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1 Introduction

In RAN #102 meeting, R19 NR NTN enhancement WI was agreed in [1] with the following objective for downlink coverage enhancement:
	1. Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]

· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.

· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.

· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.

· Notes for this objective:

· SSB channel enhancement is not considered

· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE

· NGSO to be considered in priority: LEO Set-1 @ 600 km

· Rel-18 network energy saving techniques should be considered as baseline in the system level study


In this contribution, we will provide our view on system level enhancement.
2 Discussion
Due to power limitation or RF limitation of satellite, satellite may not be able to activate all its beams at the EIRP density defined in TR 38.821. As a result, RAN1 is studying the beam hopping solution for system level enhancement. Satellite Beam Hopping (BH) refers to a sequential and repetitive beam illumination pattern decided by the mission segment (NCC). It is a well-known technique considered for multi-beam satellite communication system. It allows a satellite focusing its radio resources (Tx power and allocated spectrum) on where it is needed (typically according to traffic demand) by selectively illuminating beams[1].
RAN1 defined three beam states for analytical evaluation:
	Agreement
For system level study based on analytical evaluation:
· 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

· N1 + N2 + N3 = “Total number of beam footprints “ 

· N1, N2, N3, X are to be reported by companies.

· Resource utilization obtained under the assumptions above is to be reported by companies.

· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.




For common messages only state, it refers to SSB/PBCH, SIB1-5, SIB19, paging, and RACH access. 
For off state, there is no any signal transmission, which is quite different from NES cell DTX/DRX, where RACH procedure is still allowed in DTX/DRX inactive period. Currently, it is still unclear how the off state is achieved. There may be two potential ways:

Alt 1: For periodic downlink common message transmission (i.e. SSB/PBCH, SIB1-5, SIB19, paging) the off period is the period outside the transmission window of the periodic downlink common message. For example, for paging, the off period is the time that there is no paging occasion.
Alt 2: A explicitly defined time duration, during which no common message can be sent, even when their transmission window falls into the time duration. This option is more feasible for random access and active traffic.
For alt 1, we provide some analysis on whether it is possible to support periodic common message reception (SSB/SIB1-5/SIB19/Paging) with beam hopping to satisfy the total number of beam footprints within the periodicity. 
To begin with, RAN1 has additionally defined 3 sets of reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band) for DL coverage study, referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1, as shown in table below:

	
	Total number of beam footprints
	Total number of simultaneously active beams

	Set1-1 FR1
	1058
	106

	Set1-2 FR1
	1058
	16(Note)

	Set1-3 FR1
	1058
	106

	Note: Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)


SSB
For initial access, the default SSB periodicity is 20ms. RAN1 has looked into the potential of extending SSB periodicity, including default SSB periodicity, in order to better support beam hopping. No agreement was reached in last RAN1 meeting. But many companies expressed the concern that extending SSB periodicity is not backward compatible. And some analysis [2] showed that total number of beam footprints can be reached by beam hopping for set 1-1, 1-2 and 1-3 within 20ms. Anyway, it is up to RAN1 to decide whether any SSB enhancement is needed.
System information reception:

For idle/inactive mode UE, UE at least needs to receive MIB, SIB1, SIB2~5, and SIB19. The SI window size can be{s5, s10, s20, s40, s80, s160, s320, s640, s1280, s2560-v1710, s5120-v1710}, and SI periodicity can be{ rf8, rf16, rf32, rf64, rf128, rf256, rf512}. Assuming that SCS = 15kHz, SIB2-5 and SIB19 are included in 1 or 3 SI messages, and assuming minimum SI window, i.e. 5 slots (i.e. 5ms). Then the required minimum SI periodicity is shown in table below:
	
	Set1-1/Set1-3 FR1
	Minimum SI periodicity

(three SI message) Set1-2 FR1

	Minimum SI periodicity

(one SI message, SI window = 5)
	5*(1058/106) = 50ms, i.e. SI periodicity = 80ms
	5*(1058/16) = 330ms, i.e. SI periodicity =  320ms

