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[bookmark: _Toc120549591][bookmark: _Hlk521259925]Introduction
In RAN plenary #102 meeting, the work item of Rel-19 Non-Terrestrial Networks (NTN) for NR Phase 3 was setup. In the WID[1], there is one note under the objective of DL coverage enhancements to avoid the unnecessary impact to the SSB channel. 
	The objectives of the work item are the following:

1. [bookmark: _Hlk153196886]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



During the study in RAN1 for the system level enhancement, the necessities of extending SSB periodicity were observed by the group. However it is still controversial whether extension of the SSB periodicity is allowed according to the WID. The understandings on the note in the WID are diverse among participants. 
In this contribution, we provide our views on the progress in RAN1 study and further clarifications on the scope of WID. 
Discussion and clarification on the scope of WID
In RAN1#116 meeting, three sets of reference satellite parameters, i.e. LEO-600 Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1,  had been agreed for the coverage evaluation for both system level and link level enhancements [2]. The details of the evaluation assumptions can be referred from the Annex. Three sets of reference satellite parameters present different satellite capabilities and using scenarios. LEO-600km Set 1-1 FR1 represents the case which has a relatively large number of simultaneously active beams, i.e. 106 beams, to cover 1058 planned beam footprint on the earth. Set 1-2 has the same DL transmit power as Set 1-1, but with a smaller number of simultaneously active beams, i.e. 16 beams, due to the limitation of satellite payload. The intended coverage area of Set 1-2 is the same as that of Set 1-1, which is also 1058 beam footprints on the earth. Set 1-3 FR1 has a same number of the simultaneously active beams as Set 1-1, but with a lower transmit power at the satellite side, which may have further link level coverage issue for the DL coverage. 

The coverage ratio was agreed in RAN1 as the performance metrics for the DL coverage enhancement evaluations at system level. And observations are drawn in the RAN1#117 that to fulfil the higher coverage ratio to almost 100%, the periodicity of SSB should be extended [3]. For both set 1-1/1-3, the SSB periodicity needs to be extended from 20ms to 80ms. For the Set 1-2, the SSB periodicity would be extended from 20ms to 320ms. Due to limitation of the hardware and the payload of satellites, the basic coverage ratio of set 1-2 without any enhancement is only 1.5%, which is much lower than that of Set 1-1/1-3. But the satellites with this kind of lower capability also have using scenarios and exists in the realities. 
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Figure 1 An example of 20ms dwelling window and the 320ms revisit period for Set 1-2

Considering the satellite parameters Set 1-2 as an example, the operation and necessary signals and channels are illustrated in the Figure 1. 4 SSBs are supported for the S-band. Each SSB can provide DL synchronization over one beam footprint. With one of the 16 simultaneously active beams from Set 1-2, 4 SSBs can be transited at different time instance into 4 different beam footprints. And within one beam footprint, the SIB1 and SIB19 can be transmitted following the same SSB providing the system information and the necessary information for initial access. The SSBs, the related SIB1 and SIB19 can be transmitted in 4 beam footprints in a TDM manner. The transmission of those information over 4 beam footprints will occupy at least 10ms of the 20ms dwelling window. Then the residual 10ms of the dwelling window can be used for the dynamic scheduling depending on the traffic. For the initial access for the uplink, after UE successfully decoded the information of SIB19, the UE can transmit the PRACH at corresponding RACH occasion associated with the specific SSB index within the dwelling window. Excluding the RACH occasions whose beam direction should be determined according to the associated DL SSB, the other uplink slots can be used dynamically, including the last 10ms of the 20ms dwelling window. Considering that one of the 16 simultaneously active beams can cover 4 beam footprints over 20ms dwelling window, it needs 16 time-domain occasions for each of 16 simultaneous active beam to cover all candidate 1058 beams to reach a 96.8% coverage ratio. Based on the assumption above, the active beam will periodically visit one beam footprint in a 320ms periodicity. The UE can be scheduled every 320ms for at least 10ms for the traffic. If the UEs are not uniformly located in all the beam footprints or triggering any traffic, the gNB can allocate the last 10ms of the 20ms dwelling window to the other beam footprint, or extend the dwelling window for one beam footprint and reduce the dwelling time of other beam footprints. 

