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1. Introduction
In RAN#99 meeting, the WI on NR NTN (Non-Terrestrial Networks) enhancements was approved. The related objective of this WI was presented as following [1]
	· Coverage enhancement 
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g., repetition) [RAN1, RAN4]
· To specify, if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g., time-frequency pre-compensation) [RAN1]
· NR NTN deployment in above 10GHz bands
· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Network verified UE location
· Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.
· NTN-TN and NTN-NTN mobility and service continuity enhancement
· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2, RAN3, RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g., exchange of necessary information between gNBs. [RAN3]



According to the meeting agenda, this meeting is the first meeting to discuss the performance part of NTN enhancement. 
In this contribution, the initial view on the test scope and test setup of BS demodulation requirement for NTN enhancement.
2	Test scope of BS demodulation requirement   
In this section, the overview on impact of BS demodulation requirement based on the objective in WID was provided.
Coverage Enhancement 
The Rel-18 NTN objectives are focused on the applicability of the “solutions developed by general NR coverage enhancement” (NR_cov_enh) to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement.
[bookmark: _Hlk146440322]The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarization loss (per antenna port). 

Based on RAN1 feasibility analysis as following
	· For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB. 



it was concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain. 
Therefore, PUCCH requirements for Msg4 HARQ-ACK under NTN deployment scenario could be introduced
Proposal 1: PUCCH requirement with Msg4 HARQ-ACK with repetition could be introduced
Excepting for PUCCH, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics was also considered.  In Rel-17, the PUSCH requirements with DMRS bundling for TN deployments have been specified. Although there is no new physical layer design, considering the test coverage and new deployment scenario of NTN channel, PUSCH requirement with DMRS bundling under the NTN channel condition could be introduced.
Proposal 2: PUSCH requirement with DMRS bundling can be introduced for NTN-specific UE 
NR NTN deployment in above 10GHz bands
In Rel-17, the NTN WI is mainly targeting for FR1, where the related demodulation requirements under NTN deploy scenario were specified. In Rel-18, new scenarios to cover deployments in frequency bands over 10GHz is supported in Ka-band 
Meanwhile, based on RAN4 agreement, the related on the band definition and parameters for above 10GHz was agreed 
	Proposed Table 5.1-1: Definition of NTN frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1-NTN1
	410 MHz – 7125 MHz

	FR2-NTN2
	17300 MHz – 30000 MHz

	NOTE 1: [NTN bands within this frequency range are regarded as a FR1 band when references from other specifications.]
NOTE 2: [NTN bands within this frequency range are regarded as a FR2 band when references from other specifications.]






Considering BS demodulation requirement was introduced only for FR1 in Rel-17, considering the test coverage, it is necessary to introduce the demodulation requirements to verify the baseband performance under NTN channel in above 10GHz bands, including PUSCH, PUCCH and PRACH. 
Meanwhile, only the basic requirements of TN were introduced in FR1 for NTN-specific UE, therefore, we would like to only define the basic requirements based on features introduced for TN in Rel-15
Proposal 3: BS demodulation requirement above 10GHz bands could be introduced. Only focus on the basic requirement based on features introduced for TN in Rel-15

Network verified UE location 
This objective is related with UE location derivation, the related measurement and accuracy should be specified, which belongs to the RRM requirement. There is no demodulation performance impact   
Proposal 4: No BS demodulation introduced related with Network verified UE location 

NTN-TN and NTN-NTN mobility and service continuity enhancement
This objective is related with cell reelection, handover, and measurement for NTN mobility, which belongs to the RRM requirement. There is no demodulation performance impact.
Proposal 5: No BS demodulation requirement introduced for NTN-TN and NTN-NTN mobility and service continuity enhancement

3	Test setup of BS demodulation requirement   
In this part, the detail test setup for specific demodulation requirements is discussed based on the test scope discussion in section 2.
[bookmark: _Hlk146555501]3.1	Test setup of PUCCH requirement for Msg4 HARQ-ACK 
PUCCH format
In Rel-15, PUCCH requirements with several formats were specified. For Msg4 HARQ-ACK is transmitted based on the structure of format 1. Therefore, only PUCCH format 1 requirement should be specified.
Proposal 6: Only PUCCH format 1 requirement should be specified 
Number of Repetition
The number of transmissions supported for PUCCH transmission for Msg4 HARQ-ACK was agreed in RAN1
	Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.



