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1. Introduction
In RAN #102, a new WI [1]was agreed to define further enhancements for NG-RAN based Non-Terrestrial Networks. A key area of the enhancements is for downlink coverage considering the NTN deployment constraints such as payload power limitation, large satellite foot print and limited feeder link bandwidth.  
In this contribution, we discuss the need of beam groups/patterns for DL coverage enhancements. A beam group or a beam pattern is a set of beams that may be simultanouesly transmitted from the NTN satellite. 

2. Discussions
As described in [1], DL coverage enhancements are needed to accommodate satellite payload constraints which may be unable to have all its beams active with the « nominal » EIRP density per beam at a given time due to limited power and limited feeder link bandwidth, while maximizing the number of beams that can be activated simultaneously, and ensuring that all user terminals can be served across the satellite foot print while maximizing the overall satellite throughput and ensuring that all satellite’s radio cells are kept alive even without traffic but allowing new users to join or preventing impact on end-user QoS.
2.1.   Link margin analysis
A link margin improvement for physical channels such as PDSCH and PDCCH may be considered without impact on SSB design. 
As an example, consider the TR 38.821 LEO set 1 @600 km scenario in FR1 (i.e., S-band), the nominal EIRP density per beam is 34 dBW/MHz, corresponding to a nominal EIRP 41 dBW per beam with 5 MHz allocated bandwidth.
With the given satellite altitude, the satellite footprint diameter is about 1500 km, assuming a minimum elevation of 30°. Thus, to cover the entire footprint area with regular beam size of about 50 km diameter, the total number of satellite beams required is approximately [1200].
To generate all these beams, the hypothetical aggregate EIRP should be: 41 dBW + 10log10(1200) = 72 dBW, which is very high and requires extrem on board processing complexity. Also, a total bandwidth of 6 GHz (5MHz/beam * 1200 beams) spectrum is needed to support all beams simultaneously. 
Considering a more reasonable E = 56 dBW of satellite aggregated power, a maximum number of [N=30] beams can be assumed with the nominal EIRP density. This leads to X= [16 dB] gap between the hypothetical and the reasonable aggregated EIRP. 
To compensate the gap, the number of simultanouse transmitted beams should be restricted. On the other hand, more beams are desirable to increase the instantaneous satellite coverage. Thus, some tradeoff should be performed. 
For example, given that SSB channel (that should not be impacted) feature approx. [9 dB] link margin, it is acceptable to reduce this link margin to the minimum (i.e. 3 dB for system loss) hence requiring to improve the link margin of other physical channels to X1 = [6 dB]. With 6 dB link margin improvement, [120] beams could be generated simultaneously. This link budget ensures the SSB signal coverage. 
For other channels, e.g. PDSCH and PDCCH, additionally X2 dB with an active/total beam ratio with enhanced dynamic and flexible power sharing between beams. Here the ratio is [1/10] to compensate a total of [16 dB] gap. Thus, only [12] beams may be transmitted simultaneously for PDSCHs.
Proposal 1: Link level analysis should be performed to determine 
· the required link margin for each DL channel type, e.g. PDSCH (including RAR), PDCCH, and paging, etc., and 
· the number of simultanouse transmitted beams for each channel type
2.2.   Beam group/pattern properties and parameters
With a large number of beams, to effectively scheduling for data transmissions in the whole coverage area, beam patterns or beam groups are needed. A beam group with a beam pattern contains the beams that may be simultaneous generated. The active beam transmissions can be limited to within a beam group or a beam pattern. The gNB can cyclically transmit among the beam groups/patterns so that all coverage area is served. 
A pre-defined or well-defined beam pattern can be reused for different NTN satellites to provide easy scheduling at the gNB. With a well-defined beam pattern, the beam patterns may be generated by a formula or algorithm without complicated allocations among beams, the beam group index may be determined automatically based on the formula. 
Based on the type of DL channels, some channels have better link margin, and may support a larger number of simultaneous beam transmissions. For example, the SSBs are considered to have sufficient performance and no enhancement is considered. The SSBs may be transmitted simultaneously to all beams in a beam group or beam pattern. A subset of the beams in a beam pattern can be selected for simultaneous PDSCH transmissions with an even larger separation. 
In design of beam group/pattern, the distances among the beams are important parameters, esp. the distances between the active beams for simultaneous transmissions. Intuitively, more distributed patterns with large sparations will have better performance since the cross interference among the active beams can be reduced.
Thus, if possible, the beams should have enough separation in a beam group and/or a beam pattern, i.e. distributed beam patterns are preferred. In a distributed beam pattern, as show in Figure 1, the beams in the beam group or beam pattern can be specified with a minimum distance so that the interference among simultaneous transmitted beams can be limited even if they are neighbor beams in the beam pattern. 
