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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86. In RAN1#102-e and RAN1#103-e, the following agreements were made.
	Agreement:
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· FFS: The need for potential enhancement on association of SSBs, beams and BWPs

Agreement:
Potential enhancements for support of polarisation signalling in NR NTN can consider at least the following:
· Configuration of DL and UL transmit polarization including Right hand and Left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE polarization capability (RHCP, LHCP, Linear)
· Dependence of polarisation signaling on deployment scenarios. For example,
· Resource reuse mode with/without polarization for the beam management enhancement 
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling 

Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details


In this contribution, we discuss the other issues for NTN. This is a revision of R1-2008167.

Additional evaluation assumption
1 
2 
2.1 
2.2 
In [2], the path loss model due to woodland, e.g., forest, is provided for satellite communications. Fig. xx shows the illustration of woodland with vegetation path length, , average tree height, , height of the Rx antenna over ground, , radio path elevation, ,, and distance of the antenna to the roadside woodland, . According to the measurement from Austria [2], the model for the attenuation loss, L, can be modeled as

where f, d,  denote frequency (MHz), vegetation depth (m), and elevation angle (degrees), respectively. For example, for 1.6 GHz frequency, and vegetation depth 10 m, and 30° elevation angle, the attenuation loss can be modeled as 9.37 dB. 
[image: ]
Figure 1: Representative radio path in woodland with vegetation path

[bookmark: _Ref53564454]Proposal 1: The attenuation loss due to forest is reflected for evaluations. 

Power control issues
Power control can be categorized into open loop and closed loop depending on whether feedback is applied. For NTN, open loop power control without feedback seems more suitable considering the long propagation delay. For open loop power control, UE should be allowed to adjust/predict its own transmission power not only based on DL measurement, e.g., pathloss measurement but also other available information, such as gNB ephemeris and UE trajectory. 
[bookmark: _Ref53564456]Proposal 2. In open loop power control, UE should be allowed to predict its own transmission power not only based on DL measurement, e.g., pathloss measurement but also other available information, such as gNB ephemeris and UE trajectory.
Closed loop power control can also be supported in addition to open loop mechanism. For certain types of NTN, e.g., GEO satellite, it is static relative to the earth. In this case, the change of path loss with respect to time will be slow. Therefore, closed loop (and open loop) power control can benefit if the UE can get the information of what type of the gNB is. Moreover, the distance between the different UEs and the serving gNB actually does not differ much considering the long distance, e.g., 35786 km for GEO satellite. In this regard, the transmission power of different UEs can be adjusted as a group with a reference UE transmission power. In addition, a mechanism to disable closed loop power control should be considered. 
[bookmark: _Ref53564458]Proposal 3: Closed loop power control should be supported in NTN and a mechanism to disable closed loop power control should be considered.

DL Doppler pre-compensation
In light of the FO limit of +/-10kHz for DL synchronization (w.r.t. 5ppm [2, Section 7.3.2.3.1]), the BS can perform a single-value Doppler pre-compensation targeting the center of the Doppler range among different UEs for a spot beam size up to 250km.

For larger spot beam sizes, though, this approach may be insufficient in light of the above-mentioned FO limit.  Table 2 shows the maximum Doppler difference between UEs for a range of spot beam sizes.

	fc (GHz)
	spot beam size (km)
	maximum Doppler difference between UEs (kHz)

	2
	50
	4.185

	2
	200
	15.87

	2
	250
	19.25

	2
	300
	22.33

	2
	~ 600
	~ 45


Table 2: Maximum Doppler difference between UEs

[bookmark: _Ref53564431]Observation 1: For a spot beam size that exceeds 250 km, a BS may need to perform a multi-valued Doppler pre-compensation; e.g. it may need to group distinct sets of SSBs using distinct Doppler values for pre-compensation.

Figure 2 shows an example of that solution, where the BS pre-compensates multiple Doppler values within each spot beam to reduce the maximum frequency offset in each spot beam.

[image: ]
Figure 2: Multi-valued Doppler pre-compensation

[bookmark: _Ref53564435]Observation 2: Indication for multi-Doppler pre-compensation pattern benefits idle UE cell reselection.

The UE regularly performs intra-frequency and inter-frequency measurements, including RSRP and/or RSRQ, to enable cell reselection.  If the BS indicates the multi-Doppler pre-compensation pattern, then the UE can perform coherent/non-coherent combining for SSB-based DL synchronization – thereby improving its timing and FO estimation, as well as the accuracy of its RSRP measurements.

[bookmark: _Ref53564439]Observation 3: Indication for multi-Doppler pre-compensation pattern benefits connected UE handover.

The UE may perform SSB-based measurements to enable cell handover.  If the BS indicates the multi-Doppler pre-compensation pattern, then the UE can perform coherent/non-coherent combining of SSBs – thereby improving the accuracy of its measurements.

[bookmark: _Ref53564441]Observation 4: Indication for multi-Doppler pre-compensation pattern benefits connected UE data channel reception.

Scheduling flexibility can be improved by enabling UEs to be scheduled at any slot, as the BS would indicate the Doppler value to be pre-compensated at that slot.

[bookmark: _Ref53564460]Proposal 4: A gNB/satellite applies different values of Doppler pre-compensation to different SSBs.