In Rel-17, multi-slot PUCCH with format 1 has been specified for NTN scenario with NLOS channel, where number of repetitions is 2. From the baseband processing, there is no different between LOS and NLOS channel. Considering the test coverage, and the coverage limitation of LEO-1200 satellite operating at LOS channel, additional test compared with Rel-17 multi-slots with format 1 under LOS channel can be introduced. For LOS channel, NTN-TDLC5-200 was introduced in Rel-17 for PUSCH requirement, then, it can be used for specifying the PUCCH format 1 with repetition requirement 
Proposal 7: Introduce multi-slot PUCCH requirement with format 1 under 2 repetition for NTN-TDLC5-200 channel

Antenna configuration 
For Antenna configuration, both 1Tx1Rx and 1Tx2Rx were considered for PUCCH requirement definition with repetition, where the related test applicability rule for different number of receiver antenna was introduced to reduce the test effort. Therefore, the same approach can be applied for performance test.
Proposal 8: Introduce PUCCH requirement with both 1Tx1Rx and 1Tx2Rx for NTN-specific UE with repetition. Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test

Other test parameters
For other test parameters, the existing one for multi-slot PUCCH with format 1 can be used as 
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	enabled

	First PRB after frequency hopping
	The largest PRB index 
– (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2



Proposal 9: Using the following test parameters for specifying PUCCH requirement for Msg4 HARQ-ACK 
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	enabled

	First PRB after frequency hopping
	The largest PRB index 
– (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2




3.2	Test setup of PUSCH requirement with DMRS bundling
In Rel-17, DMRS bundling was introduced for coverage enhancement. To enable DMRS bunding feature, RAN4 has introduced the related phase difference, timing error and frequency error limitation requirement. For NTN-specific UE, the following work assumption was made in RAN1
	Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit

Observation
For NTN-specific PUSCH DMRS bundling, 
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4



Based on RAN1 observation, the timing error and frequency error can be stratified within at most 13 slots, and 32 slots, separately, if TA pre-compensation update is not assumed.
Regarding the phase difference limit, as observed by RAN1, it cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier. 
Timing drifting model
In Rel-17, the NTN requirements was defined based on UE can do the pre-compensation in very UL transmission. Therefore, there is no timing drift modeling. For NTT-specific UE, based on RAN1 WA, UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit. If TA pre-compensation is applied for the first transmission in the TDW, and there is no TA pre-compensation operation for other UL transmission slot, it may have some impact on demodulation requirement. Therefore, the related timing drift model should be considered for specifying the PUSCH requirements DMRS bunding. 
Proposal 10: FFS on introduce the timing drift model for specifying the PUSCH requirement with DMRS bundling in NTN scenario. 
Actual TDW and nominal TDW
Based on RAN1 agreement, the following is agreed for nominal TDW
	[bookmark: _Hlk146449437]For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported



And the following is agreed for actual TDW 
	Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined


For Rel-17 CE with DMRS bundling, the value of nominal TDW is configured for 8 for FDD and 2 for TDD, and the values are same the configured PUSCH aggregation factor.  If the timing drifting model included, our preference is to consider the small value for nominal TDW for specifying PUSCH requirement with DMRS bundling. 
Proposal 11: The following value for actual TDW and nominal TDW can be considered for PUSCH requirement with DMRS bundling in NTN scenario
· Actual TDW and PUSCH-TimeDomainWindowLength = 2 or 4 for FDD
· Actual TDW and PUSCH-TimeDomainWindowLength 2 for TDD

