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

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.
Working assumption: 
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command

Moderator recommendation on Issue #3:
Implicit and/or explicit signaling of K_offset in system information can be left as FFS until more design aspects of NTN become clearer.


Discussion 
One of the main outcomes of the RAN1#102-e meeting was the decision of RAN1 to distinguish between the configuration of  in initial access and the potential update of  after initial access. Furthermore, it was decided that the information of   is conveyed in system information for the initial access. 
1.1 Initial Access 
It was agreed in RAN1#103-e that at least a cell specific configuration of the value of  in initial access should be supported. However, irrespective of cell specific or beam specific design of , due to the reason that the information of  is carried in system information, the value of  requires to be the same for all UEs in the cell or at least in the beam if cell specific design or beam specific design is adopted, respectively. 
It is clear that for each individual UE, the corresponding value of , if UE specific signaling was adopted, is closely related to the value of timing advance (TA) applied by the UE, which in turn depends on the experienced round trip delay (RTD) of the UE (w.r.t the reference point used for the TA calculation). However, since for initial access, as mentioned above, the value of  must be the same for all UEs, rather conservative approach should be adopted for the value of  In particular, the value of  shall not be smaller than the maximum RTD of the cell/beam. Here, we assume the reference point for TA calculation to be at gNB, see Fig. 1.

Observation 1: The minimum configurable value of  used in initial access shall not be smaller than the maximum RTD of the serving cell for cell specific signaling and the maximum RTD of the serving beam for beam specific signaling.  



   		Figure 1: Initial  used in PUSCH scheduled by random access response

In addition to the value of , it is important to consider a degree of flexibility for the network to choose the value of the  in initial access, for instance to select an arbitrary value greater than or equal to the maximum RTD of cell/beam. Having the above mentioned degree of freedom has several advantages. This includes, among others, introducing a unified signaling framework with respect to the value of TA applied by each UE, i.e., full TA or differential TA. In other words, irrespective of the mechanism adopted by UE to calculate its TA for uplink (UL) timing synchronization, i.e., autonomous or non-autonomous acquisition of TA, and whether UE acquires full TA or differential TA, the value of  can be adopted independently by the network. Another important advantage of the flexible choice of  is that it facilitates the signaling of the value of  in system information, as it is discussed in subsection 2.2. We note that adopting values of  larger than the maximum RTD of cell/beam may increase the delay of UEs performing random access procedure. However, this delay should not be of much concern for initial access procedure. 

Observation 2: It is beneficial with respect to unified signaling framework design, i.e.,  to support both full TA or differential TA, to leave the particular choice of the value of  to the network/gNB. 

Proposal 1: It must be left to gNB/network to select a value of  greater than or equal to the maximum RTD of cell or beam depending on cell specific or beam specific signaling. 

Moreover, we recommend to adopt the unit of the value of  in millisecond (and not in number of slot such as K1 and K2). Then,  value can be translated by the gNB and the UE to the number of slots according to the numerology in use.
Proposal 2: RAN1 to adopt millisecond as the unit of the . 
1.2 Implicit Versus Explicit Signaling
In this subsection, we discuss the implicit signaling and explicit signaling of . As highlighted in FL summary in [3], explicit signaling of  is clean and forward compatible. However, based on the current agreements achieved in RAN1 and RAN2, there are several procedures that require enhancement based on the UE-gNB RTT/delay. 
In particular, in  RAN2#112e [8] it was agreed to compensate the start of “ra-ResponseWindow”, “msgB-ResponseWindow” and “ra-ContentionResolutionTimer” by UE-gNB round trip time (RTT). Another procedure in RAN2 affected by UE-gNB delay (or RTT) is related to HARQ. Specifically, in RAN2#112e & RAN2#113e [8]-[9] it is agreed that for NTN UEs with pre-compensation capability, “drx-HARQ-RTT-TimerDL” is offset by UE-specific RTT (UE-gNB delay) . 
From RAN1 perspective, one of the important procedures affected by large propagation delays in NTN is the timing advance procedure [2]. In timing advance procedure, after gNB estimates the RTT of the UE, it sends the timing advance command for adjusting the uplink transmission timing of UE. Clearly, the value of timing advance command is related to UE-gNB RTT. In NTN, due to the large propagation delay, UE autonomously obtain the UE-specific delay (UE-to-satellite delay) and via the assistance of common delay (satellite-to-Reference Point) signaling, end-to-end UE-gNB can be obtained. 
Another RAN1/2 procedure, dedicated to NTN, is the procedure of feeder link switch [2]. In particular, feeder link switch occurs when the gateway changes due to satellite moving from coverage of one gateway into coverage of another gateway. Since the new gateway has a different geographical location compare to the old gateway, UE-gNB RTT is changed and the new feeder link RTT/delay must be signaled to the UE. 

