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Introduction
In RAN1#104b-e and RAN1#106-e, several agreements were achieved regarding the agenda item (AI) 8.4.1, timing relationship enhancement. Some of the achieved agreements and FL recommendations are listed below:

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
RAN1#106e: 

Moderator recommendation on Issue #1 – Coupling K_offset with common TA:
It is recommended that companies check each other’s comments, analyze the implications of coupling K_offset with common TA, and bring more inputs to the next RAN1 meeting. 
Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together
Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.
Agreement:
The information of K_mac is carried in system information.
Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.
Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.






Discussion 
In this contribution, we focus on the aspects of the signaling of  during the initial access when it is coupled with common timing advance (TA) and UE TA reporting. Two options for signaling of  are suggested in the RAN1#104b-e meeting. Option 1, in particular, assumes that one offset value is signaled, where the offset value expects to cover the RTT of the service link plus the RTT of the satellite to the reference point (RP) with respect to which UL and DL frames are aligned. The common understanding is that Option 1 explicitly signals the value of . On the other hand, Option 2 considers the signaling of two offset values. One offset value is expected to capture the RTT of the satellite to the reference point, while the second offset value takes the RTT of the service link into account. Here, the common understanding is that the first offset value is coupled with common TA. In the following, we focus on Option 2. 
Option-2 Implicit Signaling Design
The rationale behind Option-2 is to split the RTT between UE and RP into two parts, as mentioned above. First part (or first offset) captures the RTT between the satellite and the RP, while the second part (or second offset) covers the RTT of the service link. Since the value of  is common among all UEs before random access channel (RACH) procedure, the second offset must be chosen based on at least the maximum service link RTT values, in order to account for the UEs at the cell edge. Maximum values of the service link RTT are reported in TR 38.821 [2]. In particular, for GEO, LEO 600 km, and LEO 1200 km, the maximum service link RTTs are 270.73 ms, 12.89 ms, and 20.89 ms, respectively.  
Moreover, In RAN1#104be, an agreement achieved regarding the TA in NTN. In particular, it was agreed that the Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:


In the equation above,  is referred to as “common TA” an captures the part of the TA originates from the satellite to the RP. As can be seen,  can be employed for calculation of the first offset in Option-2 approach. This particular choice has the advantages of reducing signaling overhead and avoid duplicate signaling, as  is broadcast via SIB1. 
Observation 1: Common TA captures the RTT of the satellite to the reference point. 
Observation 2: Adoption of common TA reduces signaling overhead and avoids duplicate signaling for determination of .  
Proposal 1: Common Timing Advance should be used for determination of the first offset value, capturing the RTT of the satellite to RP, in Option-2 to reduce signaling overhead and avoid duplicate signaling. 
The second offset value should cover the RTT of the service link. Here, two solutions can be considered. One solution would be to signal the second offset explicitly. The second solution is based on obtaining even the second offset implicitly e.g. from “ra-ContentionResolutionTimer”. In particular, “ra-ContentionResolutionTimer” is a parameter configured within RACH-ConfigCommon parameter structure which is broadcast via SIB1. There, “ra-ContentionResolutionTimer” takes values in the range of {8, 16, 24, 32, 40, 48, 56, 64} subframe [ms] which, in turn, captures the range of the values of service link RTTs in NTN, especially for LEO scenarios. Service link RTT of the GEO scenario can be easily obtained via scaling of the parameter “ra-ContentionResolutionTimer”. As a result, “ra-ContentionResolutionTimer” together with common RTT can be employed for deriving a value for the initial  as follows: 
,
where  is derived from  and  is obtained based on the maximum RTT of the service link. Given the discussion above,  can be calculated as 
,
where  is a specific value of “ra-ContentionResolutionTimer” and  is scaling factor that depends on the scenario. Here, for simplicity, we assumed that all parameters have the unit of millisecond. 
Observation 3: NTN UE acquires “ra-ContentionResolutionTimer” and the RTT value of the satellite to the RP via common TA before performing random access procedure. 
Proposal 2: NTN UE should derive the initial value of  from the broadcast system information, e.g., “ra-ContentionResolutionTimer” and common TA for option-2. 
For the case where the second offset is needed to be specified explicitly, additional parameter should be included in the SIB1. However, compare with the implicit signaling of the second offset, the signaling overhead is increased. 
Observation 4: Additional parameter capturing the maximum RTT of the service link may be broadcast via SIB1, which assists the UE to obtain the second offset explicitly, in Option 2 of  signaling.     
Down-selection 
In RAN1#105-e, an observation has been captured regarding the signaling overhead reduction being limited to only 1 bit. However, this observation is only partially correct for the case where the gNB is co-located with gateway. For the cases where gNB and GTW are not co-located,  is not in the same range as , and as a result of this, especially for the case of , the signaling overhead reduction is more than 1 bit. 
Observation 5: Signaling overhead reduction in Option-2 is more than 1 bit when gNB and GTW are not co-located. 
Another important advantage of Option-2 is signaling overhead reduction in the case of feeder link switching. In the case of feeder link switch, irrespective of hard- or soft-feeder link switch, many UEs in connected mode require to perform (conditional) handover, and UEs in IDLE mode require to perform cell reselection procedure. As a consequence of hard- or soft-feeder link switching, the value of  is changed due to the switch of GTW. However, e.g., for UEs in connected mode that perform handover, the value of  is already obtained at all UEs via  before performing RACH, and broadcasting  as in Option-1 leads to huge duplicate signaling. Feeder link switch occurs more frequently in LEO scenario, which leads to more duplicate signaling for Option-1  signaling.  
Observation 6: Option-2 of  determination substantially reduces duplicate signaling during the hard- and soft-feeder link switch procedure.
When taking the Observations 6 and 7 into account, we suggest considering Option-2 of  signaling as a way forward.    
Proposal 3: RAN1 to down-select Option-2 for determination of the value of initial . 

