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[bookmark: _Ref473802466][bookmark: _Ref462669569]In RAN1#116, simulation assumptions and KPIs were agreed for DL coverage study. In particular, three new sets of reference satellite parameters were agreed [1]:

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




 In RAN1#116bis, additional assumptions for link level and system level assumptions were agreed [2]. In addition, the following observation concerning the CNR was agreed:
Observation
The CNRs for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 are equal to -1.9 dB, -1.9 dB and -9.9 dB respectively.

In this contribution, we evaluate downlink coverage and discuss the overhead of SSB and SIs. Based on the discussion, we propose downlink channels to be enhanced and system level enhancements for flexible power sharing. 

SSB and SIB1 Performance and Overhead
For NR NTN, current SSB periodicity is 20 ms to support UE initial access. In addition, SIB1 has a periodicity of 160 ms and up to 8 repetition transmissions can be scheduled within a 160 ms period. In this section, we examine the required SNR for PDCCH/PDSCH and discuss the overhead of SSB and SIB1 transmissions in comparison with the agreed limits of simultaneous active beams.
Before the acquisition of SIB19 in NR NTN, UE has no knowledge of DL time variation and Doppler variation. The DL timing variation can be up to 50 ms/s and the DL Doppler variation can be up to 0.3 ppm/s for 600 km orbit. This indicates that UE reception of SIBs and the associated PDCCH may suffer larger frequency and timing offset. In addition, due to large DL Doppler, clock synchronization based on DL SSB is more difficult than in TN where DL Doppler is very small.  Assuming a perfect time and frequency synchronization of SSB and 0 clock drift, the timing offset and frequency offset for a DL reception 100 ms after the SSB synchronization can be up to 5 ms and 60 Hz, respectively. Hence additional timing and frequency offset must be considered when evaluate the performance of SIB reception before the acquisition of SIB19. Increasing the SSB periodicity will make the above issue worse. 
Observation 1: In NR NTN, UE reception of SIBs before the acquisition of satellite ephemeris (SIB19) may suffer larger timing and frequency offsets than in TN. The issue becomes more severe if SSB transmission periodicity is increased.
To examine the performance of SIB1 reception, the performance of PDCCH with DCI 39 bits and PDSCH with 88 bytes payload are shown in Figures 1 and 2, respectively. Since there are 17 reserved bits in DCI format 1-0 with CRC scrambled by SI-RNTI, performance with 22 DCI bits is also included. 
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Figure 1. Performance of PDCCH with 39 and 22 DCI bits: AL=8, two symbols and 24 RB CORSET.
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Figure 2. Performance of PDSCH with 88 bytes payload, 5 MHz channel and 12 PDSCH symbols.
Based on observation 1, several different frequency offsets were assumed in the simulations. As can be observed, PDCCH decoding is more robust to frequency offset than PDSCH. This is because that PDCCH has only two symbols whereas the PDSCH spans 12 symbols. In PDSCH decoding, the channel estimation for the symbols far away from the DMRS symbols suffers larger error in channel estimation due to CFO. Assuming frequency offset 200 Hz, the required SNR for 39-bit PDCCH is about -5.9 dB at 1% BLER and the required SNR for PDSCH with 88 bytes (e.g., SIB1) is -5.3 dB at 10% BLER. For SIB1 payload with 800 bits, the performance degradation is expected to be more than 10*log10(800/704)=0.55 dB. It can also be seen that the required SNR for a PDSCH with a payload size of 616 bits such as for SIB 19 is higher than -9.9 dB.  It should be noted that SIB 19 payload size can be more than 88 bytes, hence its performance in 5 MHZ channel will be worse without repetitions. Comparing the above required SNR with the CNRs of the reference parameter sets, we have the following observation:
Observation 2: To support Set1-3, coverage enhancement is needed at least for the following channels:
· PDCCH
· PDSCH carrying SIBs  

It can also be observed that removing the reserved bits for the PDCCH with CRC scrambled by SI-RNTI can improve the performance by about 1.3 dB, -5.9 dB vs -7.2 dB, at 1% error rate.
Observation 3: At 1% BLER, removing the reserved bits for the PDCCH with CRC scrambled by SI-RNTI can improved the performance by about 1.3 dB for NR NTN TDL-C.

Since each SSB transmission has 4 OFDM symbols and SIB1 can be transmitted using 14 symbols per repetition (2 symbols for PDCCH + 12 symbols for PDSCH), the overhead due to SSB and SIB1, i.e., the percentage of time used for SSB and SIB1 transmission, is listed in the following table.
Table 1. DL overhead due to SSB and SIB1 assuming 5 MHz channel and 15 kHz SCS.
	No. of SIB1 repetitions per 160 ms
	1
	4
	8

	Percentage of DL transmission time
	2.0%
	3.9%
	6.4%



Comparing the DL overhead due to SSB and SIB1 with the reference satellite parameters, we have the following observations:
· For Set1-1, the minimum overhead of SSB/SIB1 per beam accounting for the maximal duty cycle is 20% (2%/10%) assuming one SIB1 transmission per 160 ms. The overhead per beam due to SSB/SIB1 can be further reduced to 8% if SSB is transmitted once per 160 ms. Since Set1-1 is limited by RF chain more than by transmit power, the overhead can be further reduced by using wider beam or scattered beam for SSB and SIB1 as shown in Figure 3.
· For Set1-2, SSB transmission periodicity must be reduced. With one SSB and one SIB1 transmission per 160 ms, the overhead per beam accounting for the maximal duty cycle is 53% (0.8%/1.5%). Although the overhead can be further reduced when NW is capable of forming wider or scatter beams as in Figure 4, the overhead of SSB and SIB1 will remain very significant. It is hence questionable if Set1-2 is feasible without additional system level enhancements. 
· For Set 1-3, at least 4 SIB1 transmissions per 160 ms are needed to achieve 10% BLER for SIB1 assuming UE performs combining. Hence the overhead of SSB/SIB1 accounting for the maximal duty cycle per beam is 39% with 20 ms SSB periodicity and 26% with 160 ms SSB periodicity. Since Set1-3 is power limited, transmitting SSB/SIB1 with wider or scattered beam does not help. Coverage enhancements of SIB transmissions allows UE to better combine the transmitted signals and can reduce the overhead. Same as for Set 1-2, additional system level enhancements are needed to further reduce the overhead.
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Figure 3. Transmitting SSB and SIB1 using wider or scattered beam when number of RF chains before beam forming is limited.

