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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the last meeting RAN #101, 4 candidate enhancements for IoT NTN (Non-Terrestrial Networks) were proposed for further discussion towards the final approval of a WI at RAN#102 as following [1]:
	Store & Forward (requiring regenerative payload)
	Capacity enhancements for Uplink
	Mobility enhancements
[bookmark: _GoBack]	“Coarse Location Reporting” (similar to the NTN NR Rel-17 solution)
In this contribution, we share our view on the above candidate topics. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Regenerative payload
Regenerative payload with simultaneous active feeder link connection
Regenerative payload can reduce the delay of Uu transmission and requires less gateways compared to transparent payload. It is therefore beneficial to support regenerative payload on satellites. One straightforward and also future proof way to support regenerative payload is to have full eNB on board. 
For RAN1 and RAN2, the design of Uu interface is generally common for transparent payload and regenerative payload. The only difference between transparent payload and regenerative payload is the handling of delay for the Uu interface, in the sense that regenerative payload does not include the delay from the feeder link. In Rel-17/Rel-18, the reference point at which uplink time synchronization has to be achieved is configured by the network. The UE needs to know the delay (i.e. common TA) between the reference point and eNB. In the regenerative case, the network can configure the reference point as the point of satellite with both common TA and Kmac equal to 0. In this case, the regenerative payload has no impact on RAN1’s and RAN2’s stage 3 specifications. 
For RAN3, in our view the solution of the feeder link switch in Rel-16 NR NTN SI [2] can be reused in IoT NTN. 
In summary, all the existing stage 3 procedures can already support regenerative payload, without any critical aspects missing. On the other hand, as the current stage 2 specifications only indicate support of transparent payload, it is worth updating the stage 2 specifications to explicitly indicate the support of regenerative payload for IoT NTN. 
Proposal 1: Support only full eNB on board for regenerative payload in IoT NTN, for which only a stage 2 modification in TS 36.300 is needed.

Regenerative payload without simultaneous active feeder link connection (Store & Forward)
As part of Rel-19, SA1 developed a TR 22.865 that captures a set of use cases in store and forward satellite operation for delay-tolerant communication services. Also SA2 has agreed the WID [3] to study the impact of the store & forward operations.
In the store and forward scenarios, the eNB does not have available feeder link when it provides the service link for UEs. Therefore the network cannot finish the current procedures between UE and CN during the short time. The basic procedure is shown in Figure 1.
[image: ]
Figure 1 Basic procedures in store and forward scenarios
Taking the MO procedure as an example, the basic steps are listed below:
Step 1: UE triggers the MO procedure and can only firstly finish the RRC connection procedure in Uu. UE sends the NAS information to the eNB.
Step 2: the eNB need to store the NAS information when the feeder link is not available. 
Step 3: After the eNB moves to the area where the feeder link is available, it starts setting up the S1 interface and forwarding the NAS information from UE to MME. The MME may send information to the UE via eNB, and in this case the eNB needs to store the NAS information from MME. 
Step 4: When the eNB moves back to the area where UE is, the eNB forwards the NAS information from MME to UE.  
During the step 1 and step 4, the RAN2/RAN3 impacts on RRC procedures and S1 interface procedures need to be studied. 
Proposal 2: Study and specify the procedures for signaling and data transmission in Store & Forward scenario.

System level capacity enhancement for Uplink
Due to the large coverage of an IoT NTN cell, there is a massive number of UEs in a cell. The limited transmit power at UE usually causes a higher number of repetitions to ensure the UL decoding performance. For NB-IoT, which has limited bandwidth and half-duplex transmission mode, the UL capacity is further restricted. 
One way to improve the UL capacity is to support high power UEs (HPUE), as discussed in our companion paper in [4]. By increasing the transmit power from 23dBm to up to 31dBm (depending on power class), the repetition number as well as time domain resources per UE can be reduced by 80% under the same coverage requirement. The saved UL resources can be scheduled to other UEs and therefore the system level UL capacity can be improved. 
Proposal 3: Support PC2 (+26dBm) for IoT NTN exemplary bands 256, 255, 254, with details as below:
· Study the adjacent channel co-existence with terrestrial network [RAN4]
· Specify UE RF Tx requirements for PC2 (+26dBm). [RAN4]
· Specify transmission enhancement with flexible UL scheduling for UL link/system level coverage and capacity enhancement. [RAN1]
· NOTE: Both 1Tx and 2Tx are assumed for PC2.

