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1	Introduction
RAN4#105 agreed with the way forward on NB-IoT/eMTC UE demodulation requirements for NTN [1]. 
This contribution discusses the remaining open issues based on our initial simulation results [2]. 
2	Discussion
2.1	Cat-M1 for NTN
2.1.1	Doppler frequency parameters
One of the open issues on Cat-M1 demodulation requirements for NTN is the maximum Doppler frequency parameter. Table 1 shows the test parameters for each test case according to the simulation assumption [1].
[bookmark: _Ref122619180]Table 1	Test parameters for PDSCH demodulation requirements
	Test number
	MCS
	PDSCH repetition
	Propagation condition

	1
	16QAM 1/2
	1
	NTN-TDLC5-30

	2
	QPSK 1/3
	8
	NTN-TDLA100-X
Option 1: X=200Hz
Option 2: X=10Hz

	3
	QPSK 1/10
	64
	NTN-TDLA100-10



Figure 1 shows our initial simulation results of Cat-M1 UE PDSCH demodulation and Table 2 compares the SNR (dB) to achieve 70% of the maximum throughput between option 1 and option 2 [2]. It is observed from the simulation results that the required SNR to achieve 70% of the maximum throughput for Test 2 option 1 (X=200Hz) is about 2dB higher than that for Test 2 option 2 (X=10Hz).
However, we think both the options can be feasible to define the requirements because the required SNR levels can meet the condition for CE Mode A (i.e., SNR > -6dB) if we consider impairment margin. As we discussed in RAN4#105, considering the maximum frequency error (0.1ppm for carrier frequency > 1GHz) and test coverage, we slight prefer Option 1 (X=200Hz), but we are also fine to set X=10Hz (Option 2). 
[image: ] 
[bookmark: _Ref122620909]Figure 1	Simulation results of Cat-M1 UE PDSCH demodulation.
[bookmark: _Ref122620916]Table 2	Summary of Cat-M1 UE PDSCH demodulation simulation results [2]
	Test case
	SNR (dB) to achieve 70% of maximum throughput

	Test 2 (Option 1, X=200Hz)
	-6.3

	Test 2 (Option 2, X=10Hz)
	-8.1



Proposal 1: Set X=200Hz for Cat-M1 PDSCH Test 2.

2.1.2	Channel bits and TBS
The simulation assumption [1] lists the reusing FRC tags from TS36.101, but it does not show the detailed values used for the PDSCH demodulation requirements. Unlike the existing FRCs (R.79/80/81 FDD) in TS36.101, IoT-NTN assumes TM1, and therefore the available PDSCH channel bits are slight increased as shown in Table 3 because of less CRS symbols or no DMRS symbols. However considering the agreed target code rate, we think we should keep the same TBS. 
[bookmark: _Ref122619184]Table 3	Proposed channel bits and TBS used for Cat-M1 UE demodulation requirements for NTN. 
	MCS
	Number of RBs
	Channel bits (bits)
	TBS (bits)

	16QAM 1/2
	3
	1656 (cf. R.79 FDD: 1584)
	744

	QPSK 1/3
	6
	1656 (cf. R.80 FDD: 1440)
	504

	QPSK 1/10
	6
	1656 (cf. R.81 FDD: 1584)
	152

	Note:	CFI=2, 1 CRS port, no DRMS


 
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)

2.1.3	DL Scheduling for Cat-M1 PDSCH demodulation requirements
Another open issue for Cat-M1 UE demodulation requirements for NTN is the DL scheduling pattern for Cat-M1 [1].
	Issue 1-3-2: MPDCCH/PDSCH scheduling
FFS the how many MPDCCH/PDSCH subframes are dropped/punctured by PSS/SSS/PBCH/SI, when MPDDCH/PDSCH uses repetitions.



RF part agreed to specify CBW=1.4MHz only for Cat-M1 for satellite access, and therefore the WF agreed to set CBW=1.4MHz (6RB) for PDSCH demodulation requirements [1]. Since the existing Cat-M1 UE demodulation requirements for TN assumes CBW=10MHz (50RB), we need to update FRC (or DL/UL scheduling) depending on the configuration because MPDCCH/PDSCH transmission is possibly overlapped with PSS/SSS/PBCH/SI transmission according to RAN1 specification. 
2.1.3.1	RAN1 procedures
RAN1 specifications clearly specify the eNB/UE behavior when MPDCCH/PDSCH transmissions are overlapped with PSS/SSS/PBCH/SI transmissions in TS36.211 and TS36.213 as follows. 
	TS38.211 6.4.1
-	Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of reference signals, shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.
TS38.211 6.8B.5
-	Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of reference signals, shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.