Clearly, all the procedures mentioned above require enhancement based on UE-gNB RTT/delay. The signaling redundancy increases if all the procedures mentioned above use independent UE-gNB RTT signaling. 
Observation 3: Several procedures in RAN1 and RAN2 require enhancement based on end-to-end UE-gNB RTT/delay. 
Observation 4: Signaling redundancy increases if all RAN1 and RAN2 procedures that require enhancement based on UE-gNB RTT/delay use their respective timing parameters independently.  
1.3 Implicit Signaling Design
The rationale behind implicit signaling is to obtain a value of  from other system information parameters broadcast in, e.g., SIB1. As mentioned above, the value of  is tightly related to the maximum RTD of the cell/beam. So, let us first take a look at the typical values of maximum RTD in NTN. It is stated in TR 38.821 [2] that the maximum satellite beam size can reach up to 3500 km and 1000 km for GEO and LEO, respectively, which results in maximum differential delay of 10.3 ms for GEO and 3.2 ms for LEO within a satellite beam. Considering a cell with one beam, the corresponding values of differential RTD for different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO. In FL summary [3], the differential RTDs are translated in terms of slots as follows:
· 20.6 ms is equivalent to 20.6 / 51.2 / 102.4 / 204.8 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.
· 6.4 ms is equivalent to 6.4 / 12.8 / 25.6 / 51.2 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.

Common values of RTD must be added to the mentioned values above to obtain absolute RTD values. The absolute values of RTD are reported in TR 38.821 [2] as follows: For transparent GEO the absolute RTD can be up to 541.46 ms and for transparent LEO (600 Km) up to 25.77 ms. 
In the broadcast system information, e.g., in SIB1, there are some parameters that are related to RTD, in that, their corresponding values are adopted taking the experienced RTD into account. These parameters can be potentially exploited for deriving a value of  in NTN as well. In principle, two different approaches can be adopted for implicit signaling design. In the first approach, the parameter(s) of interest capture the differential value of RTD in NTN. In the first approach, however, the common part of RTD must be retrieved from other broadcast system information parameters as well. In the second approach, the parameter(s) of interest, in the broadcast system information, capture the absolute value of RTD in NTN. 
1. First Design Approach:
Given the progress in RAN2 meetings w.r.t MAC aspects in NTN, and in particular TA, the majority of the companies agreed on broadcasting of the information related to common delay (e.g. feeder link delay) or common delay from gNB to cell/beam reference point via network, see [6]. Moreover, In RAN1#104e, there was a majority consensus for the following proposal. 
	Updated proposal 1-1: 
· The Timing Advance applied by an NR NTN UE is given by:


Where:
  and  are defined as in Release-16.
   is UE self-estimated TA 
  is network-controlled common TA, and may include any timing offset considered necessary by the network



is the common TA and is signaled to the UE. The value of the common TA depends on the choice of reference point, see Fig. 2. 
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Figure 2 - Implicit signaling of initial K_offset based on system information parameters, e.g. common RTD.

Furthermore, it was agreed in RAN2 [7] that an offset is added to the start of the parameter ra-ContentionResolutionTimer for NTN. Several companies suggested that the same offset which is broadcast via network for indication of common delay can also be adopted here. 
In the following, we use the variable  to refer to either a) the common/minimum RTD obtained from common/minimum delay broadcast via network or b) the offset to the start of the parameter ra-ContentionResolutionTimer. Furthermore, ra-ContentionResolutionTimer is a parameter configured within RACH-ConfigCommon parameter structure which is broadcast via SIB1. In particular, 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 differential RTDs in NTN. As a result, ra-ContentionResolutionTimer  together with can be employed for deriving a value for the initial  as follows 
	                                            , 
where  is the specific value of ra-ContentionResolutionTimer broadcast in SIB1. Here, for simplicity, we assumed that all parameters have the unit of millisecond.  
Observation 5: NTN UE acquires ra-ContentionResolutionTimer and the value of common/minimum RTD via broadcast system information 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 an offset to the start of ra-ContentionResolutionTimer or common/minimum RTT/delay. 
The first design approach may not be a suitable design approach, if the reference point for calculation of the common RTT/delay is not chosen at the service link. For this reason, the second design approach is considered.  
2. Second Design Approach:
As stated above, an alternative design approach can also be adopted which is based on system information parameter(s) that capture the range of the values of absolute RTDs in NTN. 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. 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 RTD in GEO and LEO satellites, i.e., 541.46 and 25.77, respectively. 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, XX = {00,01,19,10}. 
Observation 6: NTN UE acquires RRC timers T300, T301, T319, and T310 before performing random access procedure. 
Proposal 4: NTN UE should derive the initial value of  from the broadcast system information, e.g., RRC timers T300, T301, T319, and T310. 
Observation 7: RRC timers T300/301/319 are most suited for GEO satellites, while RRC timer T310 is suited for LEO scenario. 

