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1	Introduction
RAN4#106 agreed with the way forward on SAN demodulation requirements for IoT over NTN [1], and agreed with the initial simulation assumption. This contribution discusses the remaining open issues according to our initial simulation results [2].
2	Transmit timing drift and Doppler shift drift
2.1	Transmit timing drift
	· For additional transmit timing offset modeling
· Option 1: gradual offset accumulation is considered for all Tx duration period in one segment.
· Option 2: Only consider the largest accumulated offset for all Tx duration period in one segment.
· For additional transmit timing offset applied physical channel
· Option 1: only for NPRACH and PRACH
· Option 2: for NPUSCH, PUSCH, PUCCH, NPRACH, and PRACH



RAN4#106 agreed to apply the additional transmit timing, however we have not concluded the transmit timing offset is applied to which physical channel(s), and if applied, what is the drift value. According to [3], the relative speed of LEO-600 with respect to earth is 7.56km/s (Table 7.1-1 in [3]), which corresponds to the time offset of 0.025us/ms. If we assume SAN sets the symbol start timing at the first subframe of repeated transmission (segment) (t0 in Figure 1 (a)), according to the LTE physical layer design, the start timing at the last subframe of the segment (t0 + toffset + DS) should be still within the cyclic prefix (CP) (Figure 1 (b)), to avoid inter-symbol interference (ISI), that is, (t0+Toffset+DS) < CP.


[bookmark: _Ref131172251]Figure 1	Allowed transmitting time offset.
	
Table 1, Table 2, and Table 3 is the maximum allowed transmit time offset (Δt = (CP – DS) / Tx period) for eMTC, NPUSCH formats 1 and 2, and NPRACH, respectively, where we considered DS=100ns, derived from NTN-TDLA100. According to the tables, the transmitting time offsets of PUSCH CE Mode B and NPUSCH format 1 3.75kHz may cause ISI if we set Δt=0.025us/ms. However, since SAN can control the number of RUs and repetition numbers per UE to avoid ISI, we propose to set Δt=0.01us/ms for all the cases, this value ensures (t0+Toffset+DS) < CP even if NPUSCH 3.75kHz single tone 16 repetitions. 
[bookmark: _Ref131174286]Table 1	Transmitting time offset for eMTC. 
	Physical channel
	CP (us)
	Tx duration (ms) per repetition
	Number of repetitions
	Delay spread (ns)
	Max Δt (us/ms)

	PUSCH CE Mode A
	4.7
	1
	1
	100
	4.6

	PUSCH CE Mode A
	4.7
	1
	8
	100
	0.58

	PUSCH CE Mode B
	4.7
	1
	256
	100
	0.02

	PUCCH format 1a
	4.7
	1
	8
	100
	0.58

	PRACH BF0
	103
	1
	8
	100
	12.86

	PRACH BF1
	684
	1
	8
	100
	85.49

	PRACH BF2
	203
	2
	16
	100
	6.34

	PRACH BF3
	684
	3
	16
	100
	12.25



[bookmark: _Ref131174288]Table 2	Transmitting time offset for NPUSCH formats 1 and 2. 
	Physical channel
	CP (us)
	Tx duration (ms) per RU
	Number of RUs
	Number of repetitions
	Delay spread (ns)
	Max Δt (us/ms)

	NPUSCH format 1, 3.75kHz
	8.33
	32
	2
	16
	100
	0.01

	NPUSCH format 1, 15kHz
	4.7
	1
	1
	16
	100
	0.29

	NPUSCH format 2, 3.75kHz
	8.33
	8
	1
	16
	100
	0.06

	NPUSCH format 2, 15kHz
	4.7
	2
	1
	16
	100
	0.14



[bookmark: _Ref131174290]Table 3	Transmitting time offset for NPRACH. 
	Physical channel
	CP (us)
	Tx duration per symbol group (ms)
	Number of symbol groups (P)
	Number of repetitions
	Delay spread (ns)
	Max Δt (us/ms)

