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Introduction
[bookmark: _Ref481671177][bookmark: _GoBack]A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was approved at RAN Plenary #86 [1]. The study item phase has identified issues and made recommendations on beam management in a TP to 38.821 agreed in RAN1#99 [2]. In this contribution, we summarize issues and discuss potential solutions for beam management for NR NTN. 
Association of SSBs, beams and BWPs 
The following agreements were made in RAN1#103e
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

Rel-15 NR UE uses initial BWP#0 for initial cell access including SSB, paging, and PRACH.  DCI signaling is used to indicate BWP switching.  A device needs first to switch from the serving BWP#x to initial BWP#0, then switch to BWP#Y.  There can be up to 4 BWPs configured in Rel-15 NR – i.e. BWP#0, BWP#1, BWP#2, and BWP#3.
There were two options for mapping of PCI and SSB in TR 38.821 [2].
· Option a: multiple beams per PCI with beam specific SSB.
· Option b: one beam per PCI.
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Figure 1: Mapping options for PCI/SSBs in NTN

Option for cell/BWP mapping with anchor beam
One option shown in Figure 2 is to configure a wider anchor beam with initial BWP#0 with a single spot beam or multiple smaller spot beams each associated with a BWP dedicated for data transmission. There is one Physical Cell Identity mapped to the satellite cell (mapping Option b for PCI/SSBs). This option allows to re-use Rel-15 Beam management mechanisms. In case of very large satellite cell with a large number of beams, maintaining an operational C/N level of the anchor beam may require significant share of EIRP available for DL transmission and a large CORESET #0 may be needed.  
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Figure 2: Anchor beam transmitting BWP#0
Legacy satellite GEO systems typically support a regional beam spot of several 1000 km and local beams of several 100 km. The regional beam is used for synchronization, system configuration, paging, initial access. The local beams are used for data. The link budget in LEO is less challenging than in GEO.
DL synchronization with much larger Doppler shift could be experienced on the anchor beam assuming multiple beams as illustrated in Figure 2 (a). A simple solution for NR NTN to support an anchor beam of 1000 km beam diameter is that the UE uses a larger tone raster for DL synchronization during initial cell access. The raster spacing in NR based on Table 5.4.3.1-1 in TS 38.104 is shown below. We also show the the maximum residual frequency offset and corresponding maximum beam diameter at the Nadir. A +/-10ppm free running oscillator accuracy is used in the device. 
· Fc<3GHz: raster 100KHz, residual frequency offset ±15 kHz, max beam diameter 340 km 
· 3GHz<Fc<24.25GHz (effectively 6GHz): raster 1.44MHz, residual frequency offset ±58 kHz, max beam diameter > 1000 km
· Fc>24.25GHz: raster 17.28MHz, , residual frequency offset ±70 kHz, max beam diameter > 1000 km   

Options for cell/BWP mapping 
There were 4 options considered for the cell/BWP/frequency mapping in RAN1#103e as illustrated in Figure 3 [3].



Figure 3: Options for cell/BWP mapping

Option 1 assumes one beam per cell and corresponds to Option b for PCI/SSBs. With only one beam per cell, there can be only one initial BWP#0. Rel-15 NR mechanisms can be reused for this Option 1 without any enhancements needed.
The other options 2, 3, and 4 are assumed to be without an anchor beam with initial BWP#0. Option 2 with beams on the same BWP grouped as a cell with one PCI mapped per cell, Option 3 with beams in proximity grouped as a cell with one PCI mapped to multiple beams/BWPs, and Option 4 with all beams grouped as a cell with one PCI mapped per cell are all options with multiple beams per cell corresponding to Option a for PCI/SSBs. The main points of discussion for these Option 2, 3, and 4 are:
1. Whether there is no anchor beam with BWP#0 configured.
2. Alternatives for SSB arrangements. 
In 1), with no anchor beam with BWP#0 configured, each beam needs to be configured with an initial BWP which is a significant change from Rel-15 NR specifications. The specification of beam-specific initial BWPs is likely to require more measurements with gaps and interruptions required due to frequent BWP switches for measurements. In Rel-15, a device needs first to switch from the serving BWP#X to initial BWP#0, then switch to BWP#Y.  If no initial BWP#0, it is not clear what happens in case beam switch to beam mapped to BWP#Y should actually be beam switch to beam mapped to BWP#Z. gNB should indicate which beam to switch to via DCI based on measurements reported on BWP#X. But device may already not be able to receive on BWP#X since beam not in coverage of the corresponding beam anymore. DCI signaling should normally be used to indicate BWP switching from BWP#X to BWP#Y. It is not possible to switch back to BWP#0 since it is assumed there is no anchor beam mapped to BWP#0 covering smaller beams in BWP#1,2,3 for LEO. What happens if measurements wrong due to weak signals on BWP#Y or BWP#Z. There may be serious error cases where the device cannot recover if no default initial BWP#0 mapped to anchor beam and would need to do an initial access to satellite cell again.
  
