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Introduction
This topic summary treats the following agenda items in the WI	 Enhanced requirements and conductive test methodology for NR NTN and IoT NTN.
· 6.6.2.3: SAN demodulation performance requirements for Less than 5MHz for NTN
· 6.6.3.1.2: Applicability of dynamic channel model for demodulation and RRM
· 6.6.3.3: UE demodulation performance requirements for NTN testing for NGSO
Topic #1: SAN demodulation for UE supporting less than 5MHz for NTN (AI 6.6.2.3)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2521320
	Ericsson
	CR to 38.181 for requirements and applicability rule NR NTN less than 5MHz.
Resubmission of R4-2514018 as the formal CR. 



Open issues summary
Sub-topic 1-1	PUCCH format 2 demodulation requirements for NTN with 3MHz CBW
Issue 1-1-1: CRs
RAN#116bis endorsed the following draft CRs for SAN demodulation requirements for UE supporting less than 5MHz for NTN. 
· R4-2515045, “draft CR to 38.108 for SAN NR PUCCH format2 requirement with less than 5MHz”, Samsung
· R4-2514018, “(NR_IoT_NTN_req_test_enh-Perf) Draft big CR to 38.181 for requirements and applicability rule NR NTN less than 5MHz”, Ericsson. 
In this meeting, the forma CR to TS 38.181 is submitted. 
· Recommended WF
· If R4-2521320 are approved, we need the formal CR to TS 38.108 also.
· If SAN demodulation requirements are completed in RAN4#118, CR R4-2521320 can be postponed. 

Topic #2: Applicability of dynamic channel model for demodulation and RRM (AI 6.6.3.1.2)
[bookmark: _Ref213534610]Companies’ contributions summary (both 6.6.3.1.2 and 6.6.3.3)
	T-doc number
	Company
	Proposals / Observations

	R4-2520032
	MediaTek
	Demod
Observation 1: If applicable tests are 1-5 and 1-6 for UE declaring Rel-19, there will be no tests for UE supporting 32 HARQ processes and HARQ disabled
Observation 2: Applying time varying channel model to pre-Rel-19 releases would require further specification efforts in TS38.101-5 and TS38.102 to clearly define its applicability and scope for earlier releases
Proposal 1: For applicability of dynamic channel model for NR-NTN demodulation requirements, we support
· For UE declaring Rel-19 UE: Applicable tests are 1-5, 1-6, 1-3 and 1-4. (Option 1)
· For UE declaring Rel-17/18 UE: Applicable tests are 1-1, 1-2, 1-3 and 1-4. (Option 2)
RRM
Observation 3: According to WID RP-241281, the scope is to specify UE RRM performance test of uplink timing in the FR1-NTN bands, and other RRM tests are not included.
Observation 4: Applying dynamic channel model to all RRM cases would complicate the test procedure. For example, the test procedure needs to be revised to continuously update the SMTC/MG configurations during the test, and the update frequency and appropriate timing offset need to be further specified.
Proposal 2: Specify UE RRM performance test of uplink timing for NGSO only and do not extend it to other RRM tests. If needed, raise WID upscoping at RANP.
Observation 5: Applying dynamic channel model to pre-Rel-19 test cases will require additional RRM specification efforts to clearly define its applicability and scope for earlier releases.
Proposal 3: Not apply to pre-Rel-19 test cases in RRM.