	NPRACH PF0
	66.7
	1.4
	4
	8
	100
	1.49

	NPRACH PF0
	66.7
	1.4
	4
	32
	100
	0.37

	NPRACH PF1
	266.7
	1.6
	4
	8
	100
	5.21

	NPRACH PF1
	266.7
	1.6
	4
	32
	100
	1.30



Proposal 1: Set the transmitting timing drift to Δt=0.01us/ms.
Regarding the applied physical channels, from the physical channel design, PRACH/NPRACH are used for random access and timing advance estimation. This means PRACH/NPRACH have much larger CP compared with other data/control channels and therefore it is robust for transmit timing offsets. Moreover the exiting PRACH/NPRACH preamble detection tests have already applied the time offset with 0.1us for PRACH and 0.5Ts for NPRACH, as specified in TS36.141. We therefore propose to exclude PRACH/NPRACH to apply the additional transmitting timing drift.
Proposal 2: Apply the additional transmitting timing drift to PUSCH, PUCCH, NPUSCH format 1 and NPUSCH format 2.
2.2	Doppler shift drift
	· For additional Doppler shift offset modeling
· Option 1: gradual offset accumulation is considered for all Tx duration period in one segment.
· Option 2: Only consider the largest accumulated offset for all Tx duration period in one segment.
· For additional Doppler offset applied physical channel
· Option 1: only for NPUSCH format 1 and PUSCH
· Option 2: for NPUSCH, PUSCH, PUCCH, NPRACH, and PRACH



RAN4#106 also agreed to apply the additional Doppler shift drift, however we have not concluded the Doppler shift drift is applied which physical channel(s), and if applied, what is the drift value. According to [3], the maximum Doppler shift variation of LEO-600 with respect to earth is 0.27ppm/s (Table 4.2-2 in [3]), which corresponds to the Doppler offset drift of 0.54Hz/ms at 2GHz carrier frequency.
Proposal 3: Set the frequency offset drift to Δf=0.54Hz/ms.
According to TS36.102 6.4A.1 and 6.4B.1, in our understanding, Cat-M1/NB-IoT UE capable of NTN should keep the UL frequency error within 200Hz during the repeated transmission period (or segment). On the other hand, the existing PRACH and NPRACH requirements set the frequency offsets of 270Hz and 200Hz, respectively, considering the UL frequency error of 200Hz from the UE. This means the existing PRACH/NPRACH requirements have already considered the maximum Doppler offset. We don’t think RAN4 need to add more Doppler offset for PRACH/NPRACH preamble detection requirements. 
Proposal 4: Apply the additional Doppler shift drift to PUSCH, PUCCH, NPUSCH format 1 and NPUSCH format 2.
3	SAN demodulation requirements for NB-IoT
3.1	Propagation channel model
The remaining open issue of the SAN demodulation requirements for NB-IoT is the applied propagation channel model. According to our simulation results [2], 99% of the NPRACH preamble detection success rate CANNOT be achieved in the case of NTN-TDLA100-200. We therefore propose to exclude NTN-TDLA100-200 from the NPRACH preamble detection requirements. 
Observation 1: 99% of the NPRACH preamble detection success rate cannot be achieved in the case of NTN-TDLA100-200.

