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1 Introduction
In recent RAN1 meetings, the following was agreed on timing relationship enhancements [1-3]:

From RAN1 #102-e
Agreement:
For Koffset used in initial access, the information of Koffset is carried in system information. 
· FFS implicit and/or explicit signaling of Koffset in system information.
· FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.

From RAN1 #103-e
Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

From RAN1 #104b-e
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

Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.

In this contribution, we provide our views on 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 Configuration of K_offset
The general solution to transmission timing relationships has converged to introducing a transmission timing offset K_offset and applying it to modify any NTN timing relationships needing enhancement. In RAN1#102-e meeting, it was agreed that the K_offset required for initial access shall be broadcast by the network to the UE in the SI. This can be done explicitly (for example, the SI includes an actual K_offset parameter) or implicitly (for example, the UE calculates the K_offset from other parameters configured by the network for other uses). In RAN1#102e, the issue of implicit or explicit configuration was left for further studies. In RAN1 #104b-e meeting, two options for determination of cell-specific K_offset were agreed. In this contribution we share our thoughts on the benefits of implicit configuration of K_offset.
Explicit signalling is a simpler method than implicit. In explicit signalling, the gNB configures the K_offset value(s) to UEs via the broadcast system information. However, this needs at least one additional signalling parameter K_offset in the SI. Furthermore, explicit signalling implies that the K_offset should include the RTT of service link plus the RTT between serving satellite and reference point. This would represent a large signalling overhead for the system information field.
On the other hand, implicit signalling can use the common timing offset  which is to be used for compensating the common delay on a per beam or per cell basis to calculate the K_offset. At RAN1#103-e, it was agreed that the network may broadcast the common timing offset value . K_offset should be composed by the RTT of service link and the RTT between serving satellite and reference point. This means that part of K_offset values can be calculated from the  because the  is the propagation time between the satellite and reference point. So, we propose that the K_offset be split into two parts with the implicitly signalled part calculated from the common timing offset and the explicitly signalled part representative of the service link RTT. This would reduce the signalling overhead due to K_offset signalling in the SI.

Observation 1: Part of K_offset value can be calculated from the common timing offset .
Proposal 1: Part of K_offset value should be implicitly derived by calculation at the UE from the .
For example, K_offset value can be calculated from equation (1).
	K_offset = (  Tc) / (slot duration) + K_offset_service_link			(1),
where K_offset_service_link is signalled by network in system information. From the above discussion, we are in support of signalling a first offset value and a second offset value for determination of cell-specific K_offset in system information which is option 2 of agreement in RAN1 104b-e. Implicitly signalling of the first offset value will reduce signaling overhead. 
Proposal 2: RAN1 should support to signal a first offset value and a second offset value for determination of cell-specific K_offset in system information.
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 corresponding 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 scrambling 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 cases, the calculation of initialisation values for the generators of required DM-RS and scrambling sequences for all UL signals and channels would therefore 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 2: It is desirable to minimise the impact of timing relationship enhancements on gNB UL channel or signal processing.

Proposal 3: When enhancing relationships by K_offset extension, apply the extension before the TA.

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

Observation 1: Part of K_offset value can be calculated from the common timing offset .
Proposal 1: Part of K_offset value should be implicitly derived by calculation at the UE from the .
Proposal 2: RAN1 should support to signal a first offset value and a second offset value for determination of cell-specific K_offset in system information.
Observation 2: It is desirable to minimise the impact of timing relationship enhancements on gNB UL channel or signal processing.
Proposal 3: When enhancing relationships by K_offset extension, apply the extension before the TA.
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