	R4-2521487
	Samsung
	Demodulation perspective 
Observation 1: RAN4 has introduced PDSCH and PDCCH requirements for both FR1-NTN and FR2-NTN.
Observation 2: According to WID, RAN4 will only specify UE demodulation requirement with TE-emulated channel model with varying Doppler and Delay shifts for NR-NTN and IoT-NTN in FR1-NTN bands in FR1-NTN bands and the corresponding LTE bands. 
Observation 3: Considering the test effort and test time, RAN4 only down selects the basic cases with applying TE-emulated channel model with varying Doppler and Delay shifts for NR NTN and IoT NTN for testing. Other cases are still tested based on assumption of constant frequency offset and propagation delay.
Observation 4: RAN4 has investigated the impact of channel model on performance requirement with considering residual estimation frequency and timing error these selected cases. And additional margin on existing requirement was added based on companies’ evaluation.
Observation 5: Pending on RAN-P meeting discussion whether to update the WID to include the time-varying Doppler and propagation delay channel model for all the existing test cases defined in Rel-17/18. 
[bookmark: _Hlk213601665]Proposal 1: The applicability of NGSO channel for NTN tests is only for selected demodulation performance test cases for NR NTN and IoT-NTN in FR1-NTN bands unless further assessment the impact of other remaining cases defined Rel-17 and Rel-18. And RAN4 should investigate how to perform the NB-IoT test with requiring large repetition by applying the time-varying doppler and propagation delay channel model if agreed to revise the WID 
Proposal 2: The applicability of NGSO channel for NTN tests is for UE RRM performance test of uplink timing for NGSO for NR-NTN and IoT-NTN in the FR1-NTN bands unless further observation for all RRM tests.

	R4-2521745
	Nokia
	Proposal 1: Apply the channel model to all test cases in RRM.
Observation 1: It can be discussed whether the applicability of the channel model for other test cases (besides transmit timing test cases) shall be dependent on UE declaration of support.
Proposal 2: Add an extra 0.5 dB margin in the accuracy test cases when the new channel model is introduced
Proposal 3: RAN4 to adopt Table 1 as reference for the analysis of the impact of the new channel model in the new test cases.
Proposal 4: The satellite motion-based time varying channel model can be retroactively applied to pre-Rel-19 test cases subject to DUT declaration

	R4-2522162
	Qualcomm
	Proposal 1: The satellite motion-based time-varying channel model is applied to all RRM and demodulation test cases defined for FR1-NR NTN. Clarification statements indicating that these test cases should be conducted using the satellite motion-based channel model specified in TS 38.101-5 will be added either in ‘A.3.36.2 Principle of testing different RRM requirements’ or at the beginning of ‘A.14 NR standalone tests for Satellite access’ in the RRM specification. The exact wording will be addressed during the maintenance CR discussion.
Proposal 2: The satellite motion-based time-varying channel model can be optionally applied to Demodulation and RRM conformance test cases for pre-Rel-19 FR1-NR NTN UEs, provided the channel model is available at the TE and RAN5 test framework permits the DUT to choose to do so.
Proposal 3: RAN4 to send an LS to RAN5 regarding Proposal 1 and Proposal 2 to inform the following:
· The newly defined Rel-19 NTN channel model shall be applied to all Demodulation and RRM conformance test cases for Rel-19 FR1 NR-NTN UEs and later releases.
· The newly defined Rel-19 NTN channel model can be optionally applied to Demodulation and RRM conformance test cases for pre-Rel-19 FR1-NR NTN UEs, provided the channel model is available at the TE and RAN5 test framework permits the DUT to choose to do so.

	R4-2520995
	Qualcomm
	Observation 1: The additional 0.5 dB margin applied to Tests 1-1 and 1-2 under the Rel-19 channel model is also adequate for Tests 1-3 and 1-4. The observed performance degradation for these tests remains within the same bounds as previously agreed for Tests 1-1 and 1-2.
Proposal 1: Include Rel-17 Tests 1-3 and 1-4 in the Rel-19 test suite, applying the same 0.5 dB additional margin. These Rel-17 tests, i.e., Tests 1-3 and 1-4  under the Rel-19 channel model can be designated as Tests 1-7 and 1-8, respectively.
Proposal 2: For Rel-19 UEs, Tests 1-5, 1-6, 1-7, and 1-8 shall apply. 
Proposal 3: For Rel-17/18 UEs, the satellite motion-based time-varying channel model can be optionally applied to Tests 1-5, 1-6, 1-7, and 1-8, provided the channel model is available at the TE and RAN5 test framework permits the DUT to choose to do so.

