]For Option 2, cell-specific K_offset is determined by two offset values, the first offset value is determined by common TA, and the second offset value is expected to cover RTT of service link winch is indicated by system information. In RAN1#105e, the following FL recommendation is made [2].
	Moderator recommendation on Issue #2:
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.)
· [bookmark: OLE_LINK3][bookmark: OLE_LINK12]1 bit saving in higher layer signaling is negligible.


The signaling overhead saving in Option 2 compared with Option 1 is only about 1 bit, 1 bit saving in higher layer signaling is negligible. Furthermore, K_offset and Common TA are two separate parameters. If the value of K_offset is determined by common TA, it will limit the flexibility of network configuration.
Therefore, in our view, one offset value indicated by system information for K_offset is cover the RTT of service link plus the RTT between serving satellite and reference point should be supported.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: One offset value indicated by system information for K_offset is cover the RTT of service link plus the RTT between serving satellite and reference point.

Beam-specific K_offset in initial access
In RAN1#103e, it was agreed that at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported. Beam specific K_offset configured in system information and used in initial access is FFS [3].
	Agreement:
· 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.


Since a cell in the NTN scenario may contain multiple beams and the coverage area of the cell is relatively large, the cell-specific value of K_offset configuration will bring more serious end-to-end latency. In this case, beam-specific values of K_offset configuration can achieve a good trade-off between end-to-end latency and signaling overhead. Since the association between SSB, BWP and beam is unclear, how beam-specific values of K_offset will be signaled, in one cell-specific SIB or separate beam-specific SIBs and which SIB could be further discussed w.r.t overhead and impact to specification. 
Proposal 2: Beam-specific values of K_offset configuration for initial access should be supported.

Updating Koffset after initial access
In TR 38.821, the maximum satellite beam size can be up to 3500 km for GEO and 1000 km for LEO, resulting in up to 10.3ms for GEO and 3.2ms for LEO maximum differential delay within a satellite beam. Even with one beam mapped to one cell, in such a large cell, the RTT values of different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO. If the UE continues to use the cell specific or beam specific K_offset value broadcast by the system information after initial access, it will cause unnecessary scheduling delay, especially in the scene of earth fixed beam.
In RAN1#104b_e, it was agreed that updating K_offset after initial access can be achieved through RRC reconfiguration or MAC CE [1].
	Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options


Considering RTT may be rapidly changed in LEO scenario, frequent K_offset update with dedicated RRC signaling/MAC CE is not desired. Furthermore, this method needs each UE report its TA value to gNB and requires gNB to monitor each UE’s TA change. Therefore, it will bring serious signaling overhead and increase UE power consumption. How to avoid frequent K_offset update with dedicated RRC signaling/MAC CE is an important issue should be considered. One simple way is that network configures a value list of K_offset, e.g., {K0, K1 K2} and an update cycle (P) through RRC configuration/reconfiguration based on UE location and satellite ephemeris. Then, the UE sequentially determines the current value of K_offset from the value list of K_offset according to the update cycle (P), as shown in the figure below.


Figure 2: Example of UE updates the value of K_offset 
Based on this scheme, the serious signaling overhead caused by frequently updating the K_offset value can be avoided.
Proposal 3: The method to avoid frequent K_offset update with dedicated RRC signaling/MAC CE should be considered.

MAC CE timing relationships
In RAN1#105_e, the following agreement on MAC CE timing relationships has been achieved [4].
	Agreement:
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 , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 



The K_mac represents the RTT between the RP and gNB. Based on the loaction of the reference point, there are the following 3 case.
· Case 1: When the reference point is configured at the satellite, the value of unalignment will be equal to the feeder link RTT, i.e., the value of K_mac  is equal to the feeder link RTT.
· Case 2: When the reference point is configured at feeder link, the value of unalignment will be equal to the RTT between the RP and gNB, i.e., the value of K_mac  is equal to the RTT between the RP and gNB, which is smaller than the feeder link RTT.
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Case 3: When the reference point is configured at service link, the value of unalignment will be equal to the RTT between the RP and the satellite plus the feeder link RTT, i.e., the value of K_mac is equal to the RTT between the RP and the satellite plus the feeder link RTT, which is larger than the feeder link RTT.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]For Case 3, if the reference point is configured at service link, negative common TA signalling need to be introduced which should be avoided. Reference point at service link should be deprioritized. Therefore, the maximum value of unalignment is equal to the feeder link RTT, where the reference point is configured at the satellite. Since the TA values over service link and feeder link will change with the movement of the satellite, time-varying value of unalignment should be supported.
Observation 1: The maximum value of unalignment is equal to the feeder link RTT, where the reference point is configured at the satellite.
Proposal 4: Time-varying value of unalignment should be supported.

PDCCH ordered PRACH
In RAN1#105_e, the follow issue on PDCCH ordered PRACH had been discussed [2].
	Initial proposal 10.2 (Moderator):
On the timing relationship of PDCCH ordered PRACH:
1) Option 1: Introduce K_offset to enhance the timing relationship of PDCCH ordered PRACH.
2) Option 2: Conclude that enhancing timing relationship of PDCCH ordered PRACH is not needed.
3) Option 3: Proponents of enhancement are encouraged to have offline discussions with other companies that are negative to the enhancement.


From specification perspective, there is no additional indication for gNB to determine the corresponding PRACH occasion. The network can determine some candidate ROs (few RO candidates) based on some prior knowledge. Furthermore, current specification has not clear timing limitation for PDCCH order PRACH resource, UE can select next available resource for PRACH transmission based on autonomous TA estimation and/or common TA indicated by network in NR NTN. In this sense, PRACH detection can be left as network implementation to avoid excessive blind detection and no specification changes are required.
In previous meetings, it has been agreed to 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.
· The timing relationship of HARQ-ACK on PUCCH to MsgB.
· The adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
Considering that K_offset has been introduced to enhance the timing relationships involve DL-UL timing interaction, in order to reduce blind detection time and ensure PRACH detection performance, it is also acceptable to introduce a timing offset (i.e., K_offset) explicitly or implicitly for PDCCH ordered PRACH. 
Proposal 5: Introducing K_offset to enhance the timing relationship of PDCCH ordered PRACH should be supported.

Conclusion
As summary, we have the following proposals.
Proposal 1: One offset value indicated by system information for K_offset is cover the RTT of service link plus the RTT between serving satellite and reference point.
Proposal 2: Beam-specific values of K_offset configuration for initial access should be supported.
Proposal 3: The method to avoid frequent K_offset update with dedicated RRC signaling/MAC CE should be considered.
Proposal 4: Time-varying value of unalignment should be supported.
Proposal 5: Introducing K_offset to enhance the timing relationship of PDCCH ordered PRACH should be supported.
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