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1. Introduction

    In RAN#102 meeting, a new Work Item on Non-Terrestrial Networks (NTN) for NR Phase 3 was approved [1]. A revised Work Item [2] is approved in RAN#103 meeting. Several objectives were discussed for NR phase 3 enhancements. This discussion document is targeted towards NR-NTN downlink coverage enhancements.

Detailed objectives of downlink coverage enhancements for NR NTN include:

	1) Offer optimized performance especially when addressing handset terminals (including smartphones with -5.5 dBi antenna gain) w.r.t. downlink coverage considering the NTN deployment constraints such as payload power limitation, large satellite foot print and limited feeder link bandwidth. 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 (see Section 6.1.1 in TR 38.821) 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.

DL coverage enhancements can be considered at both
Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design. 
System level to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for FR1-NTN and FR2-NTN.



This contribution focuses on enhancements at the system level, specifically towards beamforming strategies.

2. Discussion

The following agreements are made in RAN1#116bis [3] regarding the system level enhancements 




Agreement
Confirm the Satellite phased-array antenna parameters for LEO 600km in FR1 defined in RAN1#116.
 
	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	65 for H
65 for V

	Antenna element spacing
	0.667 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	400 elements (20 x 20)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi

	Steering loss at 30° elevation angle 
	4 dB



Al least the above model is considered for SLS to ease the alignment between evaluation results. The model below can be optionally considered:

	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	TR38.820 
section 7.2.4	

	Horizontal/vertical 3 dB beam width of single element (degree)
	90 for H
90 for V

	Antenna element spacing
	[bookmark: _Hlk164266843]0.5 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	676 elements (26 x 26)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi (Note 1)

	Steering loss at 30° elevation angle 
	2.5 dB



Note 1: The maximum antenna gain is determined by considering an overall array efficiency [of 50%.] 


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 Digital beamforming

	% 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)





Agreement
RAN1 to consider the following performance metrics for DL Coverage enhancement evaluation at system level:
At least:
· CDF of the received SINR
· The dwell time and revisit time interval for each beam illumination across the coverage
· Periodicity of common control channels (e.g. SSB, CORESET0/SIB1, SIB19) and corresponding coverage ratio

Other metrics may be reported such as
· CDF of the cell throughput
· CDF of user perceived throughput (UPT)
· CDF of Latency
· Ratio of mean served cell throughput and offered cell throughput, denoted by 𝜌 (refer to TR36.889)

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.

Agreement
For NR NTN Rel-19 DL coverage evaluation, UE characteristics for handheld terminals in Table 6.1.1.1-3 in TR 38.821 can be reused, with the following:
· -5.5 dBi antenna gain is assumed
· at least 2Rx are considered at the UE
· 4Rx can be optionally considered and reported 
Note: Redcap device is not considered in the scope of DL coverage study


Agreement
The following traffic models are considered for system level evaluation of DL coverage:
· FTP3: as in Table 6.1.1.1-7 of TR 38.821: 0.5MB as packet size, 200ms as mean inter-arrival time 
· FTP3 IM: 0.1MB as packet size, 2s as mean inter-arrival time 
· VoIP can be considered in the evaluation. 

It is up to company report which traffic model is used among the discussed traffic models in their evaluations.
· Other models may be used as well, and parameter (e.g. packet size and arrival rate) adjustment can be optionally considered and reported.

	Traffic type
	FTP
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in Rel-18 NTN CE.


	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	



This contribution focuses on enhancements at the system level specifically on beamforming mechanism for NTN. 

3. System level enhancement using Different beam sizes

As per the agreements outlined above and specified in [3] the number of antenna elements can be 400 (20*20) or 676 (26*26). The number of beams that can be simultaneously active are 106/16 i.e. 1-10 % of the maximum beams. These Satellite Beams create NR-NTN Cells. It is expected that at least for the common channels, all beams should be swept to avoid the UEs not getting connected to the network in the desired area. Therefore, UE should able to detect the DL synchronization channel and eventually should able to perform the RACH to connect to the network. So, PCI and SSB design for such case is crucial. Presently, the relation between SSBlock-beam and satellite beam is up to implementation as per [9]. A non-multibeam cell will have one SSBlock per NR cell, that is L=1. Another option involves having L greater than 1. With this approach, an NR cell would be comprised of L satellite beams [7]
[image: ]