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.
	TS38.213 7.1.11
If PDSCH carrying SystemInformationBlockType1-BR is transmitted in one narrowband in subframe n+ki, a BL/CE UE shall assume any other PDSCH in the same narrowband in the subframe n+ki is dropped. If PDSCH carrying SI message is transmitted in one narrowband in subframe n+ki, a BL/CE UE shall assume any other PDSCH not carrying SystemInformationBlockType1-BR in the same narrowband in the subframe n+ki is dropped. 
TS36.213 9.1.5


If SystemInformationBlockType1-BR or SI message is transmitted in one narrowband in subframe , a BL/CE UE shall assume MPDCCH in the same narrowband in the subframe  is dropped.



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.
2.1.3.2	Proposed DL/UL scheduling for Cat-M1 PDSCH demodulation requirements
Figure 2 illustrates our DL/UL scheduling proposal for Test 1, where no MPDCCH/PDSCH repetitions apply for HD-FDD UE with K_offset=8ms. Note we assume one way propagation delay corresponds to a half of K_offset, that is, 4ms. In this scheduling, we assume PSS/SSS/PBCH are transmitted in SF#0 and PSS/SSS/SI are transmitted in SF#5. For this scenario, if we schedule MPDCCH in SF#1 and #2 every radio frame, it is possible to avoid to conflict in SF#0/SF#5.
Proposal 3: For Cat-M1 PDSCH test 1, PDSCH is scheduled in SF#3 and SF#4 in one radio frame. 
[image: ]
[bookmark: _Ref117858765]Figure 2	MPDCCH/PDSCH scheduling for Cat-M1 PDSCH demodulation test 1 (no repetitions).

Figure 3 illustrates our DL/UL scheduling proposal for Test 2, where MPDCCH/PDSCH is transmitted with 8 repetitions. In order to minimize the conflict with the overhead signals, we propose to transmit MPDCCH from SF#2 to SF#9, where the MPDCCH in SF#5 is dropped. Due to the cross-subframe scheduling, PDSCH is transmitted from SF#11 to SF#18, where the PDSCH in SF#15 is dropped. This means the effective MPDCCH/PDSCH repetition number is 7. 

[image: ]
[bookmark: _Ref117860368]Figure 3	MPDCCH/PDSCH scheduling for Cat-M1 PDSCH demodulation test 2 (8 repetitions).

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. 

Figure 4 illustrates our DL/UL scheduling proposal for Test 3, where MPDCCH/PDSCH is transmitted with 64 repetitions. In this proposal, MPDCCH is transmitted from SF#1 to SF#64, where several MPDCCH symbols are punctured by PSS/SSS/PBCH in subframes #10, #20, #30, #40, #50, and #60. Similarly MPDCCH is dropped in subframes #15, #25, #35, #45, #55, and #65. According to the cross-subframe scheduling, the corresponding PDSCH is transmitted from SF#66 to SF#129, where several PDSCH symbols are punctured by PSS/SSS/PBCH in subframes #70, #80, #90, #100, #110 and #120. PDSCH is also dropped in subframes #75, #85, #95, #105, #115, and #125. In summary, effective PDSCH repetition number is 58, and PDSCH symbols in 6 of 58 subframes are partially punctured. 
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[bookmark: _Ref117862250]Figure 4	MPDCCH/PDSCH scheduling for Cat-M1 PDSCH demodulation (64 repetitions).

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. 
2.1.3.3	Performance impact due to PDSCH dropping/puncturing
Considering the effective repetition numbers for Cat-M1 PDSCH tests 2 and 3, we have investigated the PDSCH demodulation performance impact due to the overlap with PSS/SSS/PBCH/SI transmission. Table 4 compares the SNR to achieve 70% of the maximum throughput between with and without PDSCH dropping/puncturing. In summary, Test 2 compares repetition numbers 8 and 7, and Test 3 compares repetition numbers 64 and 58.
The simulation results show the performance degradation due to the PDSCH dropping/puncturing is about 0.5dB for both test cases. Therefore we propose to add 0.5dB when RAN4 sets the PDSCH demodulation requirement tests 2 and 3.
[bookmark: _Ref122640694]Table 4	Summary of performance loss due to PDSCH dropping/puncturing
	
	SNR (dB) to achieve 70% of max throughput without dropping/puncturing
	SNR (dB) to achieve 70% of max throughput with dropping/puncturing
	Performance loss (dB) (Required margin)

	Test 2 Option 1
	-6.3
	-6.0
	0.3

	Test 2 Option 2
	-8.1
	-7.5
	0.6

	Test 3
	-17.8
	-17.3
	0.5



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.
2.2	Cat-NB1/NB2 for NTN
2.2.1	Doppler frequency parameters
[bookmark: _Ref122622012]As same as Cat-M1 UE demodulation requirements, one remaining open issue for Cat-NB1/NB2 demodulation requirements for NTN is the maximum Doppler frequency parameter. Table 5 shows the test parameters for each test case according to the simulation assumption [1]. 
[bookmark: _Ref122622017]Table 5	Test parameters for NPDSCH demodulation requirements.
	Test number
	MCS
	PDSCH repetition
	Propagation condition
	Carrier type