In 2), the implications of the mapping of SSBs per beam as illustrated in Figure 4 are further discussed.
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Figure 4: Alternatives for the mapping of SSBs per beam.


Alt.1 SSB transmissions in same frequency interval
Each beam is mapped to a BWP. As in Rel-15 NR, SSB transmissions may take place within a BWP and within the same frequency interval. The devices measures SSBs within the same frequency interval to determine the SSB index in time for the best beam and its corresponding CORESET, decode the SIB1 to get configuration for CORESET type 0A (for SI acquisition), type 1 (for RAR and CR), type 2 (for paging) and get the UE-specific CORESET configuration. This is simpler way, as it does not require retuning of frequency in the device. 
A LEO satellite cell may have m beams, where there can x10 to x100 of beams, which is expected to have two drawbacks – (i) The initial access time could be longer and (ii) CORESET#0, SIB1 overhead, SI overhead, Paging overhead. It could be beneficial to reduce SI reading by sharing more common SIs between BWPs. 
Alt.2 SSB transmissions in different frequency intervals. 
Each beam is mapped to a BWP. A fundamental deviation from NR mechanisms is that SSB transmissions may take place in different BWPs and in different frequency intervals. The device within coverage of a beam mapped to BWP#X will need to re-tune its frequency to make measurements on BWP#Y, then retune its frequency back to BWP#X and report measurements to gNB. 
Based on the above discussions we make the following observations:
Observation 1: Anchor beam transmitting BWP#0 and comprising single or multiple spot beams each associated with a BWP dedicated for data transmission allows to re-use Rel-15 Beam management mechanisms.
Observation 2: SSB transmissions without anchor beam may lead to beam switching failure requiring device to access cell again.
Observation 2: SSB transmissions in same frequency interval without anchor beam requires beam-specific initial BWPs with longer initial access time. 
Observation 4: SSB arrangements in different frequency intervals without anchor beam requires beam-specific initial BWPs with longer initial access time and may require specification of new measurements with gaps due to frequent R retuning and BWP switches.     
Proposal 1: Anchor beam transmitting initial BWP#0 and comprising multiple spotbeams each associated with a BWP dedicated for data transmission is baseline for NR NTN Beam Management and BWP configuration.

Conclusion
In this contribution, we summarize issues and discuss potential solutions for beam management and BWP configuration in NR NTN.
Observation 1: Anchor beam transmitting BWP#0 and comprising single or multiple spot beams each associated with a BWP dedicated for data transmission allows to re-use Rel-15 Beam management mechanisms.
Observation 2: SSB transmissions without anchor beam may lead to beam switching failure requiring device to access cell again.
Observation 2: SSB transmissions in same frequency interval without anchor beam requires beam-specific initial BWPs with longer initial access time. 
Observation 4: SSB arrangements in different frequency intervals without anchor beam requires beam-specific initial BWPs with longer initial access time and may require specification of new measurements with gaps due to frequent R retuning and BWP switches.     
Proposal 1: Anchor beam transmitting initial BWP#0 and comprising multiple spotbeams each associated with a BWP dedicated for data transmission is baseline for NR NTN Beam Management and BWP configuration.
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