[bookmark: _Hlk145670493]3GPP TSG RAN WG1 #117		R1-2404692
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda Item:	9.11.1
Source:	Google
Title:	Downlink Coverage Enhancement for NR NTN
Document for:	Discussion/Decision
Introduction
In RAN1 #116b, the following agreements on downlink coverage enhancement for NR-NTN have been achieved.
	Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 24 PRBs

	Tx Diversity 
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies




Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed:

	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.
24 PRBs for SIB1 and SIB19

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.2
	72 bits

	Payload size for PDSCH of SIB1
	FFS

	Payload size for PDSCH of Msg.4
	1040 bits

	Payload size for PDSCH of SIB19
	FFS

	Other parameters
	Reported by companies.




Agreement
Antenna gain reduction due to steering loss is not considered in the link level evaluation.
Note: This is aligned with the assumptions made in Rel-18 UL coverage enhancement

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.

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

	[bookmark: _Hlk164266843]Antenna element spacing
	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 coverage evaluation of PDSCH in NR NTN, the following payload sizes for PDSCH are assumed:

	Payload
	value

	Payload size for PDSCH of SIB1
	Option 1: 800 bits 
Option 2: 1280 bits

	Payload size for PDSCH of SIB19
	616 bits



Note: At least the above values are simulated and reported. Other values can be considered.
Note: the values above are not the TBS.


Agreement
For DL coverage study at system level, it is up to companies to report the following parameters for LEO600km Set1-1 FR2:
	Beam size

	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)




Agreement
For coverage performance evaluation of DL channels/signals before the SIB19 acquisition, the maximum Doppler frequency drift is assumed to be equal to 0.27 ppm/s based on TR 38.821.





In this contribution, we provide some discussion on the downlink coverage enhancement.
Discussion
PDCCH enhancement
As a result of power sharing for the beams and beam pattern adaptation, the EIRP for PDCCH might be much lower than SSB/TRS. Currently the UE needs to track the SSB or TRS to identify the AGC factor to receive the PDCCH. Then if the EPRE ratio between the PDCCH and SSB/TRS is too big due to power sharing, since the EPRE ratio is unknown to the UE, the UE may use an incorrect factor for AGC, which could cause performance degradation. Therefore, with regard to power sharing among the beams, it is better to configure the EPRE ratio between the PDCCH and TRS.
Proposal 1: Support to indicate the EPRE ratio between the PDCCH and TRS to facilitate the AGC for PDCCH reception.
In addition, since the EIRP for PDCCH could be low, the PDCCH coverage could become a potential issue. Currently some reliability enhancement for PDCCH has been specified since R17, where the NW can transmit the PDCCH from different TRPs/beams. However, there is no coverage enhancement schemes for PDCCH. Therefore, it is necessary to consider the PDCCH coverage enhancement scheme. One possible way is to introduce the PDCCH repetition operations for some PDCCH candidates in a search space.
Proposal 2: Consider the PDCCH repetition operations for some PDCCH candidates in a search space for PDCCH coverage enhancement.

PDSCH enhancement
Similar to PDCCH, if the EPRE ratio between PDSCH is quite different from the SSB/TRS, the AGC for PDSCH could become a potential issue. Currently, the NW configures the power offset between the TRS and SSB, and power offset between PDSCH and TRS. However, the NW can only configure the power offset by RRC parameter. Therefore, the NW cannot dynamically change the power offset between PDSCH and TRS. Then with regard to the dynamic power sharing, it is necessary to indicate the power offset between PDSCH and TRS in a dynamic manner, e.g., by DCI.
Proposal 3: Support to indicate the power offset between PDSCH and TRS by DCI with regard to dynamic power sharing.
For PDSCH coverage enhancement, several types of PDSCH have been identified during last meeting, including
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2
· PDSCH Msg.4
· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging

Currently, the NW can transmit the PDSCH scheduled by non-fallback DCI by multiple repetitions. Therefore, the study of PDSCH coverage enhancement should focus on the PDSCH scheduled by DCI format 1_0. Thus, compared to the coverage enhancement for PDSCH scheduled by fallback DCI, the coverage enhancement for PDSCH scheduled by DCI format other than DCI format 1_0 should be prioritized.
Proposal 4: Compared to the coverage enhancement for PDSCH scheduled by fallback DCI, the coverage enhancement for PDSCH scheduled by DCI format 1_1/1_2/1_3 should be deprioritized.

SSB enhancement
The DL coverage for SSB is also an important aspect for further study. Currently, one SSB includes PSS, SSS and PBCH. One simple way is to transmit the whole SSB by multiple repetitions. However, it could be unnecessary to transmit all the signals within an SSB by the same number of repetitions, since the link budget for different signals could be different. But different number of repetitions for PSS/SSS/PBCH could potentially complicate the system design, especially the SSS and part of PBCH are multiplexed in the same symbol. Therefore, at least the number of repetitions for SSS and PBCH should be the same.
Proposal 5: Support to transmit the SSB by multiple repetitions
· At least the number of repetitions for SSS and PBCH within an SSB should be the same

Conclusion
In this contribution, we provided discussion on downlink coverage enhancement for NR-NTN. Based on the discussion, the following proposals are provided.
Proposal 1: Support to indicate the EPRE ratio between the PDCCH and TRS to facilitate the AGC for PDCCH reception.
Proposal 2: Consider the PDCCH repetition operations for some PDCCH candidates in a search space for PDCCH coverage enhancement.
Proposal 3: Support to indicate the power offset between PDSCH and TRS by DCI with regard to dynamic power sharing.
Proposal 4: Compared to the coverage enhancement for PDSCH scheduled by fallback DCI, the coverage enhancement for PDSCH scheduled by DCI format 1_1/1_2/1_3 should be deprioritized.
Proposal 5: Support to transmit the SSB by multiple repetitions
· At least the number of repetitions for SSS and PBCH within an SSB should be the same