	Minimum SI periodicity

(one SI message, SI window = 20)
	20*(1058/106) = 200ms, i.e. SI periodicity = 320ms
	20*(1058/16) = 1320ms, i.e. SI periodicity =  2560ms

	Minimum SI periodicity

(3 SI message, SI window = 5)
	3*5*(1058/106) = 150ms, i.e. SI periodicity = 160ms
	3*5*(1058/16) = 990ms, i.e. SI periodicity =  1280ms

	Minimum SI periodicity

(3 SI message, SI window = 20)
	3*20*(1058/106) = 600ms, i.e. SI periodicity = 640ms
	3*20*(1058/16) = 3960ms, i.e. SI periodicity =  5120ms


Observation 1: For SI transmission alone, with legacy parameter of SI-SchedulingInfo, the total number of beam footprints can be reached by beam hopping within the SI periodicity for set1-1, set1-2 and set1-3. 
Paging:

Based our calculation, we see that by choosing suitable PCCH and PDCCH and SSB configuration, total number of beam footprints can be reached by beam hopping within the paging cycle for set1-1, set1-2 and set1-3. As a result, beam hopping can be supported with legacy paging procedure. For example:
Assuming 1 SSB per cell, paging cycle T=128ms, 4 paging frames in one paging cycle, and 2 paging occasions in one paging frame, 3 symbols for one PDCCH occasion, as shown in figure below.
Then the TDMed PDCCH occasions in one subframe = 10/3= 3, the TDMed paging occasions in one frame = 10/2 = 5 paging occasions, and the TDMed paging frame patterns in one paging cycle = 128/4 = 32. Thus, by hopping the beams sequentially in TDMed PDCCH occasions, TDMed paging occasions and TDMed paging frame patterns, a total number of 16*3*5*32 = 7680 beams (7 times the total number of beam footprints) can be reached in 128ms. 
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Observation 2: For Paging alone, with legacy parameter of PCCH and PDCCH and SSB configuration, total number of beam footprints can be reached by beam hopping within the paging cycle for set1-1, set1-2 and set1-3. 
However, the above analysis assumes only either SSB transmission, SI transmission or paging. When considering SSB, SI message and Paging transmission all together, the simultaneously activated satellite beams should be divided into this three types of use. For example, we can assume the simultaneously activated satellite beams are equally allocated for SSB transmission, SI message transmission and paging transmission. Literally, it means the Total number of simultaneously active beams used in above analysis needs to be divided by 3, which will further limit the scenarios that beam hopping can be applied. For example, SSB transmission with 20ms periodicity may still be able to meet the total beam footprints requirement for set 1-1/1-3 with dwell time = 0.5ms. But set 1-2 can not be able to meet the total beam footprints requirement. Also for SI reception, in some cases, the total beam footprints requirement for set 1-2 cannot be met.
Observation 3: When considering SSB, SI message and Paging transmission all together, the total number of beam footprint requirement for set 1-1 and set 1-3 (except set 1-2) can still be met with legacy parameter.
In sum, for SSB/SI/paging, we kind of think the N1 off state is the period of time outside the configured periodic occasions for SSB/SI/paging broadcasting, resulting from the legacy SSB/SIB/Paging occasion configuration (doesn't preclude the possibility of extending the value range of existing parameters). The satellite beam illumination plan needs to guarantee the SSB/SI/Paging occasion on each beam footprint. In this way, from UE point of view, satellite beam illumination plan would be transparent to UE, i.e. UE doesn't needs to know the dwell time and revisit time interval(i.e. TDM pattern) of beam illumination across the coverage. 
On the other hand, NES supports both of the following scenarios:

Scenario 1: Both Legacy UE and new UE can access the NES cell.

Scenario 2: Only new UE can access the NES cell.