	R4-2521224
	Ericsson
	Proposal 1: Add the following sentence in TS 38.101-5 A.4.1 and TS 36.102 A.3.1: “The ephemeris info shall be reset to the initial ephemeris info for each subtest.”
Proposal 2: Rel-19 NR NTN UE shall pass PDSCH demodulation requirements 1-3, 1-4, 2-1, and 2-2. Note the same applicability rule should be used for IoT-NTN UE demodulation requirements.
Proposal 3: If RAN4 will apply the PDSCH demodulation requirements with NGSO channel models to Rel-17/Rel-18 NTN UEs, Rel-19 tests (2-1 and 2-2) should be defined as release independent from earlier releases.

	R4-2521356
	Huawei, HiSilicon
	Proposal 1: Use different cell ID for each sub-test so that UE identify the disappeared satellite is different from the new one. RRC is Release after each sub-test running, and UE re-enters RRC Connect mode for a different cell id before each sub-test. The proposed test procedure is shown as following:
[…]
Proposal 2: For Rel-19 UE 
· The NGSO requirements with timing varying channel model should be applied
· If UE can pass the NGSO requirements with the timing varying new channel model, then it can skip the corresponding NGSO requirements with NTN-TDL defined in Rel-17/Rel-18. 
· All other test cases defined in Rel-17/18 that are only feasible for testing under NTN-TDL channel model are still applicable for Rel-19 UE.
· Applicable tests are 1-5, 1-6, 1-3 and 1-4
Observation 1: RAN4 needs to re-simulate all Rel-17/18 demodulation requirements with the timing varying channel model that will be very heavy workload for RAN4, with also consideration of the parallel discussion for NR Rel-19/Rel-20 and 6GR study for demodulation requirements. i.e. Rel-17/18 test 1-3 and 1-4 are not applicable for testing under NTN timing varying channel model 
Observation 2: The selected RF frequency error tests, RRM UL timing tests and limited number of demodulation test cases are enough to verify the UE’s pre-compensation on the frequency offset shift and timing offset shift under timing varying channel model as per the discussion on this WI.
Observation 3: There are commercial NTN UE finished Rel-17/18 NTN testing, it means that no technical feasibility issues to conduct the NGSO testing under NTN-TDL.
Proposal 3: For Rel-17/18 UE
· The NGSO requirements with timing varying channel model is not applicable
· Test 1-3 and 1-4 are not applicable for testing under NTN timing varying channel model without re-simulation to decide the additional margin
· Applicable tests are 1-1, 1-2, 1-3 and 1-4.

	R4-2521486
	Samsung
	Proposal 1: For a UE declaring Rel-19 UE, the applicable cases should be test cases 1-3, 1-4, 1-5 and 1-6.
Proposal 2: For a UE declaring Rel-17/18 UE, if UE declares to meet the requirements with time-varying Doppler shift and propagation delay, applicable tests are 1-5, 1-6.  Meanwhile, this UE still need to pass the test cases 1-3 and 1-4 pending on UE capability. Also, FFS on whether Rel-17/18 UE should not apply time-varying Doppler and propagation delay channel model, considering the impact of performance requirements should be further evaluated



