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1. Introduction
In RAN#92e meeting [1], the IoT-NTN WI has been endorsed. In this contribution, following the discussion in SI, continuous analysis on signaling cost saving and discontinuous service supporting are elaborated. 
1. Discussion on signaling cost saving using PUR
In IoT scenarios, preconfigured uplink resources (PUR) has been proposed in Release 16 to save the signaling cost. PUR is mainly intended for stationary UEs with either periodic and/or pseudo-varying traffic. By preconfiguring the UE with UL radio resources for transmission under the premise that the UE is in possession of a valid TA, PUR removes the need for Msg1 and Msg2 as well as the need to perform a legacy connection establishment procedure. 
2.1 TA adjustment
In IoT over NTN, the requirement of stationary UEs with either periodic and/or pseudo-varying traffic still exists. For GEO cases, PUR can be directly reused since satellites are also stationary. However, for LEO cases with moving satellites, the assumption of valid TA at the UE side is questionable. With the movement of satellite, serving beam switching happens frequently, and a UE using PUR may require frequent resource update. Moreover, in PUR design, TA for a UE’s current UL transmission is updated in the ACK of its previous UL transmission. Since the period of UL transmission in PUR in NTN scenarios is large, the TA may be out of date. To solve this problem, following enhancement can be considered:
· Option-1: Open-loop method. A UE can utilize open-loop methods to obtain TA, e.g., calculate transmission delay according to position and mobility information of satellite and itself using geometric formulas, for each PUR occasion. 
· Option-2: Hybrid method. A UE could combine closed and open-loop mechanisms to update TA. When a TA command is received, UE will additionally add the adjustment, which is derived using the method in Option-1, to correct residual error. The hybrid method is generally more robust than the open-loop method.
To facilitate the enhancement mentioned above, an eNB can indicate the method used by the UEs via SI or RRC message.
Proposal 1: TA adjustment based on autonomous estimation at UE side can be considered to facilitate the PUR application in IoT over NTN scenarios.
2.2 Resource preconfiguration
PUR allows grant free UL transmission for IoT UEs. However, frequent beam switching in IoT over NTN scenarios brings challenge to the PUR application. With serving beam switching, the preconfigured PUR resource for a UE becomes invalid. In addition, IoT UEs usually apply DRX and HD-FDD to save power. Thus a UE may not be able to obtain new PUR parameters immediately after its serving beam switching. 
To solve this problem, following enhancement can be considered in the resource preconfiguration:
· Option-1: Configure multiple PUR resources. A UE can be configured with multiple PUR resources, including resources corresponding to beams which UE may be switched to. When UE is switched to a new beam, it is able to search candidate resources and select proper one for UL transmission. If UE finds that there is no feasible PUR resource for current transmission, it will fallback to RACH/EDT. Note that the PUR resources in new beam may be CFS resources (contention free shared), which increase the capacity and reduce collision probability at the same time.
· Option-2: Configure relative frequency resource instead of absolute frequency resource. A UE can be configured with relative frequency domain resource in each group of frequency resources. When it switches to a new beam, the frequency resource at the same relative position in the new frequency resource group will be autonomously chosen for PUR transmission. 
Proposal 2: Resource preconfiguration enhancement in PUR can be considered to tackle the problems brought by frequent beam switching.
1. Discussion on discontinuous service supporting
In NTN systems, the service may be discontinuous due to the satellite constellation configuration or limited satellite capability (e.g., cube satellite). For a satellite with earth moving beam, a beam sweeps the serving area with the movement of the satellite. The UEs in this serving area experience time-variant DL RSRP. The service at the serving beam edge may be discontinuous. For a satellite with earth fixed beam, a steerable serving beam will provide a relatively long serving time. However, once the elevation of service link (or feeder link) is too small, beam switching will occur and the service may be discontinuous. 
In current NR system, a UE attempts to initialize handover or radio link failure procedure when channel quality is poor. In NTN case, this attempt may be invalid or inefficient with unnecessary power consumption. To solve this problem, current DRX/eDRX or PSM mechanism can be reused with some enhancement specific to IoT over NTN. 