[bookmark: _Hlk168509972]Observation 1: Within the dwelling window, the SSB and necessary system information can be broadcasted for the target beam footprints, which can be utilized by UEs to access to the satellite/gNB within the dwelling window. For the residual slots of the dwelling window, it can be used for the dynamic scheduling.

Observation 2: The time span for the dynamic scheduling of the dwelling window for a given beam footprints can be allocated on demand based on UE distribution and traffic distribution. 

Another kind of solution is that allocating the 16 simultaneously active beams for a specific usage. For example, 8 beams will be used specifically for the DL broadcasting and the other 8 beams can be used for UE specific traffic. The 8 beam for the broadcast and initial access can be periodically hopping over the total 1058 beam footprints. The other 8 beams for UE specific traffic can used for parts of the beam footprints continuously until the traffic ends. This kind of different functionality allocation for the simultaneously active beams can support both periodically broadcast to maintain the basic coverage for the UE initial access and the continuous service for specific areas. 

Observation 3: Both using one shared beam for both broadcast and UE specific traffic and separate beams for different functions respectively can be considered for the system level enhancements to improve the coverage ratio. 

Based on RAN1’s evaluation, Set 1-1/1-3 with higher number of simultaneous active beam, the SSB periodicity needs to be extended from 20ms to 80ms to reach the 100% coverage ratio. For set 1-3, due to the limited power at the satellite, repetitions need to be utilized to compensate the DL coverage per link level. For set 1-2 with lower number of simultaneous active beam, three cases are considered and illustrated in Figure 2. The Case A in the Figure 2 is the baseline case defined in Set 1-2, in which the SSB periodicity needs to be extended from 20ms to 320ms to achieve 100% coverage. Based on the RAN1’s evaluation, under the assumption of Set 1-2, there is no need to further enhance the DL coverage in the link level. To reduce the SSB periodicity, multiple beams with reduced per beam power (Case B) and wider beam (Case C) can be considered. In Case B, the transmit power of one beam in Set 1-2 can be shared or split with 4 beams to extend the coverage and shorten the SSB periodicity. The transmit power of one beam in Case B would be reduced with 6dB, which may induce issues in the link level coverage. In Case C, a wider beam is used to extend the coverage on the earth and shorten the SSB periodicity. It may have similar issue as Case B that the link budget may not fulfill the requirements. For both Case B and C, the link level enhancement is needed to compensate the reduced transmit power or the reduced antenna gain due to the wider beam. However, the performance may be different between Case B and C. In the Case C, all the UEs under the original 4 beam areas will share the same set of frequency domain resources. But in the Case B, with the different beams or the spatial isolation between 4 beam areas, the UEs in the different beam area can use the same set of frequency domain resources. The UE performance or date rate in the Case B would be better than that of Case C. With the extension of the coverage of one beam from Set 1-2, the SSB periodicity can be reduced to 80ms. And due to the reduced power and antenna gain, further link level enhancements may be needed. 

Observation 4: More beams but with reduced per beam power, and wider beams can be used to extend the beam coverage of Set 1-2 and shorten the SSB periodicity.
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Figure 2 Examples to extend the coverage of one beam and reducing the SSB periodicity

Without any enhancement of power reduction or wide beam, the SSB periodicity for Set 1-1/1-3 is 80ms and the SSB periodicity of 1-2 is 320ms. In the current specification, UEs assume the 20ms detection periodicity for SSBs. Then for the NTN UEs, if the UE needs to connect to the satellites, the default periodicity should be at least 320ms for all the 3 cases. When the 320ms is adopted in the scenario of Set 1-1/1-3, the impact of the power consumption for the detection of SSB is marginal, since the UE will finally find the SSB in an 80ms period. The power consumption is almost the same as if the default period of detection is configured as 80ms and the UE is working under the set 1-1/1-3 scenarios. Then it is proposed to extend the default detection for SSB in NTN scenarios to 320ms. 

Observation 5: Extension of the periodicity of SSBs is a prerequisite for reaching almost 100% coverage ratiofor all the scenarios using the parameter Set 1-1/1-2/1-3.

