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Introduction
This summary covers the contributions submitted under the following agendas for IoT-NTN demodulation requirements.
· 10.5.1 General and work plan (work plan for IoT-NTN UE demodulation)
· 10.5.7 Demodulation requirements (TS36.102 skeleton for IoT-NTN UE demodulation)
· 10.5.7.1 UE demodulation requirements (PDSCH requirements for IoT-NTN)
Topic #1: Work plan
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300390
	MediaTek Inc., Huawei, HiSilicon
	Note: RAN4 had discussed the scope and simulation assumptions in RAN4#105 and the corresponding agreements were captured in [5]. 
1) 3GPP RAN4 #106 meeting (Feb., 2023)
· Approve work plan.
· Agree on simulation assumptions.
· Collect the initial simulation results.
· Agree on the skeleton for UE demodulation performance requirements in TS36.102 clause 8.
· Decide the CR work split.

2) 3GPP RAN4 #106-bis-e meeting (April, 2023)
· Update simulation assumptions if necessary.
· Collect the simulation results.
· Review the draft CR for TS36.102.

3) 3GPP RAN4 #107 meeting (May, 2023)
· Collect the simulation results. 
· Agree with the CR for TS36.102.



Open issues summary
Sub-topic 1-1: Work plan
Issue 1-1: Work plan for IoT-NTN UE demodulation requirements 
· Proposals
· Option 1: (MediaTek, Huawei)
1) 3GPP RAN4 #106 meeting (Feb., 2023)
· Approve work plan.
· Agree on simulation assumptions.
· Collect the initial simulation results.
· Agree on the skeleton for UE demodulation performance requirements in TS36.102 clause 8.
· Decide the CR work split.
2) 3GPP RAN4 #106-bis-e meeting (April, 2023)
· Update simulation assumptions if necessary.
· Collect the simulation results.
· Review the draft CR for TS36.102.
3) 3GPP RAN4 #107 meeting (May, 2023)
· Collect the simulation results. 
· Agree with the CR for TS36.102.
· Recommended WF
· Agree the work plan in Option 1.
Topic #2: TS38.102 skeleton for IoT-NTN UE demodulation
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300212
	MediaTek Inc.
	Observation 1: According the agreements in RAN4#105, RAN4 only define PDSCH requirements consider the following duplex mode:
· FDD and half-duplex FDD for Cat-M1
· half-duplex FDD for NB-IoT
Observation 2: The measure channels can be referred to TS36.101. If it is necessary to define new measure channels for Cat-M1, it can be defined in TS36.102 Annex A.
Observation 3: The propagation channels used to define IoT-NTN UE demodulation requirements can refer to Annex B in TS38.101-5.
Observation 4: If there are something new to be introduced for IoT-NTN related to “Downlink physical channels” and “Environmental conditions”, it can be captured in TS36.102 Annex C and D for “Downlink physical channels” and “Environmental conditions”. Otherwise, if it is necessary to mention something related to “Downlink physical channels” and “Environmental conditions” in Clause 8, it can directly refer to TS36.101 Annex C and Annex E.
Proposal 1: Adopt the specification skeleton in Table 1 to draft TS36.102 IoT-NTN UE demodulation requirements.



Open issues summary
Sub-topic 2-1: TS36.102 specification skeleton
Issue 2-1: TS36.102 specification skeleton for NTN IoT UE demodulation performance requirements
· Proposals
· Option 1 (MediaTek): 
Table 1. Specification skeleton for NTN IoT UE demodulation performance requirements
	Clause number
	Clause name
	Note

	8
	Demodulation Performance requirements
	

	8.1
	General
	Can add sub-clauses for applicability rules

	8.2
	Demodulation performance requirements for UE category M1
	

	8.2.1
	FDD and half-duplex FDD
	

	8.2.1.1
	PDSCH demodulation requirements
	Capture PDSCH requirements for Cat-M1 in this clause

	8.3
	Demodulation performance requirements for UE category NB1 and NB2
	

	8.3.1
	Half-duplex FDD
	

	8.3.1.1
	NPDSCH demodulation requirements
	

	8.3.1.1.1
	Minimum Requirements for Standalone
	Capture PDSCH requirements for NB-IoT in this clause

	Annex A (normative): 
	Measurement channels
	For Cat-M1 if necessary

	Annex B (informative)
	Change history
	Already defined in TS36.102 18.0.0

	Annex C
	Downlink physical channels
	If it is necessary to mention downlink physical channels in clause 8, it can directly refer to Annex C in TS36.101
(create new Annex C in TS36.102 if necessary)