3.1 Assistance information based enhancement on discontinuous coverage
In general, the discontinuous service due to the satellite constellation configuration or limited satellite capability is highly predictable at the network side. So, it is possible for the eNB to provide assistance information to UEs as following examples to reduce unnecessary power consumption at the UE side:
· Assist time information of a satellite for a given area: The assist time information can refers to the time interval, in which, the service from current will be available or unavailable. The indication of such information is more general comparing to the ephemeris only since the discontinuous service may be caused by service link switching, feeder link switching, traffic load balance, satellite malfunction, inter-satellite routine change due to congestion and so on. In addition, indication of such assist time information is beneficial to IoT devices with limited power and capability. The corresponding time duration of current and/or next satellites for a given area can be pre-calculated at eNB side with indication to UEs.  For example, if the assist information refers to the time that the service is unreachable, within the indicated period, the reception of DL signaling including measurement for RLF or handover and scheduling/data for both DL and DL is assumed to be disabled. Since this serving time is common information for all UEs or a group of UEs, it can be indicated via common signaling or UE-specific signaling. 
· Grouping information based UE’s location: If the eNB has the UE location information, it is possible for the eNB to group UEs according to the location of satellite and UEs. Then the eNB can recalculate the service discontinuity time interval for each group of UEs. And corresponding transmission control can be carried out at the UE side (with indication from the eNB) or at the eNB side.
Proposal 3: Indication of assist time information of each satellite to UE should be supported to handle the discontinuous service.
3.2 Discussion on the enhancement on legacy procedure
In current LTE system, DRX, eDRX or PSM mechanism has been used to deal with the discontinuous service, which is main targeted for the power saving based on the characteristic of IoT traffic. For example, in NB-IoT, discontinuous transmission is supported at the UE side using the eDRX and PSM mechanism. As shown in Figure 1, an NB-IoT UE will periodically enter the idle mode or deep sleep mode to save power, which is determined by the corresponding timers.
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Figure 1. The state transition of an NB-IoT UE
For another example, as shown in Figure 2 for LTE systems, short DRX cycle and long DRX cycle are used for RRC_CONNECTED UE to save power consumption via discontinuous transmission. For RRC_IDLE UE, the discontinuous transmission is controlled by paging cycle.
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Figure 2. The state transition of an LTE UE
It is observed that current mechanism to support discontinuous transmission is generally period based (i.e., using various cycles). In NTN, however, the discontinuous transmission caused by the satellite movement may not occur periodically. Therefore, based on the assistance information in above, it is necessary to study enhanced DRX, eDRX or PSM mechanism for NTN scenarios with following examples:
· Based on the information of deployment, since the eNB may have the information on the beam deployment and satellite information, prediction on the discontinuous service can be expected at eNB side, e.g., within a period of time. Then, the trigger indication can be sent to UE to enforce the UE into PSM mode for power saving with an instant PSM timer on demand.
· If a UE has the information w.r.t its own location and the satellite’s position and beam deployment or based on the tracking of channel quality, the prediction on the discontinuous service can be conducted at UE side. In this case, once the UE is scheduled or wake-up based on DL indication, the UE can report a service delay request to the eNB with a timer value, accordingly the eNB may postpone the following transmission including DL/UL grant.
Proposal 4: Enabling of on-demand PSM can be considered to achieve the UE power saving due to the discontinuous service.
Proposal 5: The postponed DL/UL transmission based on the UE reported time information can be considered for IoT over NTN scenarios.
1. Conclusions
In this contribution, signaling cost saving and discontinuous service supporting are discussed for IoT over NTN scenarios. And corresponding solutions are presented with following proposals: 
Proposal 1: TA adjustment based on autonomous estimation at UE side can be considered to facilitate the PUR application in IoT over NTN scenarios.
Proposal 2: Resource preconfiguration enhancement in PUR can be considered to tackle the problems brought by frequent beam switching.
Proposal 3: Indication of assist time information of each satellite to UE should be supported to handle the discontinuous service.
Proposal 4: Enabling of on-demand PSM can be considered to achieve the UE power saving due to the discontinuous service.
Proposal 5: The postponed DL/UL transmission based on the UE reported time information can be considered for IoT over NTN scenarios.
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