BW& SCS
In Rel-17, CE with DMRS bundling, the minimum CBW for each SCS was considered for requirement definition. As observed in RAN1, phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier. Therefore, large CBWs or larger PRB may be not applied for NTN-specific UE with DMRS bundling, considering for satisfying the phase difference limit. 
Proposal 12: The following PRB allocation can be considered for PUSCH requirement with DMRS bundling in NTN scenario
· PRB: 6RBs for both 15KHz and 30KHz

Mapping type 
In Rel-17, both PUSCH mapping type A and mapping type B were considered for PUSCH requirement definition with DMRS bundling. To reduce the test effort, we prefer to specify the PUSCH DMRS bunding with mapping type A., while we are also open to further discuss whether the PUSCH mapping type B is necessary considering the test coverage.
Proposal 13: Introduce PUSCH requirement with mapping type A for NTN-specific UE with DMRS bundling
Waveform 
Since the DMRS bundling introduced is mainly targeting for coverage enhancement, similar as Rel-17 CE, only CP-OFDM wave is considered for PUSCH requirement for NTN-specific UE with DMRS bundling.
Proposal 14: Introduce PUSCH requirement with CP-OFDM waveform for NTN-specific UE with DMRS bundling
Antenna configuration
For Antenna configuration, both 1Tx1Rx and 1Tx2Rx were considered for PUSCH requirement definition with DMRS bundling, where the related test applicability rule for different number of receiver antenna was introduced to reduce the test effort. Therefore, the same approach can be applied for performance test.
Proposal 15: Introduce PUSCH requirement with both 1Tx1Rx and 1Tx2Rx for NTN-specific UE with DMRS bundling. Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test
Number Of DMRS 
For number of DMRS, although both 1 DMRS symbol and 2 DMRS symbols were considered for PUSCH requirement definition with DMRS bundling, and minor performance between 1 DMRS and 2 DMRS symbols, we would like to select the typical DMRS configuration for specifying the PUSCH requirement for NTN-specific UE with 1+1 DMRS symbols.
Proposal 16: Introduce PUSCH requirement for NTN-specific UE with 1+1 DMRS symbols.
Other
For other test parameters, the existing test parameters for specifying PUSCH requirement with DMRS bundling for TN-specific UE can be reused for NTN-specific UE with DMRS bundling.
Proposal 17: Apply the existing test parameters for specifying PUSCH requirement with DMRS bundling for NTN-specific UE with DMRS bundling
	Parameter
	Value

	Transform precoding
	Disabled

	Example UL-DL pattern [Note 1]
	15 kHz SCS: FDD and TDD
7D1S2U, S=6D:4G:4U
30 kHz SCS: FDD and TDD
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence [Note 2]
	0, 3, 0, 3 for FDD
0, 3, 0, 3 for TDD 

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	PUSCH aggregation factor
	[n2] or [n8] for FDD 
n2 for TDD 

	pusch-TimeDomainWindowLength
	[2] or [4] slots for FDD 
2 slots for TDD

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The same TDD requirements are applicable to different UL-DL patterns with more than one consecutive UL slots when both pusch-TimeDomainWindowLength and PUSCH aggregation factor are configured as 2 slots. The UL (re)transmission of PUSCH is only scheduled for the actual TDW including 2 consecutive UL slots. 
Note 2:	The effective RV sequence is {0, 2, 3, 1} with slot aggregation.