	Annex D
	Environmental conditions
	If it is necessary to mention environmental conditions in clause 8, it can directly refer to Annex D in TS36.101
(create new Annex D in TS36.102 if necessary)



· Recommended WF
· Based on the Table 1 above, discuss the specification skeleton for IoT-NTN UE demodulation requirements in TS36.102

Topic #3: Demodulation requirements for IoT-NTN
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300057
	Nokia, Nokia Shanghai Bell
	Observation 1: Assuming the UL definitions of non-adjustment of timing and frequency within a segment of repetitions were made due to the limited processing capability of such devices, it should be expected that a similar condition is needed for DL.
Observation 2: The maximum residual doppler offset to a first transmission is 0.1 ppm.
Observation 3: For TN within 5G a typical speed for a UE moving at speed is typically considered to be 33.33 m/s (120 km/h). Whereas for NTN and LEO specifically the satellite velocity is 7500 m/s, as such there is residual doppler shift (non-compensated) across different segments. 
Proposal 1: Define whether the UE is expected to adjust DL frequency pre-compensation on the receiver end within a block of repetitions
Proposal 2: Assuming UE is not expected to adjust DL frequency pre-compensation on the receiver end within a block of repetitions, we propose to add additional frequency doppler shift offset for every subsequent repetition after the first.  FFS: On the value of the additional offset.
Proposal 3: Evaluate whether an offset in transmit timing needs to be applied to the subsequent repetitions.

	R4-2300213
	MediaTek Inc.
	Observation 1: Channel estimation length affects the NPDSCH demodulation performance.
Proposal 1: Set the channel estimation length to be 1ms in NPDSCH simulation assumptions.
Observation 2: SNR difference to achieve 70% normalized throughput is less than 1 dB between NTN-TDLC5-200 and NTN-TDLC5-30.
Proposal 2: Define NPDSCH requirements with propagation channel NTN-TDLC5-30 and NTN-TDLA100-10.

	R4-2300214
	MediaTek Inc.
	Summary of simulation results for IoT-NTN UE demodulation requirements

	R4-2301773
	Ericsson
	Proposal 1: Set X=200Hz for Cat-M1 PDSCH Test 2.
Proposal 2: Define new FRCs for Cat-M1 PDSCH demodulation requirements for NTN.
· Test 1: TM1, 3RB, 16QAM, Channel bits: 1656 bits, TBS: 744 bits (Effective CR: 0.46)
· Test 2: TM1, 6RB, QPSK, Channel bits: 1656 bits, TBS: 504 bits (Effective CR: 0.32)
· Test 3: TM1, 6RB, QPSK, Channel bits: 1656 bits, TBS: 152 bits (Effective CR: 0.10)
Observation 1: When PDSCH/MPDCCH are overlapped with PSS/SSS/PBCH for Cat-M1 UE (BL/CE UE), the overlapped PDSCH/MPDCCH symbols are punctured.
Observation 2: When PDSCH/MPDCCH are overlapped with PDSCH conveying SIB1-BR/SI during the repeated transmission for Cat-M1 UE (BL/CE UE), the PDSCH/MPDCCH transmission in the overlapped subframe is dropped.
Proposal 3: For Cat-M1 PDSCH test 1, PDSCH is scheduled in SF#3 and SF#4 in one radio frame. 
Observation 3: The effective repetition number of PDSCH demodulation test 2 is 7 due to the conflict with SI transmission. 
Proposal 4: For Cat-M1 PDSCH test 2, PDSCH is scheduled from SF#11 to SF#18 (8 repetitions) every 32ms. 
Observation 4: The effective repetition numbers PDSCH Test 3 is 58 and PDSCH symbols in 6 of 58 subframes are partially punctured due to the conflict with PSS/SSS/SI and several symbols are punctured due to the conflict with PSS/SSS/PBCH.
Proposal 5: For Cat-M1 PDSCH test 3, PDSCH is scheduled from SF#66 to SF#129 (64 repetitions) every 160ms. 
Observation 5: Cat-M1 PDSCH performance loss due to the overlapping with PSS/SSS/BPCH/SI is about 0.5dB. 
Proposal 6: RAN4 derive Cat-M1 PDSCH demodulation requirements for NTN from the simulation results without any dropping/puncturing assumption. When RAN4 sets the requirements, add extra margins considering the several PDSCH symbols are dropped/punctured by PSS/SSS/PBCH/SI. Set 0.5dB as extra margins for both tests 2 and 3. No extra margin is needed for test 1.
Proposal 7: Set X=200Hz for Cat-NB1/NB2 NPDSCH Test 1.
Proposal 8: Apply R.NB.6 FDD and R.NB.6-1 FDD for Cat-NB1/NB2 PDSCH demodulation requirements Test 1 and Test 2, respectively.