Furthermore, in RAN1#106-e, the following working assumption is obtained: 
[bookmark: _Hlk81237118]Working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.




In our contribution [6], we have shown that providing signaling parameters such as common delay drift rate, and even higher order derivative parameters assist the UE to estimate the common TA very accurately and more importantly estimate autonomously for a longer time. For instance, for the scenario where minimum elevation angle is 10 degree, LEO 1200 km, and providing common delay drift rate together with 2nd order derivative of common delay, maximum estimation error of  µs and  µs are achieved for updating common delay signaling parameters every (SIB update rate) 5 and 28 seconds, respectively. For more simulation results, we refer the interested reader to [6]. As can be seen, very good estimation accuracy can be obtained. In addition to that, updating common delay signaling parameters after a longer time, e.g. 28 seconds, is possible. In particular, during the 28 seconds, the common delay variation is about 8 ms, which corresponds to 8 slots for 15 kHz SCS, and 64 slots for 120 kHz SCS. Taking the example above into account, for Option 2 of  signaling, NTN UE is capable of updating common delay autonomously between every SIB update (28 seconds here), while for Option 1 of  signaling, in order to take into account the impact of common delay variations, more frequent update of  is required. Thus, signaling overhead reduction, when choosing Option 2, is certainly more than 1 bit. 
Observation 7: Signaling overhead reduction of Option 2 is certainly more than 1 bit, when UE acquire common delay parameters (delay drift rate and higher order derivatives) for common TA estimation, as UE can autonomously update common TA for a longer time. 
Timing Advance Reporting
With respect to TA reporting, in RAN1#105 and RAN1#106 several issues have been raised. This includes the content of TA report, the frequency in which the UE requires to report its acquired UE specific TA, and the triggering mechanisms for UE TA report. In the following, we assume that TA reporting is supported, given RAN2 progress on this issue. 
Taking this into account, UE can report the difference between the updated and the last UE specific TA value. The granularity of the TA report value can be further investigated, as a course approximation of UE specific TA is sufficient for updating  in a UE specific manner. 
Proposal 4: For updating  in a UE specific manner, UE reports the difference value between the updated and the last UE specific TA. 
Proposal 5: RAN1 to discuss the granularity of the differential UE specific TA report. 
Regarding the triggering mechanism for UE TA report, both event triggered option and network request option must be supported. In particular, for event triggered approach, UE reports the differential value of UE specific TA once it exceeds a certain threshold. We note that the particular choice of threshold is numerology dependent and a function of SCS. 
Proposal 6: RAN1 to support both event triggered and network request  UE TA report.  
	Conclusions
Observation 1: Common TA captures the RTT of the satellite to the reference point. 
Observation 2: Adoption of common TA reduces signaling overhead and avoids duplicate signaling for determination of .  
Proposal 1: Common Timing Advance should be used for determination of the first offset value, capturing the RTT of the satellite to RP, in Option-2 to reduce signaling overhead and avoid duplicate signaling. 
Observation 3: NTN UE acquires “ra-ContentionResolutionTimer” and the RTT value of the satellite to the RP via common TA before performing random access procedure. 
Proposal 2: NTN UE should derive the initial value of  from the broadcast system information, e.g., “ra-ContentionResolutionTimer” and common TA for option-2. 
Observation 4: Additional parameter capturing the maximum RTT of the service link may be broadcast via SIB1, which assists the UE to obtain the second offset explicitly, in Option 2 of  signaling.     
Observation 5: Signaling overhead reduction in Option-2 is more than 1 bit when gNB and GTW are not co-located. 
Observation 6: Option-2 of  determination substantially reduces duplicate signaling during the hard- and soft-feeder link switch procedure.
Proposal 3: RAN1 to down-select Option-2 for determination of the value of initial . 
Observation 7: Signaling overhead reduction of Option 2 is certainly more than 1 bit, when UE acquire common delay parameters (delay drift rate and higher order derivatives) for common TA estimation, as UE can autonomously update common TA for a longer time. 
Proposal 4: For updating  in a UE specific manner, UE reports the difference value between the updated and the last UE specific TA. 
Proposal 5: RAN1 to discuss the granularity of the differential UE specific TA report. 
Proposal 6: RAN1 to support both event triggered and network request  UE TA report.  
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