Open issues summary
Sub-topic 2-1 Test applicability of NTN channel models (Common)
	Background
Objective of WID: RP-252076
NTN testing for NGSO 
· Specify the TE-emulated channel model with varying Doppler and delay shifts for NR-NTN and IoT-NTN in the FR1-NTN bands and the corresponding LTE bands 
· Match the satellite motion trajectory based on the ephemeris for NGSO (Non-Geostationary Orbit) scenarios 
· Inform RAN5 to assist specifying RF frequency error tests, if needed 
· Checking if the existing frequency error requirement, can be met under the TE-emulated channel model without intention of modifying the existing core requirement 
· Specify UE RRM performance test of uplink timing for NGSO for NR-NTN and IoT-NTN in the FR1-NTN bands and the corresponding LTE bands based on the above channel model 
· Checking if the existing RRM uplink timing requirements, can be met under the TE-emulated channel model without intention of modifying the existing core requirement 
· Specify UE demodulation performance requirement(s) of PDSCH for NGSO for NR-NTN and IoT-NTN in the FR1-NTN bands and the corresponding LTE bands based on the above channel model 
· Minimize the number of demodulation performance requirements 
· Specify the applicability of the tests under the TE-emulated channel model

WF for RRM (R4-2515055)
Issue 2-1-1: R19 UL timing tests and test requirement impact
Agreement
· Apply the new FR1-NTN channel model for R19 UL transmit timing test cases
· No impacts for the test procedure or test requirements; apply the following adaptation
· Change the “Propagation condition” from “AWGN” to “AWGN with time varying Doppler and delay shifts”
· Clarify that  in test requirements is calculated based on the generated UL channel with time varying Doppler and delay shifts.
· During the tests, UE position is needed to be added and set by AT command at the beginning of T1 or other suitable method. In successive time periods of different T, UE position should keep unchanged. The TE adds the NGSO channel model by itself.
· Do not add new additional margins in the test case. Test tolerance is left for RAN5
· FFS applicability of the timing advance test and its additional margin


Issue 2-2-1: Extend the applicability of the new channel model for the existing test cases
WayForward
· Further discuss the options. 
· Option 1: apply to only UL transmit timing test cases.
· Option 2: apply to all NTN FR1 RRM tests.
· Companies are encouraged to provide a more concrete analysis of the impact of RRM test cases.
Issue 2-3-1: Applicability of the new channel model for pre-Rel-19 NTN UEs
WayForward
· Further discuss the options
· Option 1: not apply to pre-Rel-19 test cases
· Option 2: apply to pre-Rel-19 test cases subject to DUT declaration

Issue 2-3-2: Applicability of pre-Rel-19 static NTN channel model
WayForward
This is pending due to Issue 2-2-1

WF for UE demodulation performance (R4-2515053)
In Rel-17 RAN4 defined four PDSCH demodulation requirements for NR NTN (1-1, 1-2, 1-3, and 1-4). 
In this WI, RAN4 has agreed to add 2 new test cases (1-5 and 1-6) by applying the time-varying Doppler shift and propagation delay model for NGSO to tests 1-1 and 1-2, as follows.
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	NTN-TDLA100-200
	1x2, ULA Low
	70
	0.3

	1-2
	R.PDSCH.1-2.1 FDD
	10 / 15
	16QAM, 0.48
	NTN-TDLC5-200
	1x2, ULA Low
	70
	7.6

	1-3
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	NTN-TDLC5-200
	1x2, ULA Low
	70
	-0.4

	1-4
	R.PDSCH.1-1.1 FDD(1)
	10 / 15
	QPSK, 0.30
	NTN-TDLA100-200
	1x2, ULA Low
	70
	1.1

	1-5
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	NTN-TDLA100-200
	1x2, ULA Low
	70
	[0.3+0.5]

	1-6
	R.PDSCH.1-2.1 FDD
	10 / 15
	16QAM, 0.48
	NTN-TDLC5-200
	1x2, ULA Low
	70
	[7.6+0.5]

	Note 1: The Maximum throughput is based on the HARQ processes with HARQ feedback enabled.
Note 2: For Tests 1-5 and 1-6, the time-varying Doppler shift and propagation delay model, specified in Annex E, is applied.



For UE declaring Rel-19 UE,
· Option 1
· Applicable tests are 1-5, 1-6, 1-3 and 1-4.
· Option 2
· Applicable tests are 1-5, 1-6.

