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1  Introduction
In previous RAN1 meetings, the study of downlink coverage enhancement in NR NTN had been discussed, focusing on the evaluation methodology, simulation assumptions and link budget analysis for DL coverage performance. And in last RAN2 meeting, RAN2 has discussed the RAN1 progress of downlink coverage enhancement and the RAN2 aspects of DL coverage enhancements (e.g. cell level / beam level DTX/DRX mechanism, etc.). After discussion, RAN2 understands the prioritized task is to identify questions to RAN1 for aspects where we need their input.
2 Discussion
According to the WID objective, Rel-18 network energy saving techniques are expected to be reused as baseline for DL system level enhancement: 
· Rel-18 network energy saving techniques should be considered as baseline in the system level study
	[bookmark: _Toc155991553]15.4.2.3	Cell DTX/DRX
To facilitate reducing gNB downlink transmission/uplink reception active time, UE can be configured with a periodic cell DTX/DRX pattern (i.e. active and non-active periods). The pattern configuration for cell DTX/DRX is common for the UEs configured with this feature in the cell. The cell DTX and cell DRX patterns can be configured and activated separately. A maximum of two cell DTX/DRX patterns can be configured per MAC entity for different serving cells. When cell DTX is configured and activated for the concerned cell, the UE may not monitor PDCCH in selected cases or does not monitor SPS occasions during cell DTX non-active duration. When cell DRX is configured and activated for the concerned cell, the UE does not transmit on CG resources or does not transmit a SR during cell DRX non-active duration. This feature is only applicable to UEs in RRC_CONNECTED state and it does not impact Random Access procedure, SSB transmission, paging, and system information broadcasting.  Cell DTX/DRX can be activated/deactivated by RRC signalling or L1 group common signalling. Cell DTX/DRX is characterized by the following:
-	active duration: duration that the UE waits for to receive PDCCHs or SPS occasions, and transmit SR or CG. In this duration, the gNB transmission/reception of PDCCH, SPS, SR, CG, periodic and semi-persistent CSI report are not impacted for the purpose of network energy saving;
-	cycle: specifies the periodic repetition of the active-duration followed by a period of non-active duration.
Active duration and cycle parameters are common between cell DTX and cell DRX, when both are configured;




As specified above, current cell DTX/DRX patterns in Rel-18 NES is common for the UEs configured with this feature in the cell. For Rel-18 NES, a serving cell can be configured with either DTX or DTX+DRX. For cell DTX/DRX, each Serving Cell may be configured by RRC with a periodic cell pattern with only two status, i.e., Active and Inactive Periods. 

However, according to the agreed assumption in RAN1, it is mentioned that a satellite may have large satellite footprint and limited feeder link bandwidth, especially in Set1-2 in RAN1 agreement. For Set1-2, the number of active beams is just 16, which is constrained by satellite payload capability, it is not be able to provide NR service for all beam footprints, the total number of the beam footprints is 1058. As shown in the table, without system level coverage enhancement, the effective coverage providing communication service/common signaling can only be transmitted for 1.5% of beam footprints within a satellite footprint. 
Observation 1: the percentage of the served beam footprints is extremely low, the number of active beams is just 16, which is constrained by satellite payload capability, it is not be able to provide NR service for all beam footprints, the total number of the beam footprints is 1058.
Observation 2: the cell level DTX/DRX mechanism, which only allows all the beams of a cell to switch on/off at the same time, cannot be applied to the current use case.
As specified, DTX enables a cell to dynamically turn on its Tx, while DRX enables a cell to dynamically turn on its Rx. Concerning that the low percentage of the served beam footprints, it is straightforward to use beam level DTX to dynamically hopping some beam transmissions. For beam DRX, it seems nothing to do with EIPR issue, RAN2 may need to decide whether to consider beam DRX.
[bookmark: _GoBack]Proposal 1:RAN2 to discuss whether beam DRX is supported or not for DL EIRP reduction issue.
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Figure 1 Illustration of satellite footprint and beam footprint (N1,N2,N3)

Moreover, in RAN1#116, it is agreed to introduce three status for beam footprints:
· N1 beam footprints are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprints are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprints are in state “active traffic” 
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access

This means that a UE in a satellite cell is expected to be transited among the three status for beam footprints, as shown in the figure 2 beam status switch among N1,N2,N3 during RA procedure. From our perspective, although a UE can be configured with a periodic cell DTX/DRX pattern (i.e. active and non-active periods) for reducing gNB downlink transmission/uplink reception active time seems can be utilized for the DL system level enhancement (i.e., beam hopping ) use case. However, the SSB pattern enhancement and beam status transition for the DL system level enhancement is possible to be more complex and diverse than that for R18 network energy.
[image: ]
Figure 2 Illustration of possible the N2/N3 switching manners triggered during the RACH procedure

For example, the following design will impact on the pattern design, as shown in figure 2, figure 3:
· How to specify the transition amongst coverage hole (N1, no beam) the common beam (N2, wide beam) and the dedicated beam (N3, narrow beam)
· How to design the re-visit interval
· How to design the dwelling period