Link-level enhancement
From the above, coverage enhancements for PDCCH and PDSCH carrying SIBs are needed to support Set 1-3. In addition, coverage enhancements allow more flexible power sharing among beams as will be discussed below. Hence, we have the following proposals:
Proposal 1: Consider coverage enhancements for PDSCH schedule by a PDCCH in a CSS.
· At least for PDSCH scheduled by PDCCH format 1_0 with CRC scrambled by SI-RNTI.

Proposal 2: Consider coverage enhancement for PDCCH.
Since before SIB1, new signaling is difficult if not infeasible. We propose to consider the enhancements of the PDCCH that schedules a SIB1 PDSCH without signaling, i.e., UE blind decoding.
Proposal 3: Consider coverage enhancement for the PDCCH that schedules a SIB1 PDSCH without NW signaling.

System-level enhancement
As shown in Figure 4, Power sharing among beams can be realized through time division multiplexing (TDM), frequency division multiplexing (FDM), reduced power spectral density (PSD), or any combinations thereof.  


Figure 4. Means for power sharing among two satellite beams.

Existing NR specification allows flexible power sharing through TDM, FDM, and reduced PSD. Below we discuss limits of the aforementioned mechanisms.
· TDM: A satellite beam must maintain a minimum duty cycle according to the NR specifications. For instance, SSB must be transmitted once every 20 ms (which can be extended to 160 ms if only connected UEs are to be served). In addition, SIB1 is transmitted every 160 ms with variable repetition periodicities within a 160 ms duration. 

· FDM: SSB has 20 RBs or about 3.6 MHz with 15 KHz SCS, which also defines the minimal bandwidth for a BWP. For 15 kHz SCS, the minimal BW for CORESET 0 is 24 RBs or 4.32 MHz. A CORESET with 24 RBs and 2 symbols has only 8 CCEs and is just enough for a PDCCH with aggregation level (AL) 8. The transmission bandwidth of PDSCH can be smaller and is up to gNB scheduling. 

· Reduced PSD: Reducing the PSD of each satellite beam is also an effective way of allowing power sharing among beams. When the number of RF chains is limited and satellite beamforming capability permits, transmission schemes as shown in Figure 4 can also be used for some common channels such as SSB and SIBs with reduced EIRP per smallest footprint. At low SNR, however, reducing PSD to the level that requires excessive repetitions is no longer an effective way. At this level, every 3dB reduction of PSD requires a doubling of the number of repetitions in time or frequency under the constraint of a total energy. In the absence of time and frequency diversity, which is likely the case in NR NTN, implementation loss such as nonideal combining often lead to less energy efficiency as compared to the transmission without doubling the number of repetitions. 

Since the above power sharing mechanisms are not aimed at improving energy efficiency, they don’t necessarily lead to increased throughput. Rather, they allow flexible power sharing among active beams.
As discussed above, TDM is an effective way to enable flexible power sharing among satellite beams. Note that Rel-18 cell DTX configuration is configured per UE although dynamic activation and deactivation via group-common signaling is supported. Cell DTX is configured only if cell DRX is configured.
For power sharing among satellite beams, an example cell operation is illustrated in Figure 5.



Figure 5. Cell transmission pattern as a function of time.

Form the above, we have the following observation and proposals.
Observation 4: Rel-18 cell DTX does not allow flexible adaptation of cell DTX patterns. 
Proposal 4: Support the configuration of more than one cell DTX patterns to a UE.
Proposal 5: Support dynamic group-common signaling for the change of  cell DTX patterns. 
Summary
In this contribution, we have examined the performance of PDCCH and PDSCH before the acquisition of SIB19 and discussed their overhead against the allowed beam duty cycles. In addition, we proposed some link-level and system-level enhancements. Our observations and proposals are listed below: 
Observation 1: In NR NTN, UE reception of SIBs before the acquisition of satellite ephemeris (SIB19) may suffer larger timing and frequency offsets than in TN. The issue becomes more severe if SSB transmission periodicity is increased.
Observation 2: To support Set1-3, coverage enhancement is needed at least for the following channels:
· PDCCH
· PDSCH carrying SIBs  

Observation 3: At 1% BLER, removing the reserved bits for the PDCCH with CRC scrambled by SI-RNTI can improved the performance by about 1.3 dB for NR NTN TDL-C.

Observation 4: Rel-18 cell DTX does not allow flexible adaptation of cell DTX patterns. 

Proposal 1: Consider coverage enhancements for PDSCH schedule by a PDCCH in a CSS.
· At least for PDSCH scheduled by PDCCH format 1_0 with CRC scrambled by SI-RNTI.

Proposal 2: Consider coverage enhancement for PDCCH.

Proposal 3: Consider coverage enhancement for the PDCCH that schedules a SIB1 PDSCH without NW signaling.

Proposal 4: Support the configuration of more than one cell DTX patterns to a UE.

Proposal 5: Support dynamic group-common signaling for the change of  cell DTX patterns. 
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