For UE declaring Rel-17/18 UE,
· Option 1a:
· If UE declares to meet the requirements with time-varying Doppler shift and propagation delay, applicable tests are 1-5, 1-6, 1-3 and 1-4.
· Otherwise, applicable tests are 1-1, 1-2, 1-3 and 1-4.
· Option 1b:
· If UE declares to meet the requirements with time-varying Doppler shift and propagation delay, applicable tests are 1-5, 1-6.
· Otherwise, applicable tests are 1-1, 1-2, 1-3 and 1-4.
· Option 2:
· Applicable tests are 1-1, 1-2, 1-3 and 1-4.
Note the same test applicability rule is used for IoT-NTN UE demodulation requirements. 



Issue 2-1-1: Applicability of time-varying Doppler shift and propagation delay model (for Rel-19 UEs)
· Observations
· For RRM tests, 
· According to WID RP-241281, the scope is to specify UE RRM performance test of uplink timing in the FR1-NTN bands, and other RRM tests are not included (MediaTek).
· Applying dynamic channel model to all RRM cases would complicate the test procedure. For example, the test procedure needs to be revised to continuously update the SMTC/MG configurations during the test, and the update frequency and appropriate timing offset need to be further specified (MediaTek).
· The real complexity and the new design required for NGSO NTN support lie in performing parallel measurements on multiple satellites while maintaining continuous data reception and transmission with the serving satellite (Qualcomm).
· For UE demodulation tests, 
· Considering the test effort and test time, RAN4 down selects the basic cases. Other cases are still tested based on assumption of constant frequency offset and propagation delay (Samsung).
· RAN4 needs to re-simulate all Rel-17/18 demodulation requirements with the timing varying channel model that will be very heavy workload for RAN4 (Huawei)
· General:
· Engineering cost incurred due to two distinct test modes (one for test-mode-specific artificial operation and the other for real operation) is significant (Qualcomm).
· RAN plenary is also discussing whether to update the WID to include the time-varying Doppler shift and propagation delay model for all the existing test cases defined in Rel-17/18 (Samsung)
· Proposals
· Option 1:
· For RRM tests, apply to all the RRM tests for FR1-NTN bands (Nokia, Qualcomm).
· For UE demodulation tests, apply to all the UE demodulation tests specified in TS 38.101-5 and TS 36.102 (Qualcomm).
· Option 2:
· For RRM tests, apply only to the uplink timing in the FR1-NTN bands (MediaTek, Samsung).
· For UE demodulation tests, apply only to the selected tests, that is, 2 of 4 tests in TS 38.101-5, 2 of 3 tests for Cat-M in TS 36.102, and 1 of 2 tests for NB-IoT in TS 36.102 (MediaTek, Huawei, Samsung).
· Recommended WF
· RAN4 does not discuss whether to apply the time-varying Doppler shift and propagation delay model to FR2-NTN bands in Rel-19.
· Focus on the discussion of applicability of time-varying Doppler shift and propagation delay model for FR1-NTN bands. 
· Discss whether the same test applicability is used for both NR NTN and IoT-NTN, or different test applicability.
· Need discussion. 

Issue 2-1-2: Impact to RRM specification (if agreed to apply to all the RRM tests for FR1-NTN bands) 

· Proposals
· Add an extra 0.5 dB margin in the measurement accuracy test cases when the new channel model is introduced (Nokia).
· Clarification statements indicating that these test cases should be conducted using the satellite motion-based channel model specified in TS 38.101-5 will be added either in ‘A.3.36.2 Principle of testing different RRM requirements’ or at the beginning of ‘A.14 NR standalone tests for Satellite access’ (Qualcomm).
· For test cases that involve more than one satellite, one satellite’s orbit parameters can be a time-shifted version of the other, meaning the satellites share the same orbit with a certain time delay (Qualcomm).
· Recommended WF
· Depends on the conclusion of Issue 2-1-1.