Proposal 1: Without enhancement of power reduction or wider beam, to reach an almost 100% coverage ratio, the default detection period for SSBs in NTN scenarios needs to be extended to 320ms for all cases of Set1-1/1-2/1-3. 

Combined with long detection period of SSBs, as illustrated above, a revisit period and a dwelling window should be introduced to facilitate the operation under NTN scenarios. It is proposed to support the system level enhancements to improve the coverage ratio in NR-NTN phase 3, at least considering to introduce the revisit periodicity and dwelling window.
[bookmark: _Hlk168509989]
Proposal 2: Support the system level enhancements to improve the coverage ratio in NR-NTN phase 3, with the consideration of introducing the revisit periodicity and dwelling window.

	
Observation
Based on the results of DL coverage ratio evaluation at system level collected from 7 sources for all the three LEO600km satellite parameter sets where the beam footprint diameter is 50 km:
· For Set 1-1/1-3, the coverage ratio can be improved from 10% to 100% if the SSB periodicity is increased from 20ms to 80ms and beam hopping is applied
· For Set 1-2, the coverage ratio can be improved from 1.5% to 96.8% if the SSB periodicity is increased from 20ms to 320ms and beam hopping is applied.
· Note: coverage ratio is N2+N3/ total beam footprints
· Note: the baseline assumes no beam hopping. TDM between SIB1 and SIB19 is assumed in those results, following current specs.
Based on the results of DL coverage ratio evaluation at system level collected from 3 sources for a deployment scenario implementing wide beam footprint:
· 1 source reports that with a deployment of wide beam covering 4 narrow (of 50km size) beams, which means Set 1-2 FR1 with additional EIRP reduction of 6dB, using SSB periodicity of 80 ms can provide coverage ratio of 96.8%, and Set 1-1/1-3 FR1 with additional EIRP reduction of 6dB, SSB periodicity of 80 ms can provide coverage of 100%.
· 1 source observed that for Set 1-1, 1-2 and 1-3, the coverage ratio can be improved from 1.5% to 100% using the legacy default SSB periodicity of 20ms during initial access, by choosing a wide beam footprint with beam footprint sizes of 84 km and 56 km respectively. 
· Note: the PDCCH and the PDSCH for SIB19 is assumed to be transmitted within 2 OFDM symbols and 5 MHz bandwidth. the PDSCH for SIB1 is assumed to be transmitted within 3 OFDM symbols and 5 MHz bandwidth. This assumes no SIB1 and SIB19 transmission in N2 beam footprints. This assumes non-aligned SFN timing across different beams.
· 1 source observed, for Set 1-1 with increased beam size, that the legacy SSB periodicity of 20ms during initial access is usable with NTN beam hopping, by choosing a deployment scenario implementing wide beam footprint with beam footprint sizes of 70.7 km and 86.6 km, leading to a total of 529 and 353 beam footprints within the satellite coverage area, respectively, and the coverage ratio is 80% and 90%, respectively, and a ratio of simultaneously active beam footprints to the total number of beam foot prints equal to 20% and 30%. 
· Note: Beam footprint size is increased by increasing only the adjacent beam spacing without increasing the 3dB beamwidth.
Note: RAN1 will further investigate the impact of SSB periodicity extension
Note: Any needed clarification “SSB channel enhancement is not considered” in the WID is up to RAN plenary
Note: RAN1 will further investigate the impact of wider beam of SSB and/or other channels on performance (e.g. link budget, capacity...)




From RAN1’s observations, extending the periodicity of SSBs can improve the coverage ratio significantly. But during RAN1’s discussion, it is controversial that whether the extension of SSB periodicity is aligned with the WID. The notes in the WID says that SSB channel enhancements is not considered. Different companies may have different understandings on this note. Firstly, from our understanding, the SSB channel, such as SSB position in burst, which has significant impact to the current specifications, gNB and UE’s implementation should not be pursued in Rel-19. But the periodicity of SSBs which has less impact to both gNB and UE side can be considered within the scope of NTN phase 3. Considering that without any extension of SSB periodicity, the coverage ratio of NTN such as 1.5% and even 10% is not acceptable, the extension of SSB periodicity is a compromised solution with the lowest impact to the specification. 

