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1 Introduction
In recent RAN1 meetings, the following agreements and working assumption were made on timing relationship enhancements [1]:

Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms
MEO: [93] – [395] ms
GEO: [477] – [542] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.



Working assumption:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
· FFS: Additional enhancement to optimize the signalling overhead.
· FFS: Ephemeris format bit allocations for HAPS

In this contribution, we provide our views on value range and calculation of timing relationship offsets. In timing relationships in which the transmission timing of an UL channel or signal is extended by K_offset compared to legacy, there is a question whether the timing is extended assuming a TA value of zero or not. This has implications on the processing at the gNB. In this contribution we explain the issue and make some proposals.
2 Value range of K_offset
In RAN1#106b-e meeting, the options of value range(s) of K_offset were agreed.
Option 1 which is one value range of K_offset covering all scenarios is a simpler method than option 2. This means that the range of K_offset is 0ms to the maximum round trip delay of GEO scenario which is 542ms. Considering the reference subcarrier spacing value is 15kHz for the unit of K_offset in FR1, 10bits are needed to signal K_offset. On the other hand, in Option2, LEO needs 6bits, MEO needs 9bits and GEO needs 7bits according to last meeting agreement [1]. Therefore, the overhead in number of bits between Option 1 and Option 2 is  4, 1 and 3 bits for LEO, MEO and GEO, respectively. 
Option 2 which is to signal different value ranges of K_offset for different scenarios can therefore reduce the overhead to fit the range to each scenario. On the other hand, this option needs to define how to identify the appropriate range for K_offset. We think this can be done using the satellite ephemeris information. At RAN1#106-bis-e, a working assumption was made to support serving-satellite ephemeris format which includes the position of the satellite. Therefore, the UE can know the height of the orbit from the information. Although option 2 has additional specification impact because of this aspect of selecting the appropriate range for K_offset, it has the advantage of a lower overhead over option 1.
Proposal 1: RAN1 should approve the working assumption on serving satellite ephemeris format bit allocations for LEO/MEO/GEO.
Proposal 2: RAN1 should support different value ranges of K_offset for different scenarios.
3 Application of K_offset
In many timing relationship enhancements for NTN, the transmission time of an UL signal or channel which should be at slot or subframe n+k in legacy NR is extended by K_offset – where n is the slot or subframe number of the relevant DL channel and k is the transmission delay for the UL channel or signal in response to the DL channel. 
We need to decide whether the extension is done assuming TA = 0 or not.
· With zero TA assumption – the UL signal or channel is considered to be transmitted in slot or subframe (n+k+K_offset) and then this transmission is time-advanced by the actual current value of the TA. Therefore, any DM-RS or scrambling code generator initialisations etc needed for the UL transmission and for which the generated values are dependent on the subframe or slot number in which it is transmitted will be generated for slot or subframe (n+k+K_offset). When the UL and DL frames are aligned at the gNB, the transmission will arrive at the gNB in UL subframe or slot (n+k+K_offset) and so the generation of any required DM-RS or descrambling codes would be the same as in legacy NR. When the UL and DL frames are not aligned at the gNB, the gNB would simply offset its UL slot or subframe counter by a fixed offset corresponding to the difference in UL to DL frame timing. Therefore, in both UL/DL frame aligned and not aligned cases, the calculation of initialisation values for the generators of required DM-RS and descrambling sequences for all UL signals and channels would be the same as in legacy NR.
· Without zero TA assumption - the UL signal or channel is considered to be transmitted in slot or subframe (n+k+Koffset-TA).  Therefore, any DM-RS or scrambling generator initialisations etc needed for the UL transmission and for which the generated values are dependent on the subframe or slot number in which it is transmitted will be generated for slot or subframe (n+k+Koffset – TA). This can be thought of as extending the transmission time by Koffset only after applying the TA. In this option, the gNB would have to offset its UL slot or subframe counter by an offset value which varies since it depends on both the TA and the difference in UL-DL frame timing. The calculation of initialisation values for generators for all required DM-RS and scrambling sequences for UL signals and channels would therefore have some differences from legacy NR.
Observation 1: It is desirable to minimise the impact of timing relationship enhancements on gNB UL channel or signal processing.

In RAN1#106e, this issue was also discussed for IoT NTN and the following conclusion taken:

Conclusion:
In IoT NTN the initialization of generators for scrambling codes for UL channels and DM-RS shall use the subframe number of the UL channel or UL signal that is indicated by the Koffset-modified timing relationship. 
NOTE: In the view of RAN1, this does not necessarily involve a specification change.

Observation 2: We think that at least a similar approach should be adopted for NR NTN.

Proposal 3: In NR NTN the initialisation of generators for scrambling codes for UL channels and DM-RS shall use the subframe number of the UL channel or UL signal that is indicated by the Koffset-modified timing relationship. 


4	Conclusions
In this contribution, we discussed our views on transmission timing enhancement calculation and application. We observed and proposed as follows:

Proposal 1: RAN1 should approve the working assumption on serving satellite ephemeris format bit allocations for LEO/MEO/GEO.

Proposal 2: RAN1 should support different value ranges of K_offset for different scenarios.

Observation 1: It is desirable to minimise the impact of timing relationship enhancements on gNB UL channel or signal processing.

Proposal 3: In NR NTN the initialization of generators for scrambling codes for UL channels and DM-RS shall use the subframe number of the UL channel or UL signal that is indicated by the Koffset-modified timing relationship. 
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