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1. Introduction
An initial discussion on 3GPP submission towards IMT-2020 Satellite took place at RAN#98 [1]. The discussion concerned an approval of RAN Study Item for performance evaluation of IMT-2020 Satellite system. 
In this contribution, we provide information on a satellite system concept that can deliver mobile broadband services to unmodified smartphones. This document is based around descriptions of satellites in ITU-R’s M.2514 [3] and is not a description of the AST satellite system [4].
In our view, the study towards IMT-2020 satellite should be opened to unmodified LTE UEs and per-R17 NR UEs.
2. Discussion
[bookmark: _Hlk126138588]2.1 Overview
Figure 1 illustrates an example of a satellite system providing access to a 3GPP unmodified UE. An unmodified LTE UE served by a E-UTRAN system is shown in the illustration. There is a feeder link between a Gateway and a satellite (satellite payload) and a service link between the satellite and the 3GPP unmodified UE. To enable the use of unmodified UEs, the key aspect is that, for the service link, the satellite uses very high gain antennas to project “small” cells onto the earth. By “small” it is meant that the cell’s width is less than the timing advance adjustment range supported by an unmodified LTE UE. 
[bookmark: _Hlk127435117]Note: 	The ITU-R’s requirements in M.2514 [3] describe (e.g. in section 6.3) advances in satellite technology, and Table 3 of Annex 2 describes a satellite with a 1.76 degree beamwidth. With a LEO at 600 km above the earth and a 30 degree minimum elevation angle, the maximum cell width would be 66 km. (see Annex A)



Figure 1:  An overall illustration of a satellite system providing service to unmodified 3GPP UE
The satellite payload transparently forwards the radio protocol received from the Gateway (via the feeder link) to the UE (via the service link) and vice-versa. The gateway may serve a number of satellite payloads. Also, a satellite payload may be served by a number of gateways.
The customized base stations (eNBs) are located at ground level and connected to the satellite payload via a gateway station. 
With 3GPP Release 17 NR-NTN, the UE is modified so that the UE uses its GNSS location and the satellite’s location & velocity (derived from the SIB information) to calculate the downlink Doppler shift and timing errors received by the UE, and, the amount of frequency pre-compensation and timing advance for that UE to apply so that the uplink transmissions from all the UEs in the (large) cell arrive ‘on time’ and ‘on-frequency’ at the gNB function.
When using unmodified LTE UEs, these Release 17 NR-NTN UE functions are replaced by somewhat similar eNB functions:
· The eNB knows the satellite’s location and velocity; and the small area of the Earth covered by the cell. This enables the eNB to pre-compensate for doppler and timing on the downlink such that the signal received on the ‘near edge’ of the cell is “on frequency” and “on time”, and the base station post-compensates for the uplink doppler and satellite link timing delays from that position. The additional timing difference caused by the UE being a short distance away from that position are handled by the normal 3GPP timing advance process. 
Therefore, the unmodified 3GPP UE does not need to get the UE’s GNSS location to solve the Timing Advance (TA) problem and the TA is maintained in the 3GPP UE following the same procedure as in a terrestrial network. 
A high antenna gain (e.g. 38.5 dBi in Table 3 M.2514 [3]) can be utilised. As in section 6.3 of M.2514 [3], the satellite system can create hundreds of beams, each forming an earth-fixed cells. The 3GPP unmodified UE uses the satellite beam in the same way as they would use a cell in the terrestrial network while the customized base station compensates for the effect of the satellite communication system. 
High-frequency, high throughput feeder links are used, but these are out of the scope of 3GPP.  The service link can use any FDD band in coordination with the terrestrial wireless partners on a non-interference basis. Example bands would be in the range 700-900 MHz and 1800-2100 MHz for the 4G and 5G RATs used for the service link.
A Tracking Area corresponds to a fixed geographical area. Also, a Cell ID corresponds to a fixed geographical area, and maps 1:1 to the beam. The mapping between Cell IDs and geographical area is configured as in the terrestrial network.

