3GPP TSG-RAN WG4 Meeting #109                                                       R4-2319223
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Chicago, US, 13th – 17th Nov. 2023

Agenda Item:	8.26.8.2
Source:	Ericsson
Title:	On general issues and UE demodulation requirement for NR NTN enh.
Document for:	Discussion
1	Introduction
[bookmark: _Hlk528680199]This is the second meeting for the demodulation part of Rel-18 NTN enhancement. 
In this contribution, we mainly discussed the scenario and channel model for above 10GHz bands, along with the analysis on related UE demodulation performance requirement.   
2	Discussion
2.1 General
2.1.1 	Scenario 
It was agreed in the last meeting that requirement definition will be considered for NGSO (Non-Geostationary Orbit) scenario, yet to continue discussing on the possibility of GSO (Geostationary Earth Orbit). Following agreements are captured in the last meeting WF [1]:
	Issue 2-1-1: Scenario
· Agreement
· At least NGSO scenario to be considered for requirement definition, companies can check whether GSO can also be considered for NTN demod.
· Focus on the mobility scenario assumed by RRM. (Mobility VSAT with LEO is not considered)



The majority of GSO satellites exhibit relative motion with respect to NTN UE (Non-Terrestrial Network User Equipment). From a demodulation standpoint, the relative Doppler shift induced by mobile GSO is considerably smaller than that of NGSO such as Low Earth Orbit (LEO) satellites. In this case, the discussion on introducing new UE demodulation requirements in release 17 primarily concentrates on the LEO aspect. It is not necessary to consider introducing additional UE demodulation requirements for GSO scenario. For UE supporting GSO scenario, legacy FR1 and FR2 UE demodulation requirement in TS38.101-4 shall be applied according to the applicability rules in TS38.101-4 Clause 5.1.6.1, 7.1 and 8.1.
Proposal 1: Do not introduce specific UE demodulation requirements for GSO scenario, legacy TN FR1 and FR2 UE demodulation requirement can be reused.
As for the SAN requirements, both GSO and NGSO were covered in Rel-17 but only one set of demodulation requirement was applied for both scenarios based on the UL pre-compensation capability of the NTN UE. Similar approach can be reused.
Proposal 2: Use one set of requirements to cover both GSO and NGSO scenarios for SAN.
2.1.2	Channel model
Regarding the channel model, it’s previously agreed to consider NTN-TDLA and/or NTN-TDLC with down selection if necessary. However, the consideration of delay and Doppler has not been finalized yet. There are various options proposed by different companies on how to choose the Doppler value, and whether the UE velocity should be taken into account, and if so, to what extent, is a crucial aspect that requires further discussion. 
Following agreements and options are captured in the WF [1]:
	Issue 2-1-2: Channel model
· Agreement
· For FR2-NTN, consider NTN-TDLA and/or NTN-TDL-C with down selection if necessary.
· FFS delay and Doppler
· For delay selection, consider the worst case based on typical angle selection, e.g. [30 degree].
· How to derive the Doppler: 
· Option 1: Based on residual frequency error.
· Option 2: Based on UE speed
· FFS UE speed: [120km/h, 1000km/h], other Options are not precluded.
· Interested companies are encourage to propose values for doppler and delay spread.
· Other options are not precluded



In Rel-17, suburban and rural scenario were considered as worse cases for demodulation based on link budget calculation, delay spread and LOS probability in TR38.811 [3]. The elevation angle 30o was assumed as the worst case for LOS channel. We think it’s necessary to reconsider both NTN-TDLA and NTN-TDLC channel models, together with elevation angle equals to 30o. According to TR38.811 Table 6.7.2-7b, the corresponding average K-factor = 8.4dB and average lg(DS)= 8.59 (mean delay spread is 2.6ns and maximum delay spread is 3.9ns). In this case, the delay spread is 3ns. Regarding the TE implementation, we can consider 5ns for delay spread.
As for the Doppler value, views are divisive among companies on whether it is feasible to only consider residual frequency error. From our understanding, similar approach can be applied so that it is the process that after the pre-compensation we consider for introducing demodulation requirement. The exact value for the residual frequency error, however, can be further studied in order to figure out whether worse residual error (than 0.1ppm) should be taken into account. According to our simulation results [4], the Doppler shift as 3000Hz for UL and 2000Hz for DL with 120kHz SCS and DM-RS 1+1 is feasible. 
Proposal 3: Derive the Doppler value based on the residual frequency error, take 3000Hz for UL and 2000Hz for DL as a starting point.
2.1.3	link budget
According to link budget in TR38.821, the target SNR is summarized in following table.
Table 2.1.31 Link budget results for Ka band
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC1
	DL
	20.0
	96.0
	15.9
	400.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	400.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	0.5

