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Introduction
[bookmark: _Hlk510705081]At RAN #86 in December 2019 a work item for NTN was agreed (RP-193234,[1]). The normative activities include development of specifications for transparent payload-based LEO. In this document we discuss aspects related to DL-UL timing relations for NTN operation of NR. During RAN1#104-e this topic was discussed, and the following agreements and decisions were reached:
Agreement:
Update of K_offset after initial access is supported

Agreement:
Confirm the following 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.
 
Agreement:
Update of K_offset after initial access is supported

Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Discussion
K_offset signaling: Beam Level vs Cell Level
In the previous RAN1 meeting, there were relevant discussions about the granularity of K_offset broadcasted to users before the Random-Access attempt. Some companies shared our view that this parameter should be broadcasted at cell level, whereas other companies argue that there may be an interest to have it informed at beam level.
In this document we will provide arguments in favour of cell level broadcast and provide an alternate solution that can achieve more flexibility, as desired by the companies that favour beam level signalling while at the same mitigating the associated drawbacks (overhead).    
3GPP specifications on the Synchronization Signal Block (SSB) allows up to 64 beams to be transmitted per cell, with flexible Random-Access opportunities flexibly mapped onto these beams. Because of 3GPP design principles it is not possible to have different System Information Blocks transmitted in each beam. Therefore, in case a beam specific configuration is applied, a list up to 64 entries need to be broadcasted, depending on the number of beams in the network. 
Moreover, the agreements indicate support for updating K_offset after initial update, which means the signalling overhead may be limited to a single transmission (Random Access Message 3). Further updating the value of K_offset for a single UE could rely on MAC-CE.
Observation 1: Beam level signalling of K_offset in SIB either will require breaking with design principles of SIB or introduce signalling overhead that is significantly increasing with the number of NR-beams used. 
Observation 2: Considering support for UE-specific K_offset updates, the overhead introduced for NR-beam level signalling will produce limited benefit in the network. 
Proposal 1: RAN 1 should support only cell level signalling of K_offset in SIB  

Alternatives to beam level signaling of K_offset
In spite of the disadvantages posed by beam level signaling of K_offset, in the last meeting, several companies still argued that the network could benefit to have more flexibility for user allocation, specially in very large coverage areas. However, assuming the purpose of  K_offset is to compensate for the extra latency in the physical air interface, another drawback of the beam level signaling is that even for large coverage areas, the set of needed “k offset values” is relatively small compared to the maximum number of beams. Figure 1 shows the differential delay, measured as integer part of slots in relation to the satellite nadir, in a coverage area of approximately 1700 km diameter for a satellite at a height of 600 km. For the sake of the argument, the most extreme case was assumed for the slot duration, i.e., the SCS of 120 kHz is used as it gives the smallest slot duration (0.125 ms). 
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[bookmark: _Ref65838745][bookmark: _Ref65771763]Figure 1 Differential delay calculation, measured in integer part of slots for a coverage area of approximately 1700 km diameter, for a satellite at a height of 600 kms passing by over Berlin. For the slot duration, the calculation assumes a subcarrier spacing of 120 kHz.
Even if such large area is covered by only one cell with multiple beams, and using a very extreme design, at most 13 values of offset are needed to cover such area. It means that in a list of potentially 64 beams, there will be significant repetition of same K_offset across multiple beams. 
The value of K_offset that the UE should apply could be provided during the random access procedure. That is, by using the information content in Msg2 (the Random Access Response) to indicate which K_offset to apply for the transmission of Msg3 during the random access procedure. According to Section 6.2 in [1], the Random Access response is formed by 7 octets as depicted in Figure 2. This is a succinct format which does not contain any space left for additional signaling.
Therefore, in order to be able to indicate the K_offset to use for Msg3 transmission, we would most likely have to apply implicit signaling of the K_offset value using the existing fields. As the timing advance command is intended for compensation of the time misalignment, this cannot be utilized for additional indication related to K_offset. However, there are other fields that are under the gNB control and may potentially be used for this purpose:
a) Option A: the frequency allocation in the UL grant 
b) Option B: the time allocation in the UL grant
c) Option C: the temporary C-RNTI.  
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[bookmark: _Ref65839140]Figure 2. Random Access Response content [1]
 
The frequency allocation in the UL grant is defined by 14 bits and follows the procedure described in clause 6 in [3]. The 14 bits are mapped into a RIV (resource indication value), a unique number that defines the starting resource block () and the length of the allocation (). To maintain the RAR format constant, regardless of the bandwidth, the 14 bits are kept for all bandwidth sizes. 
The frequency allocation for the RAR may be used to convey a differential K_offset, if the system bandwidth is split into parts associated with different frequency offsets. For example, consider a scenario, where the K range has to be expanded to allow up to 6 slots of K_offset. One way to achieve that is to assign a different offset for different  positions, as depicted in Figure 3. In this example:
· K_offset 1 = 0 slot
· K_offset 2 = 1 slot
· K_offset 3 = 2 slots on;
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[bookmark: _Ref68592867]Figure 3 Example of Frequency Domain Assignment of TA offsets.

