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1. Introduction
A key area of the enhancements in the WI [1] 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 revision contribution of [2], we present our views on the limits of simulateneous beam transmissions for different types of DL channels, and the principles to divide beam groups/patterns for DL coverage enhancement. 

2. Discussions
RAN1 #116 agreed on the channels/signals that can be considered for evaluations for NR NTN DL coverage enhancement [3], including PDSCH for VoIP, low data rate service, Msg 2, Msg 4, SIB and paging, PDCCH, and SSB. In RAN1 #116bis[3], more simlulation assumptions, parameters, and performance critieria were updated for link level and system level evaluations. 
Based on our preliminary evaluation and analysis, we observed that different DL chanenls have different link budgets and thus result in different gaps for compensation. 
Based on the observations, the SSB has the best link budget, followed by PDSCH for paging and PDSCH carrying SIB. The PDSCH Msg.2 and Msg.4 required more compensation than PBCH. The gap is the largest for PDSCH carrying data for both VoIP and low data service.
To compensate the gap, the number of simultanouse transmitted beams should be restricted for different types of DL channels. Besides reducing the number of simultaneous transmutting beams, techinques like repetition can be jointly considered for the link budget enhancement. Based on the channel types, repetitions and the repetition numbers may be configured separately. 
Proposal 1: Link level results can be used to determine the naximum number of simultanouse transmitted beams for each channel type. 
For example, given that SSBs and PBCHs 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 6 dB. With 6 dB link margin improvement, approximately ~100 beams could be generated simultaneously. This link budget ensures the SSB signal coverage. 
Therefore, to provide DL coverage with the maximum number of beams, the total footprint area can be partitioned into multiple beam groups based on the best DL channel, i.e. SSBs. A beam group is a set of beams that may be simultanouesly transmitted from the NTN satellite. A beam group may be separated with a beam pattern. 
The SSB performance should be evaluated with longer periodicity than 20ms to determine the beam group size. The gNB can scheduled different sets of SSBs for different beam groups, but the NTN UE will only detect SSBs from one beam. Thus, the observed SSN periodicity will be more than 20ms, e.g. with a given number of beam groups n and a 5ms SSB burst, the SSB periodicity will be 5n.
Proposal 2: Beam groups should be defined based on the determined maximim number of simultaneouse beams for SSBs and PBCHs.
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 3: An SSB index may be configured/assocaitated with a beam group/pattern, which may be transparent to NTN UEs.
Furthermore, based on the observations, additional link budget compensation is needed for RAR Msg.2 and following Msg.4 in the RACH procedure. Sicne RACH procedure is performed first for the NTN access, the Msg. 2/Msg.4 performance should be guaranteed to establish the connectivity. 
If the Msg.2 or Msg.4 is transmitted on all beams, the number of transmissions will be very large with huge overhead and resource waste. Additional methods of beam refinement may be considered for the Msg.2/4 transmission, e.g. determine the beam group based on  the PRACH preamble, and determine the actual beam or a small number of beams with the beam group. 
Furthermore, additional sets of parameters, e.g. MCS setting, repetition configuration, can also be included for Msg.2/Msg4. For example, the UE can indicate the selection of the configuration in the preamble, or the the gNB can select a more robust configuration for Msg.2.
Proposal 4: For RACH procedure, methods of beam determination/reduction should be considered within a beam group to reduce the number of simultaneous beams for PDSCH Msg2, and Msg 4.
For other PDSCH channels, additionally link budget is needed. To increase the link budget, an active/total beam ratio of around 1/10 can be applied.  Enhanced dynamic and flexible power sharing between beams can be further employed based on the traffic load conditions. Thus, only ~10-12 beams may be transmitted simultaneously for PDSCHs carrying data.
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. 
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. 
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.
Proposal 5: Beam group/patterns can be defined for efficient gNB scheduling. A distributed beam pattern can reduce the interference among simultaneous transmitted beams.
The gNB can cyclically transmit among the beam groups/patterns so that all coverage area is served. To reduce system complexity, the active beam transmissions can be limited to the beams within a beam group or a beam pattern. In this case, the UEs in a given beam group do not need to monitor the DL transmissions targeted for other beam groups. Therefore, the gNB can indicate a DL monitoring timeslot pattern, e.g. a beam group specific DRX pattern or timeslot bitmap, to minimize the unnecessary DL reception at the NTN UEs. 
Proposal 6: Active simultaneous transmitting beams can be limited within a beam group at any given time. DL monitoring pattern can be introduced to minimize the UE monitoring periods.

3. Conclusions
In this contribution, we discussed the NTN DL coverage enhancements, on the link budget analysis, and the design principles of beam groups. Based on the discussions, we propose the following:
Proposal 1: Link level results can be used to determine the naximum number of simultanouse transmitted beams for each channel type. 
Proposal 2: Beam groups should be defined based on the determined maximim number of simultaneouse beams for SSBs and PBCHs, etc.
Proposal 3: An SSB index may be configured/assocaitated with a beam group/pattern, which may be transparent to NTN UEs.
Proposal 4: For RACH procedure, methods of beam determination/reduction should be considered within a beam group to reduce the number of simultaneous beams for PDSCH Msg2, and Msg 4.
Proposal 5: Beam group/patterns can be defined for efficient gNB scheduling. A distributed beam pattern can reduce the interference among simultaneous transmitted beams.
Proposal 6: Active simultaneous transmitting beams can be limited within a beam group at any given time. DL monitoring pattern can be introduced to minimize the UE monitoring periods.
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