Issue 2-1-3: Impact to UE demodulation specification (if agreed to apply to all the UE demodulation requirements for FR1-NTN bands).
· Proposals
· Define new tests 1-7 and 1-8 by adding 0.5dB to tests 1-3 and 1-4 as a margin. Applicable tests for Rel-19 UE are 1-5, 1-6, 1-7, and 1.8 (Qualcomm)
· RAN4 should investigate how to perform the NB-IoT test by requiring large repetition by applying the time-varying doppler and propagation delay channel model if agreed to apply to all the test cases. (Samsung).

· Recommended WF
· Moderator: The current time-varying Doppler shift and propagation delay models for LEO-600 cannot be applied for Cat-M1 CE Mode B and NB-IoT deep coverage tests, because these tests require more than 250 seconds which is the time covered by one satellite whose elevation angle is more than 30 degrees. 
· Depends on the conclusion of Issue 2-1-1.

Issue 2-1-4: Applicability of time-varying Doppler shift and propagation delay model (for pre-Rel-19 UEs)
Note this is applicable for both NR NTN and IoT-NTN, unless stated otherwise.
· Proposals
· Option 1:
· For RRM tests, apply to pre-Rel-19 UEs, provided the channel model is available at the TE and RAN5 test framework permits the DUT to declare to apply (Qualcomm. Nokia).
· For UE demodulation tests, apply to pre-Rel-19 UEs, provided the channel model is available at the TE and RAN5 test framework permits the DUT to declare to apply (Qualcomm, Samsung).
· Option 2:
· For RRM tests, not apply to pre-Rel-19 UEs (MediaTek).
· For UE demodulation tests, not apply to pre-Rel-19 UEs (MediaTek, Huawei). 
· Recommended WF
· Depends on the conclusion of Issue 2-1-1.


Issue 2-1-5: Send LS to RAN5
· Proposals (Qualcomm)
· Send an LS to RAN5 when RAN4 agrees to apply the time-varying Doppler shift and propagation model for NGSO to all the RRM and UE demodulation tests for FR1-NTN.  
· Recommended WF
· Depending on the conclusion of Issue 2-1-1.

Topic #3: UE demodulation performance (AI 6.6.3.3)
Companies’ contributions summary
See 2.1.
Open issues summary
Sub-topic 3-1 UE demodulation requirements
Issue 3-1-1: How to ensure the satellite elevation angles more than 30 degrees during the test
Background:
	Interested companies are encouraged to study how TE ensures to apply the same Doppler shift and propagation delay model for each subtest. FFS how to capture in the specification.
· Option 1: For each subtest, TE should start from the same initial ephemeris information (i.e., positionX, positionY, positionZ, velocityVX, velocityVY, velocityVZ) = (-2654249, 4386991, 1594205, 14581, -34487, 120182).



· Proposals
· Use different cell ID for each sub-test so that UE identify the disappeared satellite is different from the new one. RRC is Release after each sub-test running, and UE re-enters RRC Connect mode for a different cell id before each sub-test. The proposed test procedure is shown as following. (Huawei)
· Add the following sentence in TS 38.101-5 A.4.1 and TS 36.102 A.3.1: “The ephemeris info shall be reset to the initial ephemeris info for each subtest.” (Ericsson)
· Recommended WF
· Need discussion.
· Moderator: Need to clarify first what should be specified in RAN4 requirements. 

Issue 3-1-2: Draft CRs for UE demodulation requirements
· Recommended WF
· Collect comments, and revise if necessary.

	Topic
	Tdoc number
	Source
	Moderator’s comments

	Draft big CR on NTN NGSO channel model for TS 38.101-5
	R4-2521488
	Samsung
	To be revised further, e.g., remove [].

	Draft big CR on NTN NGSO channel model for TS 38.102
	R4-2521489
	Samsung
	To be revised further, e.g., remove []. 

	Draft CR To TS 38.102
	R4-2521225
	Ericsson
	To be Noted. 
Revise the draft big CR R4-2521489