Mobility enhancements
For mobility, one of the most challenging issue is always the high speed of satellites. To address this in IoT NTN, a series of enhancements have already been introduced in Rel-17 and Rel-18. For instance, in R17 we introduced time-based measurement for cell reselection in quasi-earth fixed cell scenarios; in R18 we introduced time/location based RLF enhancements in RRC_CONNECTED, time/location-based CHO, and location-based measurement initiation in RRC_IDLE, etc.
As far as we can see, these enhancements for mobility are sufficient for IoT NTN and there are no left-over issues on mobility aspects. 
There are proposals for considering network-controlled switch of anchor carriers. However looking back to NB-IoT’s design, the UE makes the mobility decision according to its own measurements because there is no measurement reporting. The network has difficulties to make such a decision (anchor carrier switching) without measurement reporting and it is easy to cause radio link failure with an arbitrary decision. Therefore such enhancements need more justification on the gains.
Proposal 4: For Rel-19 IoT NTN, no mobility enhancements are pursued.  

Coarse Location Reporting
Location reporting was discussed in R17 IoT NTN, based on SA2 requirements on emergency services and regulatory requirements. In Rel-17 only eMTC UEs can report coarse location to the network, because there is no AS security for NB-IoT CP solution. A NAS layer solution was considered but due to time limitation and multiple WG coordination [5][6][7], this was not done in Rel-17. The SA3 LS [5] showed concerns on reporting unprotected location information.
In R18, the issue was brought up again in RAN2, with the reason that coarse location reporting is a crucial functionally for NTN systems in terms of network efficiency, mobility and even basic operation in regulatory compliance, and LPP is not supported by the vast majority of NB-IoT devices [8]. RAN2 determined that the only possible solution is via NAS signaling as NB-IoT CP solution has no AS security, and requested CT1 and SA2 to complete the solution [9]. Currently the CT1/SA2 discussion is ongoing but SA2 seems to have already completed stage 2.
From our perspective, this has been discussed for two releases and it is better to complete this within Rel-18 timeline. If SA2/CT1 really cannot complete their work in Rel-18, this shall be explicitly included in SA2/CT1 Rel-19 NTN SI/WI. 
Proposal 5: The coarse location reporting is recommended to be completed in SA2/CT1 in Rel-18. If this really cannot be concluded in Rel-18, this shall be explicitly included in SA2/CT1 Rel-19 NTN SI/WI.

Conclusions
In the contribution, IoT NTN enhancement in Rel-19 is discussed. We have the following observations and proposals:
Proposal 1: Support only full eNB on board for regenerative payload in IoT NTN, for which only stage 2 modification in TS 36.300 is needed. 
Proposal 2: Study and specify the procedures for signaling and data transmission in Store & Forward scenario.
Proposal 3: Support PC2 (+26dBm) for IoT NTN exemplary bands 256, 255, 254, with details as below:
· Study the adjacent channel co-existence with terrestrial network [RAN4]
· Specify UE RF Tx requirements for PC2 (+26dBm). [RAN4]
· Specify transmission enhancement with flexible UL scheduling for UL link/system level coverage and capacity enhancement. [RAN1]
· NOTE: Both 1Tx and 2Tx are assumed for PC2.
Proposal 4: For Rel-19 IoT NTN, no mobility enhancements are pursued.  
Proposal 5: The coarse location reporting is recommended to be completed in SA2/CT1 in Rel-18. If this really cannot be concluded in Rel-18, this shall be explicitly included in SA2/CT1 Rel-19 NTN SI/WI.
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