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Introduction
In RAN1#104b-e and RAN1#105e, 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#105e: 

Moderator recommendation on Issue #2:
Companies are encouraged to rethink about their position and come back to this issue at the next RAN1 meeting, taking the following into account.
· The signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit.
· The ~1-bit saving might appear free, but comes at the cost of many disadvantages (more complexity for UE, more specification impact, more sources of inaccuracies, scheduling restriction, etc.)
· 1 bit saving in higher layer signaling is negligible.
Moderator recommendation on TA reporting:
Companies are encouraged to provide input on this issue at the next RAN1 meeting, taking into account the questions asked by RAN2 LS:
1) At least for uplink scheduling adaptation, what is the exact content of UE reporting of information about the UE specific TA pre-compensation?
a. Option 1: UE specific TA: [Apple, MediaTek, CATT, Lenovo/MM(?)]
b. Option 2: Full TA: [ZTE, Lenovo/MM(?)]
c. Option 3: UE location: [Panasonic]
d. Option 4: Difference between UE-specific K_offset and cell-specific K_offset: [CMCC]
e. Other option(s)?
2) At least for uplink scheduling adaptation, how frequent is the UE reporting of information about the UE specific TA pre-compensation?
a. Option 1: Event triggered: [Apple, ZTE, Panasonic, LG, Qualcomm, Xiaomi, CMCC, CATT]
b. Option 2: Network request: [ZTE, Qualcomm]
c. Option 3: Periodic: [Xiaomi, Lenovo/MM]
d. Other option(s)?




Discussion 
In this contribution, we focus on the aspects of the signaling of  during the initial access and UE timing advance (TA) reporting. Two options suggested in the previous 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. 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. In the following, we focus on the implicit signaling design of Option 1 and Option 2. 
Option-1 Implicit Signaling Design 
Implicit signaling design for Option-1 is based on system information parameter(s) that captures the RTT of the service link plus the RTT of the satellite to the reference point. For the case where RP is chosen to be at the gNB, the offset value must cover the RTT of the service link and feeder link together. An example of such parameters includes RRC timers T300, T301, T319, and T310. The RRC timers are configured within system information parameter “ue-TimerAndConstants” and broadcast via SIB1. Any configured value of timers T300, T301, T319, and T310 for NTN must at least take into account the end-to-end RTT of UE to gNB. In particular, the RRC timers take the following range of values:
T300/T301/T319 = { 100, 200, 300, 400, 600, 1000, 1500, 2000 }  ms, T310 = { 0, 50, 100, 200, 500, 1000, 2000 } ms. We can observe that the RRC timers can provide values greater than maximum experienced RTT in GEO and LEO satellites, i.e., 541.46 and 25.77, respectively [1]-[2]. As a result of this, the RRC timers can also be exploited for derivation of the value of initial  as follows
			                          ,  
where  is the certain value of RRC timer T3XX broadcast in SIB1, , and  is an scaling factor that can be obtained based on scenario, e.g. LEO or GEO and satellite altitudes. 
Observation 1: NTN UE acquires RRC timers T300, T301, T319, and T310 before performing random access procedure. 
Proposal 1: NTN UE should derive the initial value of  from the broadcast system information, e.g., RRC timers T300, T301, T319, and T310. 
Observation 2: RRC timers T300/301/319 are most suited for GEO satellites, while RRC timer T310 is suited for LEO scenario.
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 3: Common TA captures the RTT of the satellite to the reference point. 
Observation 4: Adoption of common TA reduces signaling overhead and avoids duplicate signaling for determination of .  
Proposal 2: 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 o the service link. This can be obtained 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 5: NTN UE acquires “ra-ContentionResolutionTimer” and the RTT value of the satellite to the RP via common TA before performing random access procedure. 
Proposal 3: NTN UE should derive the initial value of  from the broadcast system information, e.g., “ra-ContentionResolutionTimer” and common TA for option-2. 
Down-selection 
When comparing Option-1 and Option-2, the advantages of Option-2 are more than Option-1. For both options, and considering implicit signaling design, only the scaling factor should be sent via the gNB. However, generally, the value ranges of Option-2 is less than Option-1, as part of the RTT between the UE and RP is already signalled via common TA. Thus, signaling overhead is reduced. 
In the previous RAN1 meeting, (RAM1#105), 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 6: 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 7: 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 4: RAN1 to down-select Option-2 for determination of the value of initial . 
Timing Advance Reporting
With respect to TA reporting, in RAN1#105 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. However, we note that reporting UE specific TA is mainly relevant for updating  in a UE specific manner, otherwise updating  after initial access from a cell-specific value to a beam-specific one does not require UE specific TA update. Thus, before discussing the details of TA reporting, it is important to identify if UE specific  is supported or only cell-specific and beam-specific  update is available. 
Observation 8: UE specific TA report is mostly relevant when UE specific  update is required. 
Proposal 5: RAN1 to discuss first the scope of  update a) whether or not UE specific  is supported, or b) only cell-specific and beam-specific  update is supported, or c) both options a) and b) are supported. 
In the following, we assume that at least UE specific  update is supported. Taking this into account, UE can report its differential 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 6: For updating  in a UE specific manner, UE reports the differential value of UE specific TA. 
Proposal 7: 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 8: RAN1 to support both event triggered and network request  UE TA report.  
	Conclusions
Observation 1: NTN UE acquires RRC timers T300, T301, T319, and T310 before performing random access procedure. 
Observation 2: RRC timers T300/301/319 are most suited for GEO satellites, while RRC timer T310 is suited for LEO scenario.
Observation 3: Common TA captures the RTT of the satellite to the reference point. 
Observation 4: Adoption of common TA reduces signaling overhead and avoids duplicate signaling for determination of .  
Observation 5: NTN UE acquires “ra-ContentionResolutionTimer” and the RTT value of the satellite to the RP via common TA before performing random access procedure. 
Observation 6: Signaling overhead reduction in Option-2 is more than 1 bit when gNB and GTW are not co-located. 
Observation 7: Option-2 of  determination substantially reduces duplicate signaling during the hard- and soft-feeder link switch procedure.
Observation 8: UE specific TA report is mostly relevant when UE specific  update is required. 
Proposal 1: NTN UE should derive the initial value of  from the broadcast system information, e.g., RRC timers T300, T301, T319, and T310. 
Proposal 2: 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. 
Proposal 3: NTN UE should derive the initial value of  from the broadcast system information, e.g., “ra-ContentionResolutionTimer” and common TA for option-2. 
Proposal 4: RAN1 to down-select Option-2 for determination of the value of initial .  
Proposal 5: RAN1 to discuss first the scope of  update a) whether or not UE specific  is supported, or b) only cell-specific and beam-specific  update is supported, or c) both options a) and b) are supported. 
Proposal 6: For updating  in a UE specific manner, UE reports the differential value of UE specific TA. 
Proposal 7: RAN1 to discuss the granularity of the differential UE specific TA report. 
Proposal 8: RAN1 to support both event triggered and network request  UE TA report.  
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