	R4-2301774
	Ericsson
	Simulation results of eMTC/NB-IoT UE demodulation requirements for NTN

	R4-2302193
	Huawei, HiSilicon
	1. For the no repetition case, using scheduling pattern as shown in Figure 2.1-1, there are no slots punctured or dropped for MPDCCH/PDSCH transmission within 10ms transmission periodic.
1. For the repetition number 8 case, using scheduling pattern as shown in Figure 2.1-2, during 160ms period, the punctured and dropped slot are shown in Table 2.1-2.
Table 2.1-2 Punctured and dropped slot during 160ms period for the repetition number 8 case
	Transmission period number within 160ms
	MPDCCH 
	PDSCH

	
	punctured
	dropped
	punctured
	dropped

	1
	1
	1
	2
	0

	2
	2
	0
	1
	1

	3
	2
	0
	2
	0

	4
	1
	1
	1
	0

	5
	2
	0
	3
	1



1. For the repetition number 64 case, using scheduling pattern as shown in Figure 2.1-3, during 160ms period, there is 12 slots punctured and 3 slots dropped for both MPDCCH and PDSCH transmission.
Use scheduling pattern illustrated in Figure 2.1-1, Figure 2.1-2 and Figure 2.1-3 for the no repetition, repetition number 8, repetition number 64 case respectively.

[image: ]
Figure 2.1-1 Illustration of the proposed scheduling pattern for the no repetition case
[image: ]
Figure 2.1-2 Illustration of the proposed scheduling pattern for the repetition number 8 case
[image: ]
Figure 2.1-3 Illustration of the proposed scheduling pattern for the repetition number 64 case
Define 200Hz Doppler shift for all cases if small Doppler spread value is defined.

	R4-2302194
	Huawei, HiSilicon
	Simulation results on UE demodulation requirements for LTE NTN IOT

	R4-2302351
	Qualcomm Incorporated
	Proposal 1: Proposed SNR numbers in Table 2.1 for alignment purpose 
Proposal 2: Repetition factor 64 shall be discussed for scenario in Table 2.2 for simulation purposes
Proposal 3: Proposed SNR numbers in Table 3.1 for alignment purpose



Open issues summary
Sub-topic 3-1: Simulation assumptions for Cat-M1 PDSCH requirements
Issue 3-2-1: Maximum Doppler frequency parameter for Cat-M1 PDSCH Test 2
· Proposals
· Option 1 (Ericsson, Huawei): 200Hz 
· Recommended WF
· Agree to define propagation condition for Cat-M1 PDSCH Test 2 with maximum Doppler frequency 200Hz

Issue 3-2-2: FRCs for Cat-M1 PDSCH demodulation requirements for NTN
· Proposals
· Option 1 (Ericsson): 
· Test 1: TM1, 3RB, 16QAM, Channel bits: 1656 bits, TBS: 744 bits (Effective CR: 0.46)
· Test 2: TM1, 6RB, QPSK, Channel bits: 1656 bits, TBS: 504 bits (Effective CR: 0.32)
· Test 3: TM1, 6RB, QPSK, Channel bits: 1656 bits, TBS: 152 bits (Effective CR: 0.10)
· Recommended WF
· TBA