Table 1  Comparison of UE behavior between DTX/DRX and Beam hopping
	R18 NES
	R19 beam hopping
	RRC Connected UE Behavior
	IDLE UE Behaviour

	Active status
	N3
	Regular UE behaviors
	

	Cell DTX non-active status
	N2
	Not monitor PDCCH in certain cases
Not monitor SPS
	For NES, no impact to idle UE, e.g., RACH, paging, SIBs and SSB transmission;
For beam hopping, the pattern needs take the re-visit interval and dwelling period into consideration

	Cell DRX non-active status
	N2
	Not transmit on CG resources
No SR transmission
No periodic/semi-persistent CSI reporting
No periodic/semi-persistent SRS
	

	NULL
	N1
	Nothing to be received/transmitted
	



On the other hand, as elaborated above, the satellite cell has larger coverage area with respect to terrestrial networks. While the total Tx power and number of active beams are limited by the satellite payload restrictions. Therefore, it requires the SSBs/SIBs can be transmitted more sparsely than current SSB pattern for different beam footprints to support more served beams. This would extend the SSB burst periodicity for each satellite beam footprint. For example, as shown in the above table for Set1-2, since the number of active beams is just 16, and the total number of the beam footprints is 1058, the value of  can be derived, i.e., >=340ms. Considering the  should be set as the powers of 2, the candidate  value can be 320ms for 94% coverage ratio, or 640ms for 100% coverage ratio. Currently, it is specified as follows:
If the UE cannot determine the full contents of the minimum SI of a cell by receiving from that cell, the UE shall consider that cell as barred.
[image: ]

Figure 3 Illustration of extension the default /actual Tx for cell search/detection in NTN system
Obviously, the current default  value is 20ms is not suitable for NTN system, where the initial access is prone to be failure. Although some may argue that this will bring the negative impact on legacy UE which regard 20ms as the default SSB detect period, nevertheless, there is no much R17/R18 UE for NTN deployed in commercial market. 
Even the current default  value is 20ms, the actual transmission  broadcasted in SIB1 can be set as { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 } in ssb-periodicityServingCell , the same issue occur as the the actual transmission  is longer than 20ms, e.g., 40ms, 80ms and 160ms.
Observation 2: the current default  value is 20ms is not suitable for NTN system, where the initial access is prone to be failure. 
Similarly, on top of default  for cell detection/search, the actual transmission  broadcasted in SIB1, periodicity of other common control channels (e.g. CORESET0/SIB1, SIB19) demands the value extension as well.
On the other hand, RAN1 had agreed to consider the dwell time and revisit time interval for each beam, as shown in figure 2. Obviously, the impact on system information needs to be considered as well, e.g., the enhanced SSB/SMTC pattern configuration for the dwell time and revisit time interval for each beam illumination across the coverage and the corresponding SI window design.
Observation 3: the dwell time and revisit time interval for each beam illumination across the coverage will impact on the SSB/SMTC pattern configuration  and the corresponding SI window design, which also impact on DTX, DRX pattern design.
Proposal 2: RAN1 is required to feedback the information which will impact on the DTX/DRX design for DL EIRP reduction issue, as follows:
· How to specify the transition amongst coverage hole (N1, no beam) the common beam (N2, wide beam) and the dedicated beam (N3, narrow beam)
· How to design the re-visit interval
· How to design the dwelling period
3 Summary
Observation 1: the percentage of the served beam footprints is extremely low, the number of active beams is just 16, which is constrained by satellite payload capability, it is not be able to provide NR service for all beam footprints, the total number of the beam footprints is 1058.
Observation 2: the cell level DTX/DRX mechanism cannot be applied to the current use case, which only allows all the beams of a cell to switch on/off at the same time. 
Observation 3: the current default  value is 20ms is not suitable for NTN system, where the initial access is prone to be failure. 
Observation 4: the dwell time and revisit time interval for each beam illumination across the coverage will impact on the SSB/SMTC pattern configuration  and the corresponding SI window design, which also impact on DTX, DRX pattern design, as follows:
	R18 NES
	R19 beam hopping
	RRC Connected UE Behavior
	IDLE UE Behaviour

	Active status
	N3
	Regular UE behaviors
	

	Cell DTX non-active status
	N2
	Not monitor PDCCH in certain cases
Not monitor SPS
	For NES, no impact to idle UE, e.g., RACH, paging, SIBs and SSB transmission;
For beam hopping, the pattern needs take the re-visit interval and dwelling period into consideration

	Cell DRX non-active status
	N2
	Not transmit on CG resources
No SR transmission
No periodic/semi-persistent CSI reporting
No periodic/semi-persistent SRS
	

	NULL
	N1
	Nothing to be received/transmitted
	




4 Conclusion
Proposal 1: RAN2 to discuss whether beam DRX is supported or not for DL EIRP reduction issue.
Proposal 2: RAN1 is required to feedback the information which will impact on the DTX/DRX design for DL EIRP reduction issue, as follows:
· How to specify the transition amongst coverage hole (N1, no beam) the common beam (N2, wide beam) and the dedicated beam (N3, narrow beam)
· How to design the re-visit interval
· How to design the dwelling period
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