Figure1a: L SSBlocks per NR-Cells (L Satellite Beams per NR Cell
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Figure 1b: SSBlock per NR-NTN Cell (1 Satellite Beam per NR Cell)

The minimum SSB periodicity in the NR is 20ms and for the FR 1 band of the NTN maximum 4 SSBs can be transmitted in one half frame (5ms). In such a design it will be difficult to cover all the beams. One possible solution is to increase the beam width such that the desired coverage area is covered with the possible beams in the give periodicity e.g. for the 16-beam case in scenario Set1-2, 4*16 = 64 beams can be visited in an SSB burst, totalling 4*64 = 256 beams within the 20ms periodicity. But if the beam diameter is increased then more area can be covered which may result in covering the desired area by possible beams (say 256 beams). This can be achieved by using wider beams for the common channel transmission i.e., for N2 beams. Further UEs can be managed with smaller beams later once they have active traffic and are RRC connected (N3 beams). 

Observation 1: It is important to sweep given coverage area with all the beams at least for common channels even though simultaneous active beams are less. This is necessary to avoid coverage blackout for the UEs in some cells. Wider beams can solve this issue.

Proposal 2: For NTN system level enhancement for the DL coverage enhancement, at least for common channel wider beams can be used.
FFS Effect on the link margin and possibility to overcome using link level enhancements. 


The above proposal demands the change in the antenna beam forming weight at the payload and may be necessary to configure by the network. The possible solution is explained in the next section.

4. Beamforming Mechanism

Beamforming technique is used to direct the antenna beams towards a specified direction. A location-based Tx (Satellite as Transmitter) beam forming can be used in NTN. This beamforming approach lies on knowing the locations of NR-NTN cell and of satellite. 

The beam-forming weights are calculated from theta and phi (elevation and azimuth angles) derived from a vector pointing from Satellite to Centre of NR-NTN cell. These weights when applied on the Phased-antenna array steers the antenna beam towards the Targeted NR-NTN-cell. There is no need of Channel knowledge at the Transmitter for creation of beamforming weights.

The geolocation of the NR-NTN cell can be derived from Mapped Cell-ID as per clause 16.14.5 of [8]. As per clause 16.14.7 of [8] Satellite ephemeris shall be provided by O&M to the gNB providing non-terrestrial NR access. 

gNB has access to both Mapped Cell-ID and Satellite Position. Hence beamforming weights need to be derived by gNB.

Earth Fixed Cells

The beamforming weights needs to be updated with satellite motion continuously to point the active beams towards the earth fixed cell.

Proposal 2:  For Earth fixed NR-NTN cells create a table of weights where the weights are precalculated for entire satellite Path for the Targeted earth fixed NR-NTN Cell

The wider beam footprints which are at NR-NTN Cell level are helpful in providing the necessary information for cell discovery and initial access to the UE’s. 

The number of SSBlocks in SS burst is 4 for frequency upto 3 GHz, 8 for frequency range from 3 to 6 GHz and 64 from 6 GHz to 52.6 GHz. With a Periodicity of 20ms there can be 16 SSBlocks for S-band frequencies < 3MHz. 

Since the number of simultaneously active beams are limited by RF, 16 beams [3] can be directed towards the Earth fixed NR-NTN cell with each allocated a separate SS/PBCH block within the SS/PBCH Burst. 

Once a particular UE has entered the connected mode it can be served with narrower beams by deriving beamforming weights (by gNB) from the UE location Information as the NTN UE is GNSS-capable [8].
 
5. Conclusion

This contribution presented a method of Beamforming mechanism for earth fixed cells for NR - NTN.

Observation 1: It is important to sweep given coverage area with all the beams at least for common channels even though simultaneous active beams are less. This is necessary to avoid coverage blackout for the UEs in some cells. Wider beams can solve this issue.

Proposal 2: For NTN system level enhancement for the DL coverage enhancement, at least for common channel wider beams can be used.
· FFS Effect on the link margin and possibility to overcome using link level enhancements. 

Proposal 2:  For Earth fixed NR-NTN cells create a table of weights where the weights are precalculated for entire satellite Path for the Targeted earth fixed NR-NTN Cell
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