2.2 Random Access procedure
In the UE, the same principle and procedure as in a terrestrial network are applied for random access procedure, however, owing to the propagation delays, the eNB operation is modified compared to the expected (but not mandated) terrestrial network operation. While multiple mechanisms are possible, an example of RA procedure seen for communication via a satellite system is illustrated in Figure 2 for the case when the UE-satellite-eNB propagation delay is 6 ms. The base station implementation is not visible to the UE.
PRACH configuration index 19 in Table 5.7.1-2 of TS 36.211 [5] is assumed, which means preamble format 1, subframe number 1 and PRACH is located in any radio frame. In RACH-ConfigCommon in SIB 2, the number of RA preambles (numberOfRA-Preambles) is restricted to 4 [TS 36.331 [6]]. 
The UE transmits a preamble at T1 and in the absence of Random Access Response (RAR) the UE reinitiates the preamble transmission at T2. After T2+3, the UE receives a RAR. From the base station side, the base station receives the preamble transmission later due to the large propagation delay in the satellite network (i.e. at T1+6). The base station transmits the RAR at e.g. T1+6+2 and the UE receives it at T1+6+6+2 which also corresponds to the T2+3. Because the eNB does not know which PRACH preamble the UE will use in its PRACH retransmission (but the eNB does know when the UE will retransmit), the RAR contains an uplink grant allocation for each of the 4 possible preambles (numberOfRA-Preambles) that the UE could have retransmitted. Considering small cell size, the UE location within a cell does not have a significant contribution to the propagation delay. The timing advance differences are calculated following the 3GPP procedure and the known information at the base station. 




Figure 2: An example of RA procedure seen for communication via a satellite system
Note that the use of the small cells means that the PRACH load is smaller than the values in table 7.2.1.1.1.1-2: of TR 38.821. With intelligent encoding of message 2, the use of a restricted set of PRACH preambles has little impact on Random Access capacity, although it does increase the chance that message 4 contention resolution is occasionally used.

2.3 HARQ operation
As LTE has a fixed “n+4” timing for the reception of HARQ ACK/NACK, and (with a 600 km high LEO) the UE-satellite-eNB propagation one way delay is >4ms, it is useful to be able to disable automatic HARQ retransmissions by the UE.
HARQ transmission in uplink is controlled by two configurable parameters:
- the maximum number of transmissions maxHARQ-Tx, and
-  maxHARQ-Msg3Tx for a transmission of a MAC PDU stored in the Msg3 buffer. 
The maxHARQ-Tx and maxHARQ-Msg3Tx are set to 1 for communication over satellite with an unmodified UE.
For downlink, the basestation controls the HARQ retransmission process and the eNB does not send HARQ retransmissions.The UE is informed of the new transmission by the eNB toggling the New Data Indicator (NDI bit) in PDCCH.

2.4 Mobility 
Earth fixed beams are used. Where the satellite directs the beams formed on the ground to remain in a single location as the satellite moves. As the satellite moves away from the corresponding cell, a service link switch is performed from one satellite payload to another satellite payload. 


[image: ]
Figure 3:  An illustration of earth fixed beam

The same principles as described in section 10.1.1: Mobility management in ECM_IDLE of TS 36.300 [2] apply to mobility in RRC_IDLE.
The same principles as described in section 10.1.2: Mobility management in ECM_CONNECTED of TS 36.300 [2] apply to mobility in RRC_Connected.
With a relatively stationary mobile, the UE will need to use different satellites as one satellite “sets” and the next satellite “rises” above the horizon. If these two satellites use the same earth station, then this can be handled as if the two satellites are just different antennas (TRPs) of the same eNB (i.e. the two satellite broadcast the same PCI and SIBs). {The eNB applies different doppler shift precorrections to the two satellites so that the 2 signals arrive at the UE on the same frequency.}
For a mobile that is physically moving, adjacent cells/beams on the earth have different PCIs and (whether the beams are from the same or different satellites), normal terrestrial handover procedures can be applied.
Proposal: RAN2 is requested to take the description of satellite communication to an unmodified UE into account when considering study towards IMT-2020 satellite system.
3. Conclusion
This contribution describes an example of a satellite system providing access for a 3GPP unmodified UE using E-UTRAN system.
Proposal: RAN2 is requested to take the description of satellite communication to an unmodified UE into account when considering study towards IMT-2020 satellite system.
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