	SC2
	DL
	20.0
	91.2
	15.9
	133.3
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	133.3
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	5.2

	SC3
	DL
	20.0
	93.0
	15.9
	200.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	200.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	3.5

	SC6
	DL
	20.0
	60.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	18.4

	SC7
	DL
	20.0
	55.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	23.1

	SC8
	DL
	20.0
	57.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	21.4

	SC11
	DL
	20.0
	66.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	13.0

	SC12
	DL
	20.0
	61.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	17.8

	SC13
	DL
	20.0
	63.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	16.0

	SC16
	DL
	20.0
	88.0
	15.9
	400.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	400.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-6.3

	SC17
	DL
	20.0
	83.2
	15.9
	133.3
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	133.3
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-1.6

	SC18
	DL
	20.0
	85.0
	15.9
	200.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	200.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-3.3

	SC21
	DL
	20.0
	52.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	10.4

	SC22
	DL
	20.0
	47.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	15.1

	SC23
	DL
	20.0
	49.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	13.4

	SC26
	DL
	20.0
	58.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	5.0

	SC27
	DL
	20.0
	53.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	9.8

	SC28
	DL
	20.0
	55.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	8.0

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].



Observation 1: The DL CNR range is 0.5 ~ 11.6dB and UL CNR range is -3.3 ~ 21.4dB when channel bandwidth <=200MHz. 
Based on our initial simulations with LOS channel on 1T1R, the MCS17 would require around 10~11dB SNR. If NLOS channel and Rx PN impact are considered, 64QAM might not be feasible for DL but be feasible for UL on Ka band. 
2.1.4	Antenna configuration
There are two types of VSATs deployed: phased array and parabolic. The phased array VSAT can support two linear polarizations, which can be considered as 1T2R. On the other hand, the parabolic VSAT supports circular polarization for which 1T1R is considered as the typical configuration. Currently, the discussion in the RF session is focused on the parabolic VSAT, but it's unclear if it can simultaneously support two circular polarizations. Satellite companies mentioned 2T2R with 2 layers transmission is possible since the correlation between two circular polarizations is very low. If it is true, then the performance of normalized throughput would be quite similar as 1T1R. In this case, we propose to initially discuss demodulation with a configuration of 1T1R for the parabolic VSAT in Rel-18. More antenna configurations can be further added during the discussion. 
Proposal 4: Consider 1T1R parabolic VSAT as a starting point.
2.2 UE demodulation 
2.2.1	Test scope 
[bookmark: _Toc146741363]As for PDCCH, we propose to evaluate the feasibility of reusing the existing FR2 TN requirement. It should be considered together with the antenna configuration. New requirement can be considered for 1T1R parabolic scenario.
FR2 TN PBCH requirement can be reused since the SSB pattern is the same. Corresponding SCS are 120kHz and 240kHz, and CBW can consider typical 100MHz. 
Regarding CSI reporting requirements, for Rel-17, it has been agreed that no CSI feedback is required for Non-Terrestrial Network (NTN) deployment, primarily due to the extended propagation delay associated with Geostationary Orbit (GSO) or the high speeds of Non-Geostationary Orbit (NGSO) satellites. This principle can also be applied to NTN Frequency Range 2 (FR2) deployment.
Proposal 5: Further evaluate the feasibility of reusing TN FR2 PDCCH requirements.
Proposal 6: Reuse the existing PBCH demodulation requirements for FR2-1 for eNTN.
Proposal 7: Do not define UE CSI reporting requirement for above 10GHz bands.
2.2.2	General issues for above 10GHz bands
This section mainly discussed the general assumptions for UE demodulation requirement.
According to the agreed WF [1], followings were agreed for this section:
	Issue 3-2-1: Frequency/timing drift
· Agreement
· Assumption: UE is assumed to do compensation for frequency and timing drift , and is not part of baseband processing for demod.
· No frequency and timing drift are modelled in Rel-18 NTN UE requirements.
Issue 3-2-5: Receiver assumption
· Agreement
· MMSE-IRC
Issue 3-2-6: Duplex
· Agreement
· FDD
Issue 3-2-7: Payload
· Agreement
· Transparent payload for both GSO and NGSO scenarios.