1.4 Updating Initial  
Updating initial  after RRC connection is very crucial, as using the initial  impacts the overall system delay and average throughput of UEs. Taking this into account, two different approaches can be assumed for updating initial  with respect to the number of targeting UEs, UE common and UE specific update of . For UE common update of , it was proposed by several companies that, e.g., for all UEs located in one beam, the value of  be updated for the corresponding beam. Irrespective of the signaling mechanism, given the maximum satellite beam size, i.e., 3500 Km for GEO and 1000 Km for LEO, differential RTD of 20.6 ms for GEO and 6.4 ms for LEO is observed between different UEs located in one beam. Given that the updated value of  shall be greater than or equal to the maximum RTD of the beam (for UE common  updating in one beam), the updated value of  impacts the overall system delay and reduces the average throughput of UEs that are experiencing RTDs much smaller than the maximum RTD of the beam. Furthermore, it was shown in [4] that values of  greater than UE TA would make a set of slots equal to the differential delay of the UE non-schedulable, see Fig. 2 of [4].  As a result, UE specific update of  is preferable with respect to minimization of system delay and maximization of individual UE average throughput.
Observation 8: UE specific update of   results in minimum system delay and maximum UE average throughput.  
Proposal 5: The value of  should be updated/reconfigure after RRC connection in UE specific manner. 
We have shown in our previous contribution [5] that UE specific update of  can be performed according to the value of TA for the corresponding UE. Given the progress made in AI 8.4.2, UEs with GNSS capability can autonomously acquire full TA based on their location and satellite ephemeris information. In order to be able to update  in UE specific manner, the acquired TA of the UE should be reported to gNB. 
Proposal 6: For UE specific update of , NTN UE should report its acquired TA to gNB.
In particular, we propose that UE reports its first TA report as part of MSG3 in RACH procedure. Details related to UE TA report can be further studied.
Proposal 7: NTN UE should report its first TA report as part of MSG3. 
Proposal 8: RAN1 to further study the details of NTN UE TA report.


Summary
Observation 1: The minimum configurable value of  used in initial access shall not be smaller than the maximum RTD of the serving cell for cell specific signaling and the maximum RTD of the serving beam for beam specific signaling.  

Observation 2: It is beneficial with respect to unified signaling framework design, i.e.,  to support both full TA or differential TA, to leave the particular choice of the value of  to the network/gNB. 

Observation 3: Several procedures in RAN1 and RAN2 require enhancement based on end-to-end UE-gNB RTT/delay. 
Observation 4: Signaling redundancy increases if all RAN1 and RAN2 procedures that require enhancement based on UE-gNB RTT/delay use their respective timing parameters independently.  
Observation 5: NTN UE acquires ra-ContentionResolutionTimer and the value of common/minimum RTD via broadcast system information before performing random access procedure. 
Observation 6: NTN UE acquires RRC timers T300, T301, T319, and T310 before performing random access procedure. 
Observation 7: RRC timers T300/301/319 are most suited for GEO satellites, while RRC timer T310 is suited for LEO scenario. 
Observation 8: UE specific update of   results in minimum system delay and maximum UE average throughput.  
Proposal 1: It must be left to gNB/network to select a value of  greater than or equal to the maximum RTD of cell or beam depending on cell specific or beam specific signaling. 

Proposal 2: RAN1 to adopt millisecond as the unit of the . 

Proposal 3: NTN UE should derive the initial value of  from the broadcast system information, e.g., ra-ContentionResolutionTimer and an offset to the start of ra-ContentionResolutionTimer or common/minimum delay. 
Proposal 4: NTN UE should derive the initial value of  from the broadcast system information, e.g., RRC timers T300, T301, T319, and T310. 
Proposal 5: The value of  should be updated/reconfigure after RRC connection in UE specific manner. 
Proposal 6: For UE specific update of , NTN UE should report its acquired TA to gNB.
Proposal 7: NTN UE should report its first TA report as part of MSG3. 
Proposal 8: RAN1 to further study the details of NTN UE TA report.
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