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1. Introduction
In the previous RAN4 meeting, the performance part of eMTC and NB-IoT for NTN was discussed based on revised WID[1]. The related agreement for test scope and test setup for UE demodulation was captured into the WF [2]. According to the meeting schedule, RAN4 will start the discussion on SAN demodulation requirements from this meeting.
In this contribution, the view on test scope of SAN demodulation requirement on eMTC and NB-IoT for NTN is provided.
2	Discussion
2.1	Test scope of eMTC and NB-IoT for NTN
IoT NTN scenarios
For NB-IoT, different operation mode can be supported as standalone, guard-band and in-band. From the BS demodulation performance, there is no difference processing foreseen. Meanwhile, according to the indication in TR 36.763 for IoT scenario and WID as
	· Prioritize standalone deployment for NB-IoT / eMTC for support in Rel-17 timeframe
· Standalone deployment for NB-IoT / eMTC (i.e. operating in carrier(s) used only for NB-IoT NTN (resp. eMTC NTN)) for support in Rel-17 timeframe will be prioritized. 



Meanwhile, as agreed in the WF for UE demodulation requirement for eMTC/NB-IoT over NTN, only consider standalone deployment to define requirements for NB-IoT over NTN.
Proposal 1: Only standalone deployment considered for NB-IoT demodulation requirement. The requirement can be applicable for other mode for BS demodulation requirements 
Applicable of test cases 
In LTE eMTC/NB-IoT from Rel-13, RAN4 has specified the following requirements based on RAN1 features    
	· eMTC BS demodulation requirement specified in RAN4 
· CE mode A and B for PUSCH in Rel-13/14
· ACK missed detection requirements for single user PUCCH format 1a in Rel-13
· CQI performance requirements for PUCCH format 2
· Sub-PRB (only 12 tone) for PUSCH in Rel-15
· PRACH requirement for coverage enhancement in Rel-13/14
· NB-IoT BS demodulation requirement specified in RAN4 
· Format1 and format 2 with single tone and multiple tones for NPUSCH1/2 in Rel-13/14
· Format 0/1 in FDD for NPRACH in Rel-13
· Format 2 in FDD for NPRACH in Rel-15
· Format 0/1/0-a/1-a in TDD for NPRACH in Rel-15
· Multi-TB for NPUSCH 1 in Rel-16
· Single TB with UL 16QAM for NPUSCH 1 in Rel-17



According to RAN1 design, all cellular IoT features specified up to Rel-16 are supported for IoT NTN. As indicated in the WID as
	· NOTE: Rel-17 IoT NTN specifications do not cover non-NTN NB-IoT/eMTC functionality defined later than Rel-16



Meanwhile, as indicated in the WID for core requirement
	· The specification work of this WI shall
· Be limited to FDD requirements applicable for NB1/NB2 and Cat-M1 UE
· Re-use the framework and requirements for NB-IoT/eMTC, as well as NR NTN requirements, where applicable



Compared with LTE IoT, GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Therefore, with UE pre-compensation operation, from the baseband processing point of view, there is no any enhancement for IoT NTN compared with LTE IoT. Meanwhile, considering the limited schedule for this WI, we prefer to focus on the basic Rel-13 feature of IoT to define SAN requirement for IoT over NTN verification.
Regarding the MPUCCH and NPUSCH2 for eMTC and NB-IoT, since there is no algorithm enhancement, also they are not the bottleneck of UL transmission. Therefore, to reduce the test effort, we prefer to focus on PUSCH and NPUSCH format1 requirement to verify SAN requirement under NTN channel condition. As for MPRACH and NPRACH requirement, we are open to further discussion whether they are needed to check the impact of the residual frequency offset after UE pre-compensation of satellite Doppler shift.
Proposal 2: RAN4 only consider the basic feature of Rel-13 eMTC and NB-IoT for NTN SAN requirement definition  
· No new PUCCH requirements for eMTC over NTN
· No new NPUSCH format 2 requirement for NB-IoT
· FFS on new MPRACH requirements for eMTC over NTN
· FFS on new NPRACH requirements for NB-IoT over NTN

