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1. Introduction
In RAN1 #116, the following agreements on downlink coverage enhancement for NR-NTN have been achieved.
	Agreement
For DL coverage study, consider the following additional reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band), referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1:

	 LEO600km Set1-1 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size(Note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	31.24

	Aggregated EIRP (Total) (dBW)
	61.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints***
	1058

	Total number of simultaneously active beams **
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 61.24 dBm for the reference configuration. 
**Assuming 100 % Resource Block utilization within the same beam at max power. Absolute number of simultaneously active beams is up to 212 (due to limitation of RF) 
*** For a constellation design at 600km with low elevation angle with 30° and selected (i.e Set 1 parameters) beam size
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set1-2 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	23

	Aggregated EIRP (Total) (dBW)
	53*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	16

	% simultaneously active beams**
	1.5 %

	*Note: EIRP limit is 53 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	23.24

	Aggregated EIRP (Total) (dBW)
	53.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	33

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 53.24 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 212 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



Note: RAN1 will aim to identify necessary enhancements for these scenarios in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential enhancements will be specified within Rel-19 framework.

Agreement
For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):

	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	TBD in next meeting

	Satellite EIRP density /beam (dBW/MHz)
	

	Payload Total DL power level (dBW)
	

	Aggregated EIRP (Total) (dBW)
	

	Satellite Tx max Gain
	

	EIRP per Satellite beam (dBW)
	

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	Note 1: A typical deployment scenario in FR2 should consider 800 satellites beams per a single satellite coverage area with an absolute number of simultaneously active beams equal to 16 (due to limitation of RF)








In this contribution, we discuss the satellite beam hopping aspects related to the DL coverage enhancements for NTN.
2. Discussion on Beam Hopping for NR-NTN

2.1. Beam hopping configurations:

Beam hopping technique is considered to enhance the downlink coverage considering that the satellite allocated power is not enough to have all the beams required to cover the satellite footprint active at the same time. Many parameters should be considered when designing the beam hopping pattern, where these parameters are constrained in time-domain by 5G NR procedures such as cell discovery and initial access, system information reception, and scheduling. 

· Beam hopping time plan: It is the time plan for the beam hopping pattern.
· Beam dwell time: It is the time duration in which a beam is going to be illuminated.
· Beam hopping period: It is the periodicity of the beam hopping pattern.
· Beam offset: It is time interval between the start of the beam hopping time plan and the beam dwell time, which is different for different groups of beams.

By considering set 1-1 and set 1-3 for FR1, we might have around100 active beams at the same time out of a total 1058 beams (1000 total beams in the fig. 1), where each group of 100 beams are illuminated at the same time subsequently.
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Figure 1. Beam Hopping Pattern

2.2. Beam dwell time and beam revisit time:

As outlined in the work item objective NGSO is be considered in priority at LEO @ 600 km with Set-1 satellite parameters. System level study is targeting FR1-NTN and/or FR2-NTN. 

The defined beam hopping periodicity and the beam dwell time should be consistent with the periodicity of 5G common control signaling such as SSB, Type0/0A-PDCCH, SIB1, and SIB19 for NTN. 

Two methods could be considered when mapping the satellite beams to NR beams/SSB:




· Method1: multiple satellite beams are mapped to one SSB pattern:

Each group of beams allocated at the same dwell time could be allocated the same SSB index/pattern, where the UE only sees the SSB beam/ NR beam but not the satellite beam, which is transparent for the UE. This configuration allows the transmission of one SSB utilizing 4 OFDM symbols within the beam dwell time, while transmitting other control and data information.

Proposal 1: The number of beams active at the same time/the same dwell time could be grouped and defined by one SSB pattern/SSB index.

The minimum beam dwell time should be enough to allow the UE to receive the necessary information for cell discovery and initial access, which are the following:

· SSB requires 4 OFDM symbols.
· Type0 PDCCH requires 2 OFDM symbols.
· Type0A PDCCH requires 2 OFDM symbols.
· SIB1 requires 12 OFDM symbols (PDSCH).
· SIB19 requires 12 OFDM symbols (PDSCH).
Subsequently, the dwell time should be (4 + 2 + 2 + 12 + 12 = 32 OFDM symbols), which corresponds to more than two time slots. This means that the dwell time should be 3ms at least to deliver the necessary information to the UEs for cell discovery and initial access without taking the data and other common control signaling into account.


By taking set1-1 and set1-3 as an example, and since UEs in IDLE mode are expected to receive SSB once every 20ms, the beam revisit time should be no more than 20ms, which means that a maximum of 2ms beam dwell time could be achieved, which is not enough to receive all necessary signaling information as already mentioned. A maximum dwell time of 16ms could be achieved in this case if an SSB periodicity of 160ms was considered.

By considering set1-2 where 16 beams could be active at the same time with a coverage ratio of 1.6%. Ensuring an SSB periodicity of 20ms, while having one SSB pattern for every 16 satellite beams, requires a beam dwell time of no more than 0.5ms, which is not realistic. Even by extending the SSB periodicity to 160ms, the beam dwell time could be around 2ms, which is not enough as already mentioned.