PRACH resource allocation
The gNB can accommodate the GNSS awareness of a UE when performing PRACH resource allocation for initial access. For example, the gNB can allocate one set of PRACH time resources to all GNSS-aware UEs and a separate set of PRACH time resources to all GNSS-challenged UEs.

[bookmark: _Ref54363512]Observation 5: A GNSS-aware UE can determine the time and frequency pre-compensation that it should apply when transmitting a PRACH preamble. This can result in improved preamble detection performance for all GNSS-aware UEs.

[bookmark: _Ref54363513]Observation 6: The PRACH guard time for GNSS-aware UEs can be smaller than the PRACH guard time for GNSS-challenged UEs.

[bookmark: _Ref54363515]Observation 7: If PRACH preamble transmissions from GNSS-aware UEs do not interfere with PRACH preamble transmissions from GNSS-challenged UEs, preamble detection performance for all GNSS-challenged UEs improves.

PRACH resources for GNSS-aware and GNSS-challenged UEs can be indicated by system information. The gNB can provide separate PRACH configuration indexes for GNSS-aware UEs and for GNSS-challenged UEs.

[bookmark: _Ref54363424]Proposal 5: A gNB can assign separate PRACH resources to GNSS-aware UEs and GNSS-challenged UEs.

Spot beam switching via BWP 
[image: ][image: ]

Figure 3: Satellites with multiple spot beams and different amount of Doppler pre-compensation

It is noted that LEO satellites usually create several tens of spot beams and GEO satellites can create a few hundred spot beams. The LHS of Figure 3 illustrates a satellite with multiple spot beams. Due to the high speed of LEO satellites, a UE can experience frequent switching of spot beams. If each spot beam is mapped to a different PCI, a UE has to go through handover procedure every time the serving spot beam is switched. Handover process is costly as it involves RRC reconfiguration and random access procedure, although the latter can be skipped with RACH-less handover. As long as the serving and target spot beams belong to a same satellite, there is no motivation to perform RRC reconfiguration. These have been the reason behind the agreement on the support of ‘multiple-beam per cell’ in the previous meeting. 
With the support of multiple-beam per cell, multiple spot beams can be grouped together to share the same PCI and the spot beam switching is performed through BWP switching for a given UE. Thus, each BWP is configured such that the UE can transmit to and receive from the corresponding spot beam. In this way, the overhead of going through the handover procedures can be avoided to a certain degree. On the other hand, as described in the RHS of Figure 3, the experienced Doppler shifts at different spot beams are different as the Doppler shift is a function of the relative speed between the transmitter and the receiver. Thus, the network would apply different Doppler pre-compensation values to different spot beams as illustrated in the figure. In order for the UE to correctly receive data after BWP switch, i.e., spot beam switch, the UE should know the amount of Doppler pre-compensation applied at the new serving spot beam so that the UE can correctly adjust its PRB grid by the amount of applied Doppler pre-compensation. The different amount of Doppler pre-compensation can be indicated in each BWP configuration with respect to the default BWP. Note that the current BWP configuration is in the unit of PRB, which is too coarse to accommodate the amount of Doppler shift as calculated in Section 4.   
[bookmark: _Ref54363472]Proposal 6: The BWP configuration is extended to indicate the amount of frequency offset to adjust the PRB grid with respect to the default BWP. 


Conclusions 
In this contribution, we discussed the other issues for NTN. We had the observations as
Observation 1: For a spot beam size that exceeds 250 km, a BS may need to perform a multi-valued Doppler pre-compensation; e.g. it may need to group distinct sets of SSBs using distinct Doppler values for pre-compensation.
Observation 2: Indication for multi-Doppler pre-compensation pattern benefits idle UE cell reselection.
Observation 3: Indication for multi-Doppler pre-compensation pattern benefits connected UE handover.
Observation 4: Indication for multi-Doppler pre-compensation pattern benefits connected UE data channel reception.
Observation 5: A GNSS-aware UE can determine the time and frequency pre-compensation that it should apply when transmitting a PRACH preamble. This can result in improved preamble detection performance for all GNSS-aware UEs.
Observation 6: The PRACH guard time for GNSS-aware UEs can be smaller than the PRACH guard time for GNSS-challenged UEs.
Observation 7: If PRACH preamble transmissions from GNSS-aware UEs do not interfere with PRACH preamble transmissions from GNSS-challenged UEs, preamble detection performance for all GNSS-challenged UEs improves.

Our proposals are summarized below.
Proposal 1: The attenuation loss due to forest is reflected for evaluations.
Proposal 2. In open loop power control, UE should be allowed to predict its own transmission power not only based on DL measurement, e.g., pathloss measurement but also other available information, such as gNB ephemeris and UE trajectory.
Proposal 3: Closed loop power control should be supported in NTN and a mechanism to disable closed loop power control should be considered.
Proposal 4: A gNB/satellite applies different values of Doppler pre-compensation to different SSBs.
Proposal 5: A gNB can assign separate PRACH resources to GNSS-aware UEs and GNSS-challenged UEs.
Proposal 6: The BWP configuration is extended to indicate the amount of frequency offset to adjust the PRB grid with respect to the default BWP.
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