3.3	Test setup of BS demodulation requirement above 10GHz 
In this subsection, the test setup for BS demodulation requirements above 10GHz, including PUSCH, PUCCH and PRACH are specified, separately. 
SCS & BW
For numerologies in NR NTN above 10GHz bands, the following agreement are made in the RRM session
	· RAN4 to consider the following numerologies for RRM requirement definition for NR-NTN above 10 GHz bands
· Consider SSB SCS larger than 30KHz, i.e., 120KHz and 240KHz 
· Consider UL SCS larger than 30KHz, i.e., 60KHz and 120KHz
· RAN4 to send an LS to RAN1 and RAN2



Meanwhile, regarding the spectral utilization, the following is agreed 
	· Agreement 
· Option 1: to use the same special unitization requirement of FR2 TN system for NTN Ka-band as starting point
· Consider SSB SCS larger than 30KHz, i.e., 120KHz and 240KHz 
· Consider UL SCS larger than 30KHz, i.e., 60KHz and 120KHz
· RAN4 to send an LS to RAN1 and RAN2



The supported channel bandwidth for NTN operation above 10GHz, is agreed
	· For NTN operation above 10GHz, at least the channel bandwidth 50, 100 and 200 MHz are supported 
· Consider SSB SCS larger than 30KHz, i.e., 120KHz and 240KHz 
· Consider UL SCS larger than 30KHz, i.e., 60KHz and 120KHz
· RAN4 to send an LS to RAN1 and RAN2



As the detail channel bandwidth for requirement definition, since RAN4 has already introduced the test applicability rule for different channel bandwidth, we would like to specify the BS demodulation requirement with minimum channel bandwidth per each SCS. 
Proposal 18: The following SCS and CBW can be considered for specifying PUSCH requirements above 10GHz
· 60 KHz SCS, 50MHz
· 120 KHz SCS, 50MHz
 
Duplex
[bookmark: _Hlk146539535]Regarding the duplex mode, FDD mode is assumed for satellite operation above 10GHz, while TDD mode is assumed for terrestrial operation in FR2, according to the WID.
Proposal 19: Introduce SAN demodulation requirement with FDD only 

SAN Type 
For SAN Type, whether to define both conductive and radiated RF requirement was under discussion. As agreed, 
	Agreement: Introduce Type 2-O radiated requirements and FFS for conductive requirements for Ka band/above 10GHz.



Proposal 20: Prioritize to define SAN demodulation requirement for Type 2-O. FFS to define BS demodulation requirement for Type 2-H, pending on conclusion of RF core requirement 

Channel Model 
In Rel-17 NTN WI, NTN-TDLA and NTN-TDLC were selected for demodulation requirement in S band to cover both NLOS and LOS scenario.
Regarding how to select the proper delay spread and doppler shift, RAN4 has discussion with several meeting in Rel-17 NTN WI. As for delay spread, small value is expected with considering high carrier frequency. The selection of delay spread is considering the elevation angle >=30 as the worst case from link budget perspective, also the timing limitation. Therefore, the same approach can be reused to select the proper delay spread. The following is the RMS delay spread for different scenarios NLOS and LOS in Ka band

The RMS delay spread is within range of 0.5~114.8ns regarding to elevation angle >= 30o. 
Table 1 RMS delay spread for different scenarios NLOS in Ka band
	 DS (ns)
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Dense Urban NLOS
	138.0384
	144.5440
	100.0000
	61.6595
	38.0189
	13.8038
	17.3780
	8.5114
	11.2202

	Urban NLOS
	57.5440
	19.9526
	15.1356
	9.1201
	8.3176
	7.9433
	6.9183
	9.3325
	4.6774

	Suburban NLOS
	37.1535
	23.4423   
	13.8038   
	10.9648   
	10.4713    
	3.5481    
	6.1660    
	2.0417    
	2.0417

	Rural NLOS
	0.7413    
	4.0738    
	7.9433   
	10.9648   
	10.2329    
	8.9125    
	9.7724    
	8.9125   
	12.3027



For LOS channel NTN-TDLC, the relevant parameters are K-factor and delay spread
Table 2 RMS delay spread for different scenarios LOS in Ka band
	 DS (ns)
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Dense Urban LOS
	37.1535   
	23.9883   
	17.3780    
	9.5499    
	7.4131    
	5.0119    
	4.5709    
	4.0738    
	3.5481