Observation 1: A beam dwell time of 2ms might not be enough to transmit common control signaling (e.g., SSB, Type0/0A-PDCCH, SIB1, and SIB19) and other data transmissions.

Observation 2: A maximum dwell time of 16ms could be achieved for set1-1 and set1-3 if an SSB periodicity of 160ms was considered.

Observation 3: Set 1-2 is not enough to ensure receiving the necessary common control signaling (e.g., SSB, Type0/0A-PDCCH, SIB1, and SIB19) even by considering an SSB periodicity of 160ms.

Observation 4: Increasing the beam dwell time increases the beam revisit time, which requires increasing the SSB periodicity.

Increasing the periodicity of SSB during initial access might have impact on the UE synchronization, where in NTN for LEO600, the timing offset and the frequency offset reported in TR38.821 might be 50 µs/s and 0.3 ppm/s respectively, which means that for an SSB periodicity of 160ms, the timing offset after 160ms could be around 8 µs, while the frequency offset could be around 96 Hz, which might have impact on initial access and UE synchronization. Additionally, increasing the periodicity of SSB increases the latency associated with initial access.

Observation 5: Increasing the periodicity of SSB impacts initial access in terms of latency and synchronization.

Proposal 2: RAN1 to study the impact of increasing the periodicity of SSB during initial access on legacy UEs.


· Method 2: Sweeping a satellite beam in an SSB burst TDM-multiplexed manner (mapping a satellite beam to many SSBs): 

Increasing the beam dwell time while keeping an SSB periodicity of 20ms could be achieved by sweeping each active satellite beam in an SSB TDM-multiplexed manner, where each satellite beam could provide coverage to 4 satellite footprints in a TDM manner in case 4 SSBs were transmitted in an SSB burst utilizing 5ms. In this case, the minimum dwell time might be at least 5ms to ensure a successful SSB burst transmission within the beam dwell time. 4 SSBs require 4×4 = 16 OFDM symbols, which leaves 5 × 14 – 16 = 54 OFDM symbols for other necessary control signaling and data.

For set 1-1 and 1-3, the total number of satellite footprints that could be served at the same time using 106 active satellite beams equals to 106 *4 = 424 satellite footprints. The SSB periodicity of 20ms could be achieved considering that every 424 satellite footprints out of 1058 could be covered by 106 beams during a dwell time duration of 5ms.

For set 1-2, achieving an SSB periodicity of 20ms can not be achieved, where only 16*4 satellite footprints out of 1058 can be served within 5ms. The SSB periodicity that can be achieved in this case is 80ms.


Observation 6: More satellite footprints could be covered using the active satellite beams by sweeping each active satellite beam in an SSB TDM-mulitplexed manner.

Observation 7: The SSB periodicity of 20ms could be achieved for set1-1 and set1-3 by sweeping each active satellite beam in an SSB TDM-mulitplexed manner, where each SSB burst consists of 4 SSBs and the beam dwell time is 5ms required to transmit the SSB burst.

Observation 8: The SSB periodicity of 20ms could not be achieved for set1-2 even by sweeping each active satellite beam in an SSB TDM-mulitplexed manner, where an SSB periodicity of at least 80ms might be required.

3. Conclusion

Observation 1: A beam dwell time of 2ms might not be enough to transmit common control signaling (e.g., SSB, Type0/0A-PDCCH, SIB1, and SIB19) and other data transmissions.

Observation 2: A maximum dwell time of 16ms could be achieved for set1-1 and set1-3 if an SSB periodicity of 160ms was considered.

Observation 3: Set 1-2 is not enough to ensure receiving the necessary common control signaling (e.g., SSB, Type0/0A-PDCCH, SIB1, and SIB19) even by considering an SSB periodicity of 160ms.

Observation 4: Increasing the beam dwell time increases the beam revisit time, which requires increasing the SSB periodicity.

Observation 5: Increasing the periodicity of SSB impacts initial access in terms of latency and synchronization.

Observation 6: More satellite footprints could be covered using the active satellite beams by sweeping each active satellite beam in an SSB TDM-mulitplexed manner.

Observation 7: The SSB periodicity of 20ms could be achieved for set1-1 and set1-3 by sweeping each active satellite beam in an SSB TDM-mulitplexed manner, where each SSB burst consists of 4 SSBs and the beam dwell time is 5ms required to transmit the SSB burst.

Observation 8: The SSB periodicity of 20ms could not be achieved for set1-2 even by sweeping each active satellite beam in an SSB TDM-mulitplexed manner, where an SSB periodicity of at least 80ms might be required.

Proposal 1: The number of beams active at the same time/the same dwell time could be grouped and defined by one SSB pattern/SSB index.

Proposal 2: RAN1 to study the impact of increasing the periodicity of SSB during initial access on legacy UEs.
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