Obviously, the larger beam separation in a beam pattern, the more beam groups/patterns are needed to cover all the footprints, and the less interferences among simultaneous beam transmissions in a beam group/pattern.
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Figure 1. A distributed beam pattern with a minimum beam separation
On the otherhand, the beam groups can be allocated in a centralized pattern, e.g. a sub region under the total footprint coverage area, as shown in Figure 2. In this case, the active simultaneous beams should be allocated in a distributed manner as discussed above. 
[image: ]
Figure 2. Regional/centralized beam group/pattern with distributed active beam transmissions
Proposal 2: Beam group/patterns should be defined for flexible and efficient gNB scheduling. 
· A distributed beam pattern can reduce the interference among simultaneous transmitted beams in a beam group/pattern.
A set of beam patterns can be applied/configured to cover the whole NTN satellite footprint area. Thus, a beam pattern should include some parameter, e.g. the total number of beams. the number of beam groups and/or beam patterns, and the number of beams in a beam group and/or beam pattern, etc.
For LEO, with low orbit, the height is lower, and the transmission distance is shorter, and less transmit power may be required. A MEO satellite has larger coverage than LEO, and GEO has even larger coverage than MEO. 
The higher the orbit, the larger the coverage area, the longer the transmission distance, and the higher transmit power is required to deliver the same amount of information/data. Also a larger coverage area may require a higher number of beams for the coverage footprints, the number of simultaneous transmitted beams may be reduced. 
Therefore, the beam patterns and paramaters should be determined or configured based on the NTN satellite orbit and capabilities, e.g. the available power, the antenna set configuration, etc.
Proposal 3: The beam group/pattern parameters for an NTN satellite should be determined by its orbit and satellite capabilities based on the link margin analysis.
2.3.   Beam patterns and SSBs
To establish a suitable beam pair during the initial access phase, receiver side analog beam sweeping for the preamble reception is the key, esp. for NTN with thousands of beams. The UE measures the SS Blocks (SSBs) to determine the best beam for preamble transmission. Each SSB has a unique SSB index. 
Satellite beams or satellites are not considered to be visible from UE perspective in NTN. An NTN SSB configuration may include multiple SSB indexes. In NTN, there are potentially thousands of beams for the full coverage area, and it is impossible to configure SSBs for each individual beam. Thus, the beam group and/or beam pattern can be used as a beam in each SSB transmission. 
By connecting an SSB index with a specific beam group and/or a beam pattern, the UE can determine the beam group and/or beam pattern index. After initial access, a specific beam for the UE in the beam group and/or beam pattern may be used, an even finer beam may be applied for a unicast DL transmission to a specific UE. Therefore, it is beneficial that the UE will treat each SSB beam as a beam group and/or beam pattern. 
For the NTN satellite and gNB, each SSB index can be used to transmit multiple beams, e.g. beams for a beam group and/or beam pattern. Thus, from the NTN gNB point of view, each SSB time index is associated with a beam group and/or beam pattern, i.e. many different beams instead of one specific beam, e.g. a number of N beams in the beam group and/or beam pattern. 
An NTN UE detects only one beam at any given time, and belongs to a single beam group or a beam pattern. The UE may detect an SSB index without knowing the beam pattern configurations, i.e. the beam pattern may be transparent to the NTN UEs. The beam group/pattern configuration can be implemented by the gNB and satellites without additional information to the UEs. The UEs can reuse existing beam management methods, where a beam seen at a UE may be associated with all beams or a subset of beams in a beam group/pattern at the gNB. 
Proposal 4: An SSB index may be configured/assocaitated with a beam group/pattern, which may be transparent to NTN UEs.

3. Conclusions
In this contribution, we discussed the NTN DL coverage enhancements, esp. the need of beam patterns, and the design principles of beam pattern. Based on the discussions, we propose the following:
Proposal 1: Link level analysis should be performed to determine 
· the required link margin for each DL channel type, e.g. PDSCH (including RAR), PDCCH, and paging, etc., and 
· the number of simultanouse transmitted beams for each channel type
Proposal 2: Beam group/patterns should be defined for flexible and efficient gNB scheduling. 
· A distributed beam pattern can reduce the interference among simultaneous transmitted beams in a beam group/pattern.
Proposal 3: The beam group/pattern parameters for an NTN satellite should be determined by its orbit and satellite capabilities based on the link margin analysis.
Proposal 4: An SSB index may be configured/assocaitate with a beam pattern, which may be transparent to NTN UEs.
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