We will focus on other relevant open issues below.
Channel bandwidth
As for the channel bandwidth, we propose to consider 100MHz out of all the supported bandwidth of NTN Ka band (list: {50, 100, 200 and 400}) MHz bandwidth.
Proposal 8: Consider 100MHz for channel bandwidth.
Rx phase Noise
It’s reasonable to follow the approach in TN FR2 demodulation requirements for the consideration of Tx EVM and Rx phase noise to add corresponding impairment margins based on the PN model. However, the Tx EVM impact should be minor since it is very likely to consider low modulation order for NTN FR2 scenario. 
Proposal 9: Take Rx phase noise impact into impairment results and companies can give proper values based on preferred PN model.
2.2.3	Test setup for above 10GHz bands
Following test setups are proposed for different channels.
MCS, rank and mapping type for PDSCH
Consider following basic assumptions of PDSCH with mapping type A for introducing new PDSCH requirements for Rel-18 NTN enhancement. 
[bookmark: _Toc146741365]Proposal 10: Introduce new PDSCH demodulation requirements with mapping type A for single carrier for Rel-18 NR NTN FR2 demodulation. Consider following common configurations for initial evaluations:  
· [bookmark: _Toc146741366][bookmark: _Toc146741367]SCS and CBW: Prioritize 120kHz SCS and 100MHz CBW
· [bookmark: _Toc146741368]Rank: 1
· [bookmark: _Toc146741369]Modulation level: Prioritize 16QAM and QPSK. 
PDCCH assumptions
As discussed above on antenna configuration, 1Tx is considered. In TN FR2 requirements, both aggregation level 2 and 4 are tested. In NTN deployment, higher aggregation level is more feasible due to normally low SNR at receiver side. We propose to evaluate AL2 and AL4, and then make further down selection if necessary.
[bookmark: _Toc146741370]Proposal 11: Introduce new PDCCH demodulation requirements for Rel-18 NR NTN FR2 demodulation. Consider following common configurations for initial evaluations:
· [bookmark: _Toc146741371][bookmark: _Toc146741372]SCS and CBW: Prioritize 120kHz SCS and 100MHz CBW
· [bookmark: _Toc146741373]Aggregation level: 2 and 4
PBCH assumptions
Current TN FR2 PBCH demodulation requirements include both SSB index known and unknown cases, which are the same as we used for NTN FR2. Thus, we prefer to reuse the existing TN FR2 PBCH requirements.
[bookmark: _Toc146741374]Proposal 12: Reuse the existing PBCH demodulation requirements for FR2 NTN enhancement.
   
3	Summary
In this contribution, we gave our analysis on the general issues and UE demodulation impact.
We summarized our proposals as follows:
Proposal 1: Do not introduce specific UE demodulation requirements for GSO scenario, legacy TN FR1 and FR2 UE demodulation requirement can be reused. 
Proposal 2: Use one set of requirements to cover both GSO and NGSO scenarios for SAN.
Proposal 3: Derive the Doppler value based on the residual frequency error, take 3000Hz for UL and 2000Hz for DL as a starting point.
Observation 1: The DL CNR range is 0.5 ~ 11.6dB and UL CNR range is -3.3 ~ 21.4dB when channel bandwidth <=200MHz. 
Proposal 4: Consider 1T1R parabolic VSAT as a starting pointProposal 5: Further evaluate the feasibility of reusing TN FR2 PDCCH requirements.
Proposal 6: Reuse the existing PBCH demodulation requirements for FR2-1 for eNTN.
Proposal 7: Do not define UE CSI reporting requirement for above 10GHz bands.
Proposal 8: Consider 100MHz for channel bandwidth.
Proposal 9: Take Rx phase noise impact into impairment results and companies can give proper values based on preferred PN model.
Proposal 10: Introduce new PDSCH demodulation requirements with mapping type A for single carrier for Rel-18 NR NTN FR2 demodulation. Consider following common configurations for initial discussion:  
· SCS and CBW: Prioritize 120kHz SCS and 100MHz CBW
· Rank: 1
· Modulation level: Prioritize 16QAM and QPSK. 
Proposal 11: Introduce new PDCCH demodulation requirements for Rel-18 NR NTN FR2 demodulation. Consider following common configurations for initial discussion:
· SCS and CBW: Prioritize 120kHz SCS and 100MHz CBW
· Aggregation level: 2 and 4
Proposal 12: Reuse the existing PBCH demodulation requirements for FR2 NTN enhancement.
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