	Urban LOS
	3.0200
	2.5704
	3.0903
	3.2359
	3.3113
	3.6308
	3.9811
	4.2658
	4.4668

	Suburban LOS
	8.5114
	2.4547
	1.9055    
	2.3442    
	2.8840    
	3.3113    
	3.8019    
	4.0738    
	4.2658

	Rural LOS
	0.2089    
	1.3804    
	2.5704    
	3.4674    
	4.3652    
	5.0119    
	5.4954    
	6.0256    
	6.1660



As for delay spread, small value is preferred considering high frequency.  Based on the RMS delay spread, for NLOS scenario, the DS is around 10ns for most of cases, and for LOS scenario, the DS is around with 5ns. Considering that, we would like to apply TDLA10 and TDLC5 for specifying PUSCH requirement above 10GHz, 
As for doppler spread, since assuming UE will do the doppler frequency tracking and pre-compensation, then, only the UE speed will be included for doppler spread calculation. Based on frequency range for above 10GHz in Ka-band as following, up to 30GHz is supported in UL. 
	Frequency range designation
	Corresponding frequency range 

	FR1-NTN1
	410 MHz – 7125 MHz

	FR2-NTN2
	17300 MHz – 30000 MHz

	NOTE 1: [NTN bands within this frequency range are regarded as a FR1 band when references from other specifications.]
NOTE 2: [NTN bands within this frequency range are regarded as a FR2 band when references from other specifications.]



Assuming the 0.1 ppm for residual Frequency error after UL pre-compensation, the related frequency offset is around 3000Hz.  
Proposal 21: The following channel model can be considered for specifying BS demodulation as starting point
· [NTN-TDLA10-3000]
· [NTN-TDLC5-3000]

3.3.1	Test setup of PUSCH requirement above 10GHz 
For other test parameters, the existing test parameters for specifying PUSCH requirement in FR2 can be reused as following 
Proposal 22: The following test parameters could be considered for specifying PUSCH requirement for above 10GHz 
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	Pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0, 1}

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain
	RB assignment
	Full applicable test bandwidth

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	2, 

	configuration
	Time density (LPT-RS)
	1, 

	NOTE 1:	The same requirements are applicable to TDD with different UL-DL patterns



3.3.2	Test setup of PUCCH requirement above 10GHz 
[bookmark: _Hlk146564251]In Rel-17 NTN WI, the PUCCH requirements with all the formats were considered for NTN-specific UE. For above 10GHz, the same PUCCH formats can be considered for PUCCH requirement. The same test parameters can be reused for requirement definition.
Proposal 23: The following test parameters could be considered for specifying PUCCH requirement for above 10GHz 

Table 3:  Test parameters of PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols

	Test metric
	DTX to ACK probability
ACK missed detection probability 

	Channel Model 
	[NTN-TDLA10-3000]




Table 4:  Test parameters of PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Test metric 
	NACK to ACK probability 
ACK missed detection probability



Table 5   Test parameters of PUCCH format 2
	Parameter
	Value

	Modulation order
	QSPK

	Starting RB location 
	0

	Intra-slot frequency hopping
	N/A 

	Number of PRBs
	4

	Number of symbols 
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0

	Test metric 
	DTX to ACK probability 
ACK missed detection probability



Table 6:  Test parameters of PUCCH format 2
	Parameter
	Value 

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	Frist PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0

	Test metric 
	BLER 



Table 7:  Test parameters of PUCCH format 3
	Parameter
	Test 1
	Test 2

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0

	Test metric
	BLER



Table 8:  Test parameters of PUCCH format 4
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0