By knowing the position of the  the UE can directly determine the K_offset to be applied in addition to the K_offset in the SIB, providing more flexibility to the user. Thus, it is the  which defines the K_offset.
Conversely, a similar proposal may be made for the time allocation present in RAR. 
Observation 3: Providing K_offset in the frequency (or time) domain allocation provided in the UL Grant of the RAR message require small signalling overhead in SIB: number of partitions and offset between consecutive partition in number of slots. 
Observation 4: Providing K_offset in the frequency (or time) domain allocation allows for much more flexibility than Beam Level allocation, as it can be UE-specific already from Msg3 in the Random-Access Procedure
Proposal 2: RAN 1 to consider implicit signalling of differential K_offset in the time/frequency values of the UL scheduling in the RAR as an alternative to explicit NR-beam level signalling in the SI.
Another possibility is to convey a differential K_offset implicit in the Temporary C-RNTI. The temporary C-RNTI, assigned by the RAR, can assume hexadecimal values in the 0001–FFEF ([4] Table 7.1-1). It is possible to define subsets of this range of values to different K_offsets. 
Proposal 3: RAN 1 to consider implicit signalling of differential K_offset in the temporary C-RNTI in RAR as an alternative to explicit NR-beam level signalling in the SI.



Updating of K_offset in the Broadcast signaling due to satellite movement
In previous contributions [5]and discussions, it was raised that due to the satellite movement, the pre-initial-access value of K_offset needs to be subjected to updates, such that it can account for optimized values in different orbital positions of the satellite from the earth point of view. However, because of the nature of the satellite movement, the evolution of K_offset might be pre-planned, which means it can be designed to be adjusted in specific points in time. 
This is possible to achieve already in current specifications by using the modificationPeriodCoeff parameter in the DownlinkConfigCommon structure [4], combined with SI modification change information. The modificationPeriodCoeff might define a modification period for the SI, m= 2, 4, 8 or 16 defaultPagingCycles. And the specification defines “the modification period boundaries are defined by SFN values for which SFN mod m = 0, where m is the number of radio frames comprising the modification period.”
Proposal 4: K_offset updates in the SI is left for implementation using the modification period for SI. 

Updating of individual/group K_offset after initial access
Regarding the previous agreement: “Update of K_offset after initial access is supported”, this can be achieved either in a individual (UE) manner or in a group (e.g. beam, etc) manner. There are several low-load signalling that can be used to convey the update information to the user, the most logic ones being the usage of a new MAC-CE structure or a RRC message. However, because the K_offset is used for synchronization, both, UE and gNB need to have the same understanding at every use of it. As RRC procedures do not have a pre-scheduled time where the new convention should be adopted, this may not be so smooth to achieve via RRC. Moreover, K_offset is a MAC parameter related to MAC procedures. For these reasons, we would prefer the K_offset values updates to be provided via MAC-CE.

Proposal 5: Updates on individual K_offset values are provided by MAC-CE
Proposal 6: A new MAC-CE message needs to be designed for covering per-UE individual K_offset updates

 RA response window extension/ postponement 
The random access response window is used by the UE to monitor for the response of the random access attempt by the UE. The objective is to have a time-window where the UE can monitor for the response, and assume a failed attempt if no respose is received in the time window. 
The maximum length of the window is 10 ms for use of the 4-step RACH procedure in licensed spectrum, and in NTN the RTT alone can consume most of or the entire window. Therefore, an extension or, preferably, a postponement to the RA response window can be used to maintain compatibility with previous specifications. 
For the most optimized of UE energy in monitoring for RA response, UE should only start RA response window at earliest physical realistic instance of DL reception, as the UE will not have any benefit of attempting to receive any DL data until it is physically possible. It is assumed that any UE attempting to access the NR over NTN would know that NTN operation is assumed, and would hence be able to assess the minimum propagation delay for any response to a random access preamble transmission.
Proposal 7: UE could only start ra-ResponseWindow at earliest physical realistic instance of DL reception.
In the scenarios, where the UE estimates (pre-compensates) for the time delay in relation to the gNB, before the random access attempt, and this estimation has good accuracy, i.e., it falls within the CP region of the preamble, the same pre-compensation can be used to postpone the start of the RA response window, as it corresponds to the RTT estimation.  
Proposal 8: In the scenarios where the UE pre-compensates for the time advance, in relation to the gNB, before the random access attempt, the same pre-compensation value can be used to postpone the start of the ra-ResponseWindow 

Conclusion
In this contribution we have presented our observations and proposals related to the time relations for NTN systems. These are as follows:
Observation 1: Beam level signalling of K_offset in SIB either will require breaking with design principles of SIB or introduce signalling overhead that is significantly increasing with the number of NR-beams used. 
Observation 2: Considering support for UE-specific K_offset updates, the overhead introduced for NR-beam level signalling will produce limited benefit in the network. 
Observation 3: Providing K_offset in the frequency (or time) domain allocation provided in the UL Grant of the RAR message require small signalling overhead in SIB: number of partitions and offset between consecutive partition in number of slots. 
Observation 4: Providing K_offset in the frequency (or time) domain allocation allows for much more flexibility than Beam Level allocation, as it can be UE-specific already from Msg3 in the Random-Access Procedure
Proposal 1: RAN 1 should support only cell level signalling of K_offset in SIB  
Proposal 2: RAN 1 to consider implicit signalling of differential K_offset in the time/frequency values of the UL scheduling in the RAR as an alternative to explicit NR-beam level signalling in the SI.
Proposal 3: RAN 1 to consider implicit signalling of differential K_offset in the temporary C-RNTI in RAR as an alternative to explicit NR-beam level signalling in the SI.
Proposal 4: K_offset updates in the SI is left for implementation using the modification period for SI. 
Proposal 5: Updates on individual K_offset values are provided by MAC-CE
Proposal 6: A new MAC-CE message needs to be designed for covering per-UE individual K_offset updates
Proposal 7: UE could only start ra-ResponseWindow at earliest physical realistic instance of DL reception.
Proposal 8: In the scenarios where the UE pre-compensates for the time advance, in relation to the gNB, before the random access attempt, the same pre-compensation value can be used to postpone the start of the ra-ResponseWindow 
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