Compared with NR NTN, the time and frequency synchronization enhancements for long PUSCH and PRACH transmission was investigated in IoT over NTN, where uplink segmented transmission is supported for uplink transmission with repetitions. The UE shall apply UE pre-compensation per segment of UL transmission of PUSCH/PUCCH/PRACH for BL UEs and UEs in enhanced coverage and NPUSCH/NPRACH for NB-IoT from one segment to the next segment, where the pre-compensation does not vary within a block of N time units. The configuration of uplink transmission segment is indicated on SIB for initial access and can be re-configured by RRC signalling.
Similar as NR NTN, the UE pre-compensation is not verified. Therefore, for each uplink segmented transmission, there is no algorithm enhancement compared with LTE IoT transmission with repetitions. 
Proposal 3: No MPUSCH/NPUSCH/MPRACH/NPRACH requirement for Uplink segmented transmission with multiple segments. Only define requirements with one segment

Meanwhile, as indicated in RAN1, the UL Segmented transmission NPRACH/NPUSCH for NB-IoT is not supported in GEO based on UE feature. Therefore, no requirement will be specified for UL Segmented transmission NPRACH/NPUSCH for NB-IoT for GEO scenario.
Proposal 4: No NPUSCH/NPRACH requirement for Uplink segmented transmission in GEO scenario.

CE mode for eMTC
In LTE IoT, both CE mode A and mode B can be supported, where up to 32 repetitions for CE mode A, and up to 2048 repetitions for CE mode B.  To support long UL transmission on PUSCH and PRACH, UE will apply segmented pre-compensation. For each segment, the duration is the number of PUSCH repetition units configured by the network.  
As agreed in RAN1, the segment duration can be indicted with K=8 values for eMTC
· Full-PRB allocation (unit: subframes): 2 4 8 16 32 64 128 256
· Sub-PRB allocation (unit: resource units): 1 2 4 8 16 32 64 128

As observed, with CE mode B, if large repetition configured, it may result in phase discontinuity at subframe boundary when applying new pre-compensation. Therefore, we prefer to not define eMTC PUSCH requirement with CE mode B. 
Proposal 5: No MPUSCH requirements with CE mode B

2.2	Test setup of eMTC and NB-IoT for NTN
Channel Model
In Rel-17 NR NTN, RAN4 introduce two channel models for SAN requirement as
	· NTN-TDL-A with delay spread 30ns
· NTN TDL-C with delay spread 5ns



For Cat-M1/NB1/NB2 UE, it will connect to same type of satellites discussed in NR NTN WI. Then, the same channel model can be applied for IoT UE. 
As for value of doppler spread, in LTE 36.104 spec, RAN4 consider the low Doppler spread value for BS demodulation requirement definition as following
	· 5Hz for CE mode A and 1Hz for CE mode B 
· 200Hz for CE mode A to support high mobility in Rel-15
· 1Hz for NB1/NB2 UE in NPUSCH format 1
· 5Hz for NB1/NB2 UE in NPUSCH format 2



Considering the typical use cases of IoT, low doppler frequency shall be considered, although up to 120km can be supported for IoT UE motion on the earth specified in RAN1. Therefore, we prefer to apply the same doppler frequency value for SAN demodulation definition, instead of 200 Hz.  
Proposal 6: RAN4 apply the following channel model for requirement definition of SAN demodulation requirement as starting point
	· NTN-TDLA100-5Hz for CE mode A cat.1 UE
· NTN-TDLC100-5Hz for CE mode A cat 1 UE
· NTN_TDLA100-1Hz for NB1/NB2 UE for NPUSCH1
· NTN_TDLC100-1Hz for NB1/NB2 UE for NPUSCH1



Antenna configuration
In LTE, only 2Rx antenna configuration is considered for eMTC/NB-IoT BS demodulation. In NR NTN WI, RAN4 introduced SAN requirements with both 1Rx and 2Rx with test applicability rule, which are aligned with satellite configuration. 
For IoT coverage aspect, 2Rx can be benefit with considering diversity gain achieved. Therefore, we prefer to apply 2Rx for SAN demodulation requirement for IoT UE with reducing test effort. Regarding the 1Rx antenna configuration, we are open to further discuss whether it should be specified together.
Proposal 7: RAN4 consider 2Rx for requirement definition of SAN demodulation requirement, FFS on 1Rx