[bookmark: _Hlk168509995]Observation 6: SSB channel enhancements, such as changing SSB position in burst, should not be pursued in Rel-19 NR-NTN phase 3. 

Observation 7: Considering that the low coverage ratio as 1.5% and 10% is not acceptable, the extension of SSB periodicity is a compromised solution with limited specification impact.

Secondly, when going into the details for the justification part of the WID, there are detailed descriptions for the DL coverage enhancements as shown in the table below. In the first bullet, it is the original intension to prevent any impact to the SSB design from the perspective of link level enhancements. But for the system level enhancements, there is no explicit exclusion of the SSB enhancements including the extension of the SSB periodicity. 

	
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.




[bookmark: _Hlk168510002]Observation 8: There is no explicit exclusion for the SSB enhancements including the extension of the SSB periodicity in the detailed description in the justification part. 

With the understanding of both the necessity of coverage ratio enhancements of NTN and the detailed descriptions on the system level enhancements, the extension of the SSB periodicity is within the scope. 

[bookmark: _Hlk168510008]Proposal 3: With the understanding of both the necessity of coverage ratio enhancements of NTN and the detailed description on the system level enhancements, the extension of the SSB periodicity is within the scope. 

Accordingly, the description of the notes in the WID is updated as below ,
	
------other parts are omitted----------------
· Notes for this objective:
· SSB channel enhancement is not considered, except for the extension of SSB periodicity.
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is

------other parts are omitted----------------





Proposal 4:
Update the notes related to the SSBs in the WID as following,
	
------other parts are omitted----------------
· Notes for this objective:
· SSB channel enhancement is not considered, except for the extension of SSB periodicity.
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is

------other parts are omitted----------------




Conclusions
In this contribution, we provide our views on the progress in RAN1 study and further clarifications on the scope of WID. The observations and proposals are listed as below.

Observation 1: Within the dwelling window, the SSB and necessary system information can be broadcasted for the target beam footprints, which can be utilized by UEs to access to the satellite/gNB within the dwelling window. For the residual slots of the dwelling window, it can be used for the dynamic scheduling.

Observation 2: The time span for the dynamic scheduling of the dwelling window for a given beam footprints can be allocated on demand based on UE distribution and traffic distribution. 

Observation 3: Both using one shared beam for both broadcast and UE specific traffic and separate beams for different functions respectively can be considered for the system level enhancements to improve the coverage ratio. 

Observation 4: More beams but with reduced per beam power, and wider beams can be used to extend the beam coverage of Set 1-2 and shorten the SSB periodicity.

Observation 5: Extension of the periodicity of SSBs is a prerequisite for reaching almost 100% coverage ratio for all the scenarios using the parameter Set 1-1/1-2/1-3.

Observation 6: SSB channel enhancements, such as changing SSB position in burst, should not be pursued in Rel-19 NR-NTN phase 3. 

Observation 7: Considering that the low coverage ratio as 1.5% and 10% is not acceptable, the extension of SSB periodicity is a compromised solution with limited specification impact.

Observation 8: There is no explicit exclusion for the SSB enhancements including the extension of the SSB periodicity in the detailed description in the justification part. 

Proposal 1: Without enhancement of power reduction or wider beam, to reach an almost 100% coverage ratio, the default detection period for SSBs in NTN scenarios needs to be extended to 320ms for all cases of Set1-1/1-2/1-3. 

Proposal 2: Support the system level enhancements to improve the coverage ratio in NR-NTN phase 3, with the consideration of introducing the revisit periodicity and dwelling window.

Proposal 3: With the understanding of both the necessity of coverage ratio enhancements of NTN and the detailed description on the system level enhancements, the extension of the SSB periodicity is within the scope.

Proposal 4:
Update the notes related to the SSBs in the WID as following,
	
------other parts are omitted----------------
· Notes for this objective:
· SSB channel enhancement is not considered, except for the extension of SSB periodicity.
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is

------other parts are omitted----------------
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The agreements on the 3 sets of reference satellite parameters for system level and link level evaluation from RAN1#116.

	
RAN1#116 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.
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