	Test metric 
	BLER




3.3.3	Test setup of PRACH requirement above 10GHz 
PRACH formats
In Rel-17 NTN WI, the PRACH requirements with long short formats 0 and 2, short formats B4 and C2, were considered for NTN-specific UE. For above 10GHz, since the supported SCS is 60KHz and 120KHz, only short PRACH formats can be considered, where short format B4 and C2 can be selected as a starting point.
Test preamble configuration 
Regarding the test preamble configuration, the existing value in Rel-15 FR2 can be reused as following
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	
	60
	69
	0
	0

	B4, C2
	120
	69
	0
	0




Frequency offset
Regarding the frequency offset, the value in both AWGN and fading are considered. For AWGN, the corresponding frequency offset should be 0. For fading channel, assuming UE will do the pre-compensation, the residual frequency offset is 0.1ppm. Given the carrier frequency is 30GHz in uplink, then, the frequency offset can be calculated as 3000Hz.
Time error tolerance 
Similar as Rel-15, the time error tolerance can be calculated as:  where  is the largest delay of the propagation channel. The detail value of  pending on the selected channel model
In summary, the following test parameters could be considered for specifying PRACH requirement above 10GHz
· PRACH format: C2 and B4
· Test preamble configuration

	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	
	60
	69
	0
	0

	B4, C2
	120
	69
	0
	0



· Frequency offset
· AWGN: 0Hz,
· Fading: 3000Hz

· Time error tolerance
·  where  is the largest delay of the propagation channel

· Channel Model: [NTN-TDLA10-3000]


Proposal 24: The following test parameters could be considered for specifying PRACH requirement for above 10GHz 
· PRACH format: C2 and B4
· Test preamble configuration

	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	
	60
	69
	0
	0

	B4, C2
	120
	69
	0
	0



· Frequency offset
· AWGN: 0Hz,
· Fading: 3000Hz

· Time error tolerance
·  where  is the largest delay of the propagation channel

· Channel Model: [NTN-TDLA10-3000]


4	Conclusion
In this contribution, the view on the test scope of BS demodulation requirement for NTN enhancement is provided.  

Test scope
Proposal 1: PUCCH requirement with Msg4 HARQ-ACK with repetition could be introduced
Proposal 2: PUSCH requirement with DMRS bundling can be introduced for NTN-specific UE 
Proposal 3: BS demodulation requirement above 10GHz bands could be introduced. Only focus on the basic requirement based on features introduced for TN in Rel-15
Proposal 4: No BS demodulation introduced related with Network verified UE location 
Proposal 5: No BS demodulation requirement introduced for NTN-TN and NTN-NTN mobility and service continuity enhancement


Test setup for PUCCH requirement for Msg4 HARQ-ACK

Proposal 6: Only PUCCH format 1 requirement should be specified 
Proposal 7: Introduce multi-slot PUCCH requirement with format 1 under 2 repetition for NTN-TDLC5-200 channel
Proposal 8: Introduce PUCCH requirement with both 1Tx1Rx and 1Tx2Rx for NTN-specific UE with repetition. Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test
Proposal 9: Using the following test parameters for specifying PUCCH requirement for Msg4 HARQ-ACK 
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	enabled

	First PRB after frequency hopping
	The largest PRB index 
– (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2




Test setup for PUSCH requirement with DMRS bundling 

Proposal 10: FFS on introduce the timing drift model for specifying the PUSCH requirement with DMRS bundling in NTN scenario. 
Proposal 11: The following value for actual TDW and nominal TDW can be considered for PUSCH requirement with DMRS bundling in NTN scenario
· Actual TDW and PUSCH-TimeDomainWindowLength = 2 or 4 for FDD
· Actual TDW and PUSCH-TimeDomainWindowLength 2 for TDD

Proposal 12: The following PRB allocation can be considered for PUSCH requirement with DMRS bundling in NTN scenario
· PRB: 6RBs for both 15KHz and 30KHz