Channel band for eMTC and Number of tones for NB-IoT
According to RAN1 agreement, the following channel bandwidth for NB-IoT and eMTC was included in IoT NTN scenario
	· NB-IoT 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz (UL)
· eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations, including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz (UL)



Since our preference is to define limited test cases based on Rel-13 IOT feature for NTN, we suggest only considering 6RB for eMTC PUSCH requirement. 
Regarding NB-IoT NPUSCH format 1, we would like to consider 12 tones with 15KHz only for requirement definition to reduce the test effort.  
Proposal 8: RAN4 consider the following channel bandwidth for SAN requirement for IoT over NTN
· eMTC PUSCH: 6RB
· NB-IoT NPUSCH1: 12 tones 

Configured duration of UL transmission segment for UE pre-compensation 
As agreed in RAN1
	Duration of UL transmission segment for UE pre-compensation for PRACH transmission is a number of RACH repetition units configured by the network
· For NB-IoT, repetition unit is P symbol groups.
· For eMTC, repetition unit is one preamble including guard period. 
Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units configured by the network
· For NB-IoT, repetition unit is  
· For eMTC, repetition unit is   for sub-PRB allocation, where Tslot = 0.5 ms. For full-PRB allocation, repetition unit is one subframe.

UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
       1. UE may drop / Insert samples / Puncture OFDM symbols  
       2. UE may blank subframes / slots where UE skip a slot or a subframe



Since how to handle the UE pre-compensation from one segment to the next segment pending on UE implementation and UE capability, we prefer to configure the duration of UL transmission as the number of repetitions. 

Proposal 9: RAN4 configure the duration of UL transmission segment same as the number of repetitions
·  eMTC PUSCH CE mode A: 8
· NB-IoT NPUSCH1: 64
· FFS on NB-IoT NPUSCH: 1

Other 
For other parameters, the existed parameters can be reused for SAN requirement for IoT over NTN
Proposal 10: Existing parameters can be reused for SAN requirement for IoT over NTN as starting point.

3	Conclusion

In this contribution, the initial view on the test scope and test setup on SAN requirement for IoT over NTN was provided.
Proposal 1: Only standalone deployment considered for NB-IoT demodulation requirement. The requirement can be applicable for other mode for BS demodulation requirements 
Proposal 2: RAN4 only consider the basic feature of Rel-13 eMTC and NB-IoT for NTN SAN requirement definition  
· No new PUCCH requirements for eMTC over NTN
· No new NPUSCH format 2 requirement for NB-IoT
· FFS on new MPRACH requirements for eMTC over NTN
· FFS on new NPRACH requirements for NB-IoT over NTN

Proposal 3: No MPUSCH/NPUSCH/MPRACH/NPRACH requirement for Uplink segmented transmission with multiple segments. Only define requirements with one segment
Proposal 4: No NPUSCH/NPRACH requirement for Uplink segmented transmission in GEO scenario.
Proposal 5: No MPUSCH requirements with CE mode B
Proposal 6: RAN4 apply the following channel model for requirement definition of SAN demodulation requirement as starting point
	· NTN-TDLA100-5Hz for CE mode A cat.1 UE
· NTN-TDLC100-5Hz for CE mode A cat 1 UE
· NTN_TDLA100-1Hz for NB1/NB2 UE for NPUSCH1
· NTN_TDLC100-1Hz for NB1/NB2 UE for NPUSCH1



Proposal 7: RAN4 consider 2Rx for requirement definition of SAN demodulation requirement, FFS on 1Rx
Proposal 8: RAN4 consider the following channel bandwidth for SAN requirement for IoT over NTN
· eMTC PUSCH: 6RB
· NB-IoT NPUSCH1: 12 tones 

Proposal 9: RAN4 configure the duration of UL transmission segment same as the number of repetitions
·  eMTC PUSCH CE mode A: 8
· NB-IoT NPUSCH1: 64
· FFS on NB-IoT NPUSCH: 1

Proposal 10: Existing parameters can be reused for SAN requirement for IoT over NTN as starting point.
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