	1
	QPSK 1/2
	32
	NTN-TDLC5-X
Option 1: X=200Hz
Option 2: X=30Hz
	Anchor

	2
	QPSK 1/3
	256
	NTN-TDLA100-10
	Non-anchor



Figure 5 shows our ideal simulation results of Cat-NB1/NB2 UE NPDSCH demodulation and Table 6 summarizes the SNR (dB) to achieve 70% of the maximum throughput. It is observed from the simulation results that the required SNR to achieve 70% of the maximum throughput for Test 1 Option 1 (X=200Hz) is about 2.5dB higher than that for Test 1 Option 2 (X=30Hz). 
We think both the results can meet the SNR levels for NB-IoT small coverage (i.e., SNR > -6dB) if we consider impairment margin. As we discussed in RAN4#105, considering the maximum frequency error (0.1ppm for carrier frequency > 1GHz) and test coverage, we slight prefer Option 1 (X=200Hz) as same as Cat-M1 PDSCH requirements, but we are also fine to set X=30Hz (Option 2). 

[image: ]
[bookmark: _Ref122622992][bookmark: _Ref122622960]Figure 5	Simulation results of Cat-NB1/NB2 UE NPDSCH demodulation.
[bookmark: _Ref122622970]Table 6	Summary of Cat-NB1/NB2 UE NPDSCH demodulation simulation results
	Test case
	SNR (dB) to achieve 70% of maximum throughput

	Test 1 (Option 1, X=200Hz)
	-4.1

	Test 1 (Option 2, X=30Hz)
	-6.6

	Test 2
	-14.8



Proposal 7: Set X=200Hz for Cat-NB1/NB2 NPDSCH Test 1.

2.2.2	Channel bits and TBS
After reviewing the FRCs referred by the simulation assumption for Cat-NB1/NB2 [1], we have confirmed the existing R.NB.6 FDD and R.NB.6-1 FDD can be used for Cat-NB1/NB2 PDSCH demodulation requirements for NTN without updates. 
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.
4	Summary
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.
References
[1] [bookmark: _Ref113992608][bookmark: _Ref114067172][bookmark: _Ref122623797]R4-2220278, “WF on IoT-NTN UE demodulation and CQI reporting requirements”, MediaTek. 
[2] [bookmark: _Ref124515069]R4-2301774, “Simulation results of eMTC/NB-IoT UE demodulation requirements for NTN”, Ericsson.
3

image2.wmf
k


oleObject1.bin

image3.wmf
k


oleObject2.bin

image4.emf
PSS/SSS/PBCH PSS/SSS/SIB

SAN DL transmission 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

delay from eNB to UE: 4ms

SAN UL reception 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

MPDCCH (no rep) delay from UE to eNB: 4ms

UE MPDCCH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

k_offset = 8ms UE PDSCH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

PDSCH (no rep)

UE UL transmission n+4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

UE DL reception HD-FDD DL<=>UL transition

UE UL transmission eNB PSS/SSS/PBCH/SIB transmission n + k + K_offset

(n=2, k=4, K_offset=8)


image5.emf
PSS/SSS/PBCH PSS/SSS/SIB

SAN DL transmission 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

delay from eNB to UE: 4ms

SAN UL reception 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

MPDCCH dropped MPDCCH (8 rep) delay from UE to eNB: 4ms

UE MPDCCH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

k_offset = 8ms UE PDSCH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

UE UL transmission PDSCH (8 rep) PDSCH dropped n+4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

UE DL reception HD-FDD DL<=>UL transition

UE UL transmission eNB PSS/SSS/PBCH/SIB transmission n + k + K_offset


image6.emf
0 1 2 3 4 5 6 7 8 9

UE MPDCCH reception

10 11 12 13 14 15 16 17 18 19

UE MPDCCH reception overlapped with PSS/SSS/PBCH

20 21 22 23 24 25 26 27 28 29

UE PDSCH reception

30 31 32 33 34 35 36 37 38 39

UE PDSCH reception overlapped with PSS/SSS/PBCH

40 41 42 43 44 45 46 47 48 49

eNB PSS/SSS/SIB transmission (Drop MPDCCH/PDSCH)

50 51 52 53 54 55 56 57 58 59

HD-FDD DL<=>UL transition

60 61 62 63 64 65 66 67 68 69

UE UL transmission

70 71 72 73 74 75 76 77 78 79

80 81 82 83 84 85 86 87 88 89

90 91 92 93 94 95 96 97 98 99

100 101 102 103 104 105 106 107 108 109

110 111 112 113 114 115 116 117 118 119

120 121 122 123 124 125 126 127 128 129

130 131 132 133 134 135 136 137 138 139


image7.emf
-12 -10 -8 -6 -4 -2

SNR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

T

p

u

t

Cat-NB1/NB2 NPDSCH

Test 1 Option 2: X=30Hz

Test 1 Option 1: X=200Hz


image1.emf
-15 -10 -5 0 5 10 15

SNR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

T

p

u

t

Cat-M1 PDSCH

Test 1

Test 2 Option 1: X=200Hz

Test 2 Option 2: X=10Hz