Issue 3-2-3: DL scheduling for Cat-M1 PDSCH demodulation requirements
· Agreements in RAN4#105
· FFS the how many MPDCCH/PDSCH subframes are dropped/punctured by PSS/SSS/PBCH/SI, when MPDDCH/PDSCH uses repetitions.
· [bookmark: _Hlk127879323]Proposals
· Option 1: (Ericsson) Assume not to drop/puncture MPDCCH/PDSCH when MPDCCH/PDSCH subframe collides with PSS/SSS/PBCH/SI subframe. 
· For Cat-M1 PDSCH test 1, PDSCH is scheduled in SF#3 and SF#4 in one radio frame.
· For Cat-M1 PDSCH test 2, PDSCH is scheduled from SF#11 to SF#18 (8 repetitions) every 32ms.
· For Cat-M1 PDSCH test 3, PDSCH is scheduled from SF#66 to SF#129 (64 repetitions) every 160ms.
· When RAN4 sets the requirements, add extra margins considering the several PDSCH symbols are dropped/punctured by PSS/SSS/PBCH/SI. Set 0.5dB as extra margins for both tests 2 and 3. No extra margin is needed for test 1.
· Option 2: (Huawei) dropping/puncturing MPDCCH/PDSCH when MPDCCH/PDSCH subframe collides with PSS/SSS/PBCH/SI subframe 
· For Cat-M1 PDSCH test 1:
[image: ]
· For Cat-M1 PDSCH test 2:

[image: ]
· For Cat-M1 PDSCH test 3:
[image: ]
· Recommended WF
· Discuss whether it is feasible to assume not to drop/puncture MPDCCH/PDSCH when MPDCCH/PDSCH subframe collides with PSS/SSS/PBCH/SI subframe.

Sub-topic 3-2: Simulation assumptions for NB-IoT NPDSCH requirements
Issue 3-3-1: Assumption for channel estimation length in NPDSCH simulation 
· Proposals
· Option 1 (MediaTek): 1ms 
· Recommended WF
· TBA

Issue 3-3-2: Maximum Doppler frequency parameter for NB-IoT NPDSCH Test 1
· Proposals
· Option 1 (Ericsson, Huawei): 200Hz 
· Option 2 (MediaTek): 30Hz 
· Recommended WF
· TBA

Issue 3-3-3: Repetition factor for NB-IoT NPDSCH Test 2
· Proposals
· Option 1 (Ericsson, Huawei, MediaTek): 256 
· Option 2 (Qualcomm): 64
· Recommended WF
· TBA

Sub-topic 3-3: Others
Agreements in RAN4#105: 
· Do not consider Doppler shift for feeder link for DL
· Do not consider the frequency Drift
· Do not define sampling offset model
· The maximum Doppler shift is residual frequency offset, i.e., 0.1ppm.

Issue 3-1-1: Define whether the UE is expected to adjust DL frequency pre-compensation on the receiver end within a block of repetitions
· Proposals 
· Option 1 (Nokia): Yes 
· Recommended WF
· TBA

Issue 3-1-2: If UE is assumed not to adjust DL frequency pre-compensation within a block of repetitions, add additional frequency doppler shift offset for every subsequent repetition after the first (FFS the value of the additional offset.)
· Proposals
· Option 1 (Nokia): Yes 
· Recommended WF
· TBA

Issue 3-1-3: Evaluate whether an offset in UE receiving time needs to be applied to the subsequent repetitions.
· Proposals
· Option 1 (Nokia): Yes 
· Recommended WF
· TBA

Issue 3-1-4: RAN4 to discuss the frequency drift mode
· Proposals
· Option 1 (Qualcomm): Yes 
· Recommended WF
· TBA

Issue 3-1-5: Simulation results alignment
· [bookmark: _Hlk127972826]The simulation results are captured in the following link. Companies are encouraged to fill in or update the results.
· https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_106/Inbox/Drafts/%5B106%5D%5B329%5D%20IoT_NTN_Demod_Part1/simulation%20results/draft%20R4-2300214%20Summary%20of%20simulation%20results%20for%20IoT-NTN%20UE%20demodulation%20requirements.xlsx
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