Proposal 13: Introduce PUSCH requirement with mapping type A for NTN-specific UE with DMRS bundling
Proposal 14: Introduce PUSCH requirement with CP-OFDM waveform for NTN-specific UE with DMRS bundling
Proposal 15: Introduce PUSCH requirement with both 1Tx1Rx and 1Tx2Rx for NTN-specific UE with DMRS bundling. Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test
Proposal 16: Introduce PUSCH requirement for NTN-specific UE with 1+1 DMRS symbols.
Proposal 17: Apply the existing test parameters for specifying PUSCH requirement with DMRS bundling for NTN-specific UE with DMRS bundling
	Parameter
	Value

	Transform precoding
	Disabled

	Example UL-DL pattern [Note 1]
	15 kHz SCS: FDD and TDD
7D1S2U, S=6D:4G:4U
30 kHz SCS: FDD and TDD
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence [Note 2]
	0, 3, 0, 3 for FDD
0, 3, 0, 3 for TDD 

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	PUSCH aggregation factor
	[n2] or [n8] for FDD 
n2 for TDD 

	pusch-TimeDomainWindowLength
	[2] or [4] slots for FDD 
2 slots for TDD

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The same TDD requirements are applicable to different UL-DL patterns with more than one consecutive UL slots when both pusch-TimeDomainWindowLength and PUSCH aggregation factor are configured as 2 slots. The UL (re)transmission of PUSCH is only scheduled for the actual TDW including 2 consecutive UL slots. 
Note 2:	The effective RV sequence is {0, 2, 3, 1} with slot aggregation.




Test setup for BS demodulation  requirement above 10GHz


Proposal 18: The following SCS and CBW can be considered for specifying PUSCH requirements above 10GHz
· 60 KHz SCS, 50MHz
· 120 KHz SCS, 50MHz

Proposal 19: Introduce SAN demodulation requirement with FDD only 
Proposal 20: Prioritize to define SAN demodulation requirement for Type 2-O. FFS to define BS demodulation requirement for Type 2-H, pending on conclusion of RF core requirement 
Proposal 21: The following channel model can be considered for specifying BS demodulation as starting point
· [NTN-TDLA10-3000]
· [NTN-TDLC5-3000]

Proposal 22: The following test parameters could be considered for specifying PUSCH requirement for above 10GHz 
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	Pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0, 1}

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain
	RB assignment
	Full applicable test bandwidth

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	2, 

	configuration
	Time density (LPT-RS)
	1, 

	NOTE 1:	The same requirements are applicable to TDD with different UL-DL patterns



Proposal 23: The following test parameters could be considered for specifying PUCCH requirement for above 10GHz 

Table 3:  Test parameters of PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols

	Test metric
	DTX to ACK probability
ACK missed detection probability 

	Channel Model 
	[NTN-TDLA10-3000]




Table 4:  Test parameters of PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Test metric 
	NACK to ACK probability 
ACK missed detection probability



Table 5   Test parameters of PUCCH format 2
	Parameter
	Value

	Modulation order
	QSPK

	Starting RB location 
	0

	Intra-slot frequency hopping
	N/A 

	Number of PRBs
	4

	Number of symbols 
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0

	Test metric 
	DTX to ACK probability 
ACK missed detection probability



Table 6:  Test parameters of PUCCH format 2
	Parameter
	Value 

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	Frist PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0

	Test metric 
	BLER 



Table 7:  Test parameters of PUCCH format 3
	Parameter
	Test 1
	Test 2

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0

	Test metric
	BLER



Table 8:  Test parameters of PUCCH format 4
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0

	Test metric 
	BLER



Proposal 24: The following test parameters could be considered for specifying PRACH requirement for above 10GHz 
· PRACH format: C2 and B4
· Test preamble configuration

	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	
	60
	69
	0
	0

	B4, C2
	120
	69
	0
	0



· Frequency offset
· AWGN: 0Hz,
· Fading: 3000Hz

· Time error tolerance
·  where  is the largest delay of the propagation channel

· Channel Model: [NTN-TDLA10-3000]
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