If DL coverage enhancement follows the same principle as NES, and for the case that no legacy UE needs to be supported, there is no restriction on SSB/SI/Paging periodicity/occasion. More radical change may be possible, e.g. allowing new TDM pattern for these messages. But anyway, it needs to be clarified by RAN1. 
Proposal 1 Send LS to RAN1 to ask, for SSB/SI/paging, whether N1 off state is the period of time outside the configured periodic occasions for SSB/SI/paging broadcasting, resulting from the legacy SSB/SI/Paging occasion configuration (doesn't preclude the possibility of extending the value range of existing parameters). I.e. from UE point of view, satellite beam illumination plan is transparent to UE, and UE doesn't needs to know the dwell time and revisit time interval of beam illumination for SSB/SI/Paging across the coverage. Or, whether it is possible that new TDM pattern (except only extending periodicity) may be introduced for SSB/SI/Paging.
Random access
Different from SSB/SI/Paging that only refers to satellite Tx beam, random access refers to both satellite Tx beam and Rx beam. One thing unclear about the total number of beam footprint and total number of simultaneously activated beam footprints of set 1-1, 1-2 and 1-3 is whether it only refers to satellite Tx beam, or refers to both Tx beam and Rx beam. If there is no limitation on the total number of simultaneously activated beam footprints, UE can send preamble at any time. Otherwise, beam hopping needs to be applied to satellite Rx beam too. RAN1 clarification on this is required.

Proposal 2 Send LS to RAN1 to ask, whether the total number of beam footprints and the total number of simultaneously activated beam footprints of set 1-1, 1-2 and 1-3 only refers to satellite Tx beam, or refers to both Tx beam and Rx beam. If it is the first case, then if there is limitation on the total number of beam footprints and total number of simultaneously activated beam footprints for satellite Rx beam. If it is the latter case, what the ratio between them.
In addition, after preamble transmission, UE will start to monitor PDCCH in RAR window, which is quite different from the predicable periodic SSB/SI/Paging transmission. For the downlink transmission of random access procedure, similar to the analysis of considering SSB/SI message/Paging altogether, we can simply assuming that some activated satellite beams are dedicated for random access. Let's consider set 1-1/set 1-3 (set 1-2 will not be considered as it is very hard to meet the requirement). Assuming the 106 simultaneously activated beams are equally allocated for SSB/SI message/Paging/random access. So the simultaneously activated beams for random access would be 106/4 = 26. The following is a table to show the relationship between dwell time and revisit time interval:
	Beam illumination dwell time
	Time required to illuminate all the beam footprints(i.e. the beam illumination revisit time interval)

	Dwell time = 10ms
	1058/106*4*10ms = 400ms

	Dwell time = 40ms
	1058/106*4*40ms = 1600ms

	Dwell time = 80ms
	1058/106*4*80ms = 3200ms

	Dwell time = 160ms
	1058/106*4*80ms = 6400ms


The dwell time will significantly impact the revisit time interval. As shown in table above, 160ms dwell time will lead to 6400ms revisit time interval, which will significantly impact the access delay. However, if dwell time is too short, UE may not be able to finish one random access procedure during the dwell time, as shown in figure below, where the UE-gNB RTT is considerably large. As a result, random access procedure has to be done across multiple dwell time.
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For random access to work well for UE, UE would be better to know the TDM pattern of beam illumination. Otherwise, the frequent interruption caused by beam hopping will impact the random access performance. One may argue that it will impact legacy UE. It is true. But given the restriction of simultaneously activated beam footprints, beam hopping has to be applied to random access procedure. Then the impact is inevitable. The intention to signal the TDM pattern is just to reduce the impact to new UEs. 
Besides, as satellite beam is different from cell beam and UE can only see cell beam, network needs to translate the satellite beam illumination pattern into cell beam illumination pattern. In general, there are mainly 3 kinds of mapping between satellite beam and cell beam as illustrated in [1]:

Option 1:  One satellite beam mapped to one NR cell, and finally mapped to 1 NR cell beam: 
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Option 2:  Multiple satellite beam mapped to one NR cell, and finally mapped to multiple SSBs respectively: 
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Option 3:  Multiple satellite beam mapped to one NR cell, but finally mapped only to 1 SSB (i.e. no beamforming applied): 
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The above 3 options also have some variant versions when taking multiple cell into account, i.e. the same satellite beam(s) mapped to multiple NR cells:
option 1a:
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option 2a:
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option 3a:
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Observation 4: For random access, to support beam hopping, dwell time and revisit time interval of beam illumination is better to be known to UE. And dwell time and revisit time interval of beam illumination needs to be translated into NR cell or beam TDM pattern.

Proposal 3: For random access to support beam hopping, network is better to provide UE with TDM pattern of NR cell/ NR cell beam on/off representing TDM pattern of beam illumination hopping. 

Active traffic
Active traffic is kind of add-on of random access. Basically, they can share the same TDM pattern of beam illumination. Should different beam illumination pattern be used for traffic and random access, the activated beams are further divided, leading to overall increased delay.
Proposal 4: For active traffic to support beam hopping, it shares the same TDM pattern of NR cell/ NR cell beam on/off as random access. 
One more thing needs to mention is the transition between N2 and N3. It is not clear whether the transition between N2 and N3 is automatic, i.e. based on whether currently there are users having ongoing active traffic, or, is based on network configuration. RAN1 clarification on this is needed.
Proposal 5: Send LS to RAN1 to ask, whether the transition between N2 and N3 is automatic, i.e. based on whether currently there are users with ongoing active traffic, or, is based on network configuration. 
3 Conclusions  
Observation 1: For SI transmission alone, with legacy parameter of SI-SchedulingInfo, the total number of beam footprints can be reached by beam hopping within the SI periodicity for set1-1, set1-2 and set1-3. 

Observation 2: For Paging alone, with legacy parameter of PCCH and PDCCH and SSB configuration, total number of beam footprints can be reached by beam hopping within the paging cycle for set1-1, set1-2 and set1-3. 
Observation 3: When considering SSB, SI message and Paging transmission all together, the total number of beam footprint requirement for set 1-1 and set 1-3 (except set 1-2) can still be met with legacy parameter.

Proposal 1 Send LS to RAN1 to ask, for SSB/SI/paging, whether N1 off state is the period of time outside the configured periodic occasions for SSB/SI/paging broadcasting, resulting from the legacy SSB/SI/Paging occasion configuration (doesn't preclude the possibility of extending the value range of existing parameters). I.e. from UE point of view, satellite beam illumination plan is transparent to UE, and UE doesn't needs to know the dwell time and revisit time interval of beam illumination for SSB/SI/Paging across the coverage. Or, whether it is possible that new TDM pattern (except only extending periodicity) may be introduced for SSB/SI/Paging.
Proposal 2 Send LS to RAN1 to ask, whether the total number of beam footprints and the total number of simultaneously activated beam footprints of set 1-1, 1-2 and 1-3 only refers to satellite Tx beam, or refers to both Tx beam and Rx beam. If it is the first case, then if there is limitation on the total number of beam footprints and total number of simultaneously activated beam footprints for satellite Rx beam. If it is the latter case, what the ratio between them.
Observation 4: For random access, to support beam hopping, TDM pattern of beam illumination is better to be known to UE. And TDM pattern of beam illumination needs to be translated into NR cell or beam TDM pattern.
Proposal 3 For random access to support beam hopping, network is better to provide UE with TDM pattern of NR cell/ NR cell beam on/off representing TDM pattern of beam illumination hopping. 

Proposal 4 For active traffic to support beam hopping, it shares the same TDM pattern of NR cell/ NR cell beam on/off as random access. 
Proposal 5 Send LS to RAN1 to ask, whether the transition between N2 and N3 is automatic, i.e. based on whether currently there are users with ongoing active traffic, or, is based on network configuration. 
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