Since the existing NB-IoT BS demodulation requirements in TS36.104 are set with ETU 1Hz or EPA 5Hz, and we apply the additional Doppler shift drifting, we think it is enough to set the maximum Doppler frequency to 1Hz in the propagation channel model.
For NPRACH, according to our simulation results [2], the required SNR for NTN-TDLA100-1 is very high compared with NTN-TDLC5-1. In the UE demodulation requirements, RAN4 agreed to set LOS channel model (i.e., NTN-TDLC5) for the normal coverage case (smaller repetition case) and NLOS channel model (i.e., NTN-TDLA100) for the deep coverage case (larger repetition case) [4]. We therefore propose to set NTN-TDLC5-1 for 8 repetition case and NTN-TDLA100-1 for 32 repetition case. 
Proposal 5: Set NTN-TDLC5-1 for NPRACH test cases with 8 repetitions.
Proposal 6: Set NTN-TDLA100-1 for NPRACH test cases with 32 repetitions.
For NPUSCH demodulation requirements, RAN4 agreed to set the same propagation channel for NPUSCH format 2 and NPRACH fading scenario [1]. However, we think NPUSCH format 1 should also apply the same propagation channel model from the test condition consistency. In our understanding the single tone is mainly used for the deep coverage to minimize the impact from the thermal noise. With the same reason as NPRACH, we propose to apply NTN-TDLA100-1 for 3.75kHz cases and NTN-TDLC5-1 for 15kHz cases.
Proposal 7: Set NTN-TDLC5-1 for SCS=15kHz NPUSCH format 1 and 2 tests.
Proposal 8: Set NTN-TDLA100-1 for SCS=3.75kHz NPUSCH format 1 and 2 tests.
4	SAN demodulation requirements for eMTC
4.1	Repetition number for PUSCH
One of the open issues of the PUSCH demodulation requirements is whether to define no repetition case or not. Our original intention was to ensure the fundamental PUSCH demodulation performance for SAN. However, we think it is also possible to ensure the performance even with 8 repetitions. We therefore propose to define 8 repetition case only for PUSCH CE Mode A demodulation requirements.  
Proposal 9: For PUSCH CE Mode A demodulation requirements, define 8 repetition case only.
4.2	Propagation channel model
The remaining open issue of the SAN demodulation requirements for eMTC is the applied propagation channel model. As we discussed in NB-IoT, higher Doppler frequency (i.e., 200Hz) is not suitable for NB-IoT UL channels. We believe the eMTC UL channels are more robust for higher Doppler frequency compared with NB-IoT, but we prefer to set the lower Doppler frequency. With the same reason of NB-IoT, we propose to set LOS channel model (i.e., NTN-TDLC5) for CE Mode A scenario (or smaller repetition cases) and NLOS channel model (i.e., NTN-TDLA100) for CE Mode B scenario (or larger repetition cases). 
Proposal 10: Set NTN-TDLC5-5 for PUSCH CE Mode A tests, and NTN-TDLA100-5 for PUSCH CE Mode B tests.
Proposal 11: Set NTN-TDLC5-5 for PRACH 8 repetition tests (BF0 and BF1), and NTN-TDLA100-5 for PRACH 16 repetition tests (BF2 and BF3).
For PUCCH format 1a tests, according to our simulation results [2], the required SNR levels with NTN-TDLA100-5 and with NTN-TDLC5-5 are -5.4dB and -10.2dB for 1Rx, respectively. This means the required SNR test points are close to PUSCH CE Mode A tests. Considering the consistency between PUSCH and PUCCH format 1a tests, we propose to set NTN-TDLC5-5 for PUCCH format 1a.
Proposal 12: Set NTN-TDLC5-5 for PUCCH format 1a tests.
5	Radiated performance requirements 
RAN4#106 had not enough time to discuss the SAN radiated performance requirements for eMTC/NB-IoT. When RAN4 first discussed BS demodulation requirements for eMTC/NB-IoT in Rel-13, TS36.104 only assumed the conducted requirements. When RAN4 introduced AAS-type BS, RAN4 defined the radiated performance requirements in TS37.105 by referring to TS36.104. Since RAN4 RF core part has already agreed to define the radiated transmitter/receiver characteristics requirements for SAN in TS36.108, we need to define the radiated performance requirements in TS36.108. 
Although the radiated transmitter/receiver characteristics requirements specify the requirements for both SAN type 1-H and SAN type 1-O, we think it is sufficient to define the radiated performance requirements for SAN type 1-O only as same as NTN SAN demodulation requirements (cf. TS38.108 Clause 11). 
Proposal 13: Specify the SAN type 1-O radiated demodulation performance requirements for both NB-IoT and eMTC, by reusing the conducted performance requirements. 
6	Summary
Proposal 1: Set the transmitting timing drift to Δt=0.01us/ms.
Proposal 2: Apply the additional transmitting timing drift to PUSCH, PUCCH, NPUSCH format 1 and NPUSCH format 2.
Proposal 3: Set the frequency offset drift to Δf=0.54Hz/ms.
Proposal 4: Apply the additional Doppler shift drift to PUSCH, PUCCH, NPUSCH format 1 and NPUSCH format 2.
Observation 1: 99% of the NPRACH preamble detection success rate cannot be achieved in the case of NTN-TDLA100-200.
Proposal 5: Set NTN-TDLC5-1 for NPRACH test cases with 8 repetitions.
Proposal 6: Set NTN-TDLA100-1 for NPRACH test cases with 32 repetitions.
Proposal 7: Set NTN-TDLC5-1 for SCS=15kHz NPUSCH format 1 and 2 tests.
Proposal 8: Set NTN-TDLA100-1 for SCS=3.75kHz NPUSCH format 1 and 2 tests.
Proposal 9: For PUSCH CE Mode A demodulation requirements, define 8 repetition case only.
Proposal 10: Set NTN-TDLC5-5 for PUSCH CE Mode A tests, and NTN-TDLA100-5 for PUSCH CE Mode B tests.
Proposal 11: Set NTN-TDLC5-5 for PRACH 8 repetition tests (BF0 and BF1), and NTN-TDLA100-5 for PRACH 16 repetition tests (BF2 and BF3).
Proposal 12: Set NTN-TDLC5-5 for PUCCH format 1a tests.
Proposal 13: Specify the SAN type 1-O radiated demodulation performance requirements for both NB-IoT and eMTC, by reusing the conducted performance requirements. 
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