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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description is updated in [1]. One objective is to specify timing relationship enhancements for NTN. The discussion summary on this topic at RAN1#103e can be found in the feature lead summary [2], and the agreements made can be found in the Appendix.
In this contribution, we discuss the remaining issues of timing relationship enhancements for NTN.
2	On the signaling of 
2.1	 in initial access
At RAN1#102e, it was agreed that for  used in initial access, the information of  is carried in system information. 
One open issue is about how to signal the information of , i.e., the choice of implicit and/or explicit signaling. Our view is that explicit signaling is clean and more forward compatible. How to properly encode  with the consideration of other potential NTN related parameters can be discussed at a later stage. 
[bookmark: _Toc61719005]The value of  used in initial access is signaled explicitly in system information. How to properly encode  with the consideration of other potential NTN related parameters can be discussed at a later stage.
At RAN1#103e, it was agreed that 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. The open issue is whether to support the configuration that allows each beam in a cell to use a beam-specific  value. It is true beam-specific  value provides finer granularity. However, such fine granularity is not necessary for initial access. Further, currently system information is repeated across beams and is cell specific. It is not desirable to deviate from this to beam-specific system information. Sticking to this principle, a list of  values needs to be repeated across beams. Considering that an NR cell may support many beams (e.g. up to 64 beams in FR2), broadcasting a list of many  values in system information would result in much signaling overhead.

2.2	 after initial access
The value of  used in initial access is cell specific or at most beam specific. It needs to be used by all the UEs in the cell or beam. The NTN beam size can be quite large. TR 38.821 captures that the maximum satellite beam size (edge-to-edge) can be up to 3500 km for GEO or 1000 km for LEO, resulting in maximum differential delay of up to 10.3 ms for GEO or 3.2 ms for LEO within a satellite beam. Note that this maximum beam size is also the maximum cell size according to TR 38.821. In other words, if a cell is composed of multiple beams, then the size of each beam should be smaller than 3500 km for GEO or 1000 km for LEO, and the total size of the beams in the cell should not exceed 3500 km for GEO or 1000 km for LEO.

[bookmark: _Toc61718999]According to TR 38.821, the maximum satellite beam size (edge-to-edge) can be up to 3500 km for GEO or 1000 km for LEO, resulting in maximum differential delay of up to 10.3 ms for GEO or 3.2 ms for LEO within a satellite beam.
[bookmark: _Toc61719000]According to TR 38.821, the maximum satellite beam size is also the maximum cell size, regardless of whether a cell consists of a single beam or multiple beams.
[bookmark: _Toc61719001]The cell/beam Koffset does not consider the RTT values of different UEs.

In such large NTN cells, the RTT values of different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO. Table 1 translates the max differential RTT into number of slots under different SCS values. The two notes also point out the value ranges of K1 and K2, which obviously cannot cover the differential RTT ranges expected in NTN.
[bookmark: _Ref51783312]Table 1: Maximum differential RTT in terms of number of slots
	Max differential RTT
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	GEO: 20.6 ms
	20.6 slots
	51.2 slots
	102.4 slots
	204.8 slots

	LEO: 6.4 ms
	6.4 slots
	12.8 slots
	25.6 slots
	51.2 slots

	Note 1: K1 is in the range of 1, …, 8 slots for DCI 1_0, and 0, …, 15 slots for DCI 1_1.
Note 2: K2 is in the range of 0, …, 32 slots.



To handle the large differential delay with an NTN cell, it is necessary to have the possibility of reconfiguring  to a value tailored to the UE after RRC connection setup. 
· Figure 1 provides an illustration that using cell specific  based on the smallest RTT (and thus smaller than UE’s TA) would make K1/K2 value ranges smaller than differential delay, thereby resulting in no usable K1/K2 values.
· Figure 2 provides an illustration that using cell specific  based on the largest RTT (and thus larger than UE TA) would make a set of slots equal to differential delay become non-schedulable. The number of non-schedulable slots is up to 204.8 slots for GEO and 51.2 slots for LEO. This is a significant waste of radio resource.
[image: ]
[bookmark: _Ref51784730]Figure 1: An illustration of timing relationship using cell specific  smaller than UE TA.
[image: ]
[bookmark: _Ref51785374]Figure 2: An illustration of timing relationship using cell specific  larger than UE TA.
While the limitations of using cell specific  may be acceptable for non-unicast transmission, they impose unnecessary scheduling restriction or lead to waste of radio resource for unicast transmission, as illustrated in Figure 1 and Figure 2. So unless the ranges of K1 and/or K2 are significantly extended AND more bits in DCI are used to select more K1 and/or K2 values (currently, TDRA bit field is up to 4 bits and PDSCH-to-HARQ_feedback timing indicator field is 3 bits), the scheduling flexibility is restricted. In line of this, it is beneficial to update cell/beam specific Koffset after initial access. 

[bookmark: _Toc61719002]Maximum differential RTT in a beam/cell can be up to 204.8 slots for GEO and 51.2 slots for LEO, which are much larger than the current value ranges of K1 and K2.
[bookmark: _Toc61719003]Unless the ranges of K1 and/or K2 are significantly extended AND more bits in DCI are used to select more K1 and/or K2 values, the scheduling flexibility is much restricted if Koffset is cell/beam specific.
[bookmark: _Toc61719004]It is beneficial to update cell/beam specific Koffset after initial access. 

[bookmark: _Toc61719006]The value of  can be reconfigured after RRC connection setup to be UE specific by RRC reconfiguration.


Conclusion
In the previous sections, we discuss timing relationship enhancements for NTN. We made the following observations: 
Observation 1	According to TR 38.821, the maximum satellite beam size (edge-to-edge) can be up to 3500 km for GEO or 1000 km for LEO, resulting in maximum differential delay of up to 10.3 ms for GEO or 3.2 ms for LEO within a satellite beam.
Observation 2	According to TR 38.821, the maximum satellite beam size is also the maximum cell size, regardless of whether a cell consists of a single beam or multiple beams.
Observation 3	The cell/beam Koffset does not consider the RTT values of different UEs.
Observation 4	Maximum differential RTT in a beam/cell can be up to 204.8 slots for GEO and 51.2 slots for LEO, which are much larger than the current value ranges of K1 and K2.
Observation 5	Unless the ranges of K1 and/or K2 are significantly extended AND more bits in DCI are used to select more K1 and/or K2 values, the scheduling flexibility is much restricted if Koffset is cell/beam specific.
Observation 6	It is beneficial to update cell/beam specific Koffset after initial access.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The value of  used in initial access is signaled explicitly in system information. How to properly encode  with the consideration of other potential NTN related parameters can be discussed at a later stage.
Proposal 2	The value of  can be reconfigured after RRC connection setup to be UE specific by RRC reconfiguration.
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Appendix: RAN1 agreements on timing relationships

RAN1#102-e:
Agreement:
· 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.

Agreement:
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.


RAN1#103-e:
[bookmark: _Hlk56149827]Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.
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.

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.
Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.
Agreement:
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.
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K1/K2 value range smaller than differential RTT,
leading to no usable K1/K2 values
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