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1 Introduction
In RAN 1#116bis, several agreements of capacity enhancement for uplink were achieved in [1]. In this contribution, we discuss the enhancement to enable multiplexing of multiple UEs via orthogonal cover codes for IoT NTN.
2 Enhancement of NPUSCH format 1 with OCC
A NPUSCH format 1 occupies  slots.  is a repetition number indicated by repetition number field of NPDCCH format N0 or configured by higher layer for preconfigured uplink.  is the number of resource units indicated by the resource assignment field of NPDCCH format N0 or configured by higher layer parameter for preconfigured uplink.  is the number of slots in a resource unit.
After mapping of  slots, the  slots are additionally repeated by -1 times before continuing mapping of the rest of data in the following slots. For a NPUSCH associated with a TB, the total  UL slots are separated into  slot groups and each slot group includes  consecutive slots. The two redundancy versions (RV0 and RV2) are cycled across the slot groups [3].  for SCS of 3.75 kHz and  for SCS of 15 kHz. for single-tone mode () and for multi-tone mode (). Two examples are provided in Table 1 and illustrated in Figure 1, in which a block with single index represents a slot. The slots with same index and same colour represent the repeated signals in time domain. The candidate OCC schemes are discussed based on the resource mapping shown in Figure 1 in the following sections.
[bookmark: _Ref158301757]Table 1	Parameters of different resource allocation cases
	Case
	SCS
	
	
	
	
	
	

	1
	3.75 kHz
	1
	16
	8
	1
	1
	1

	2
	15kHz
	12
	2
	8
	4
	2
	2
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[bookmark: _Ref158301783]Figure 1	Resource mapping for different cases in current specification

1. 
2. 
2.1. OCC schemes for single-tone NPUSCH with 3.75kHz and 15kHz SCS
2.1.1. RV/repetition-level OCC
For RV-level OCC, the elements of an OCC sequence are multiplied on the  slots for a TB with same RV, as shown in Figure 2. In order to reduce time span of an OCC sequence, RV cycling on the repeated  slots spread by the same OCC sequence should be switched off, while RV cycling can still be performed every  slots.
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[bookmark: _Ref158301822]Figure 2	RV/repetition-level OCC with  and L=2
2.1.2. Slot-level OCC
After mapping a slot of the  for a TB with same RV, the slot is repeated by L -1 times before a new slot is mapped. The elements of an OCC sequence are multiplied on the repeated slots sequentially as shown in Figure 3. In such case, a TB with same RV spans  slots. RV cycling can still be performed every  slots. 
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[bookmark: _Ref162634631][bookmark: _Ref162634538]Figure 3 Slot-level OCC with  and L=2
2.1.3. Symbol-level OCC
In order to further reduce the span of OCC in time domain, every DFT-s-OFDM symbol can be repeated consecutively in time domain and symbol-wise multiplied with the elements of an OCC sequence before mapping a new DFT-s-OFDM symbol as shown in Figure 4. In such case, a TB with same RV spans . RV cycling can still be performed every . 
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[bookmark: _Ref162634905]Figure 4 Symbol-level OCC with  and L=2
2.1.4. DMRS for NPUSCH format 1 with OCC
In clause 10.1.4.1.1 of TS36.211, the DMRS sequence for single-tone NPUSCH transmission is defined as the element-wise product of length-16 Hadamard code w(n) and Gold-sequence c(n). The initial value of Gold sequence c(n) is fixed as , while the selection of Hadamard sequence w(n) is based on cell ID. It means UEs in same cell use the same DMRS sequence. In addition, eNB may estimate CFO of NPUSCH from two consecutive DMRS symbols and the phase rotation of these two consecutive DMRS symbols should be within the range of [-pi, pi]. As shown in Table 2, phase rotation for 3.75 kHz SCS is about 4 times that of 15kHz SCS due to the longer slot duration. 
[bookmark: _Ref162897408]Table 2 Phase rotation between DMRS symbols caused by 200Hz CFO 
	
	Phase rotation

	Distance between two DMRS symbols
	1 slot 
	2 slots 

	15 kHz SCS
	0.18pi
	0.36pi

	3.75 kHz SCS
	0.75pi
	1.5pi


In order to differentiate DMRS ports for NPUSCHs multiplexed with different OCC sequences, two candidate DMRS schemes were suggested to be evaluated in RAN1#116bis meeting. Agreement
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:
· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. 
· FFS: Detailed mapping 
· CDM of DMRS. The time domain locations of DMRS for different UEs are the same. Different OCCs are applied for the DMRS of different UEs. 
· FFS: Detailed mapping
· Other schemes are not precluded, including combinations of the above

In the evaluation, we assume the location of DMRS symbol per slot is same as legacy to minimize the spec impact, i.e. OS#4 for 3.75kHz SCS and OS#3 for 15kHz SCS. 
For CDM of DMRS, as shown in Figure 5(a), DMRS symbols are spread across slots with the OCC sequence together with data. Assuming the phase estimation from two DMRS symbols spread by an OCC sequence is the phase in the middle of these two DMRS symbols, the phase rotation between two consecutive sets of DMRS symbols is around 0.36pi for 15kHz SCS considering the distance between these two consecutive sets of DMRS symbols is 2 slots. However, if similar OCC spreading is used for 3.75kHz SCS, the phase rotation between these two sets of DMRS symbols is 1.5pi, exceeding the range for estimation. Thus, the elements of an OCC sequence should be spread on one of every two DMRS symbols as shown in Figure 5(a) for 3.75kHz SCS. 
For TDM of DMRS, as shown in Figure 5(b), UE transmits DMRS symbol only in part of slots allocated for NPUSCH transmission and different UEs transmits DMRS symbols in different slots. The DMRS symbol in a slot not to transmit DMRS are kept blank in order to mitigate MU interference during channel estimation. For 15kHz SCS, one UE transmit DMRS symbols on either the odd slots or even slots while the other UE transmit DMRS symbols on the rest of slots. For 3.75kHZ SCS, consider the phase rotation between two consecutive slots, one UE should transmit DMRS symbols on two consecutive slots of every 2L slots, where L is the OCC length. 
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(a) CDM DMRS
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(b) TDM DMRS
[bookmark: _Ref162699270][bookmark: _Ref162898173]Figure 5 DMRS with  and L=2

2.1.5. Performance comparison among OCC schemes for single-tone NPUSCH in GEO scenario
Table 3 and Table 4 summarize the KPIs of different OCC schemes with both TDM DMRS and CDM DMRS compared with the baseline (no OCC) according to the simulation assumption in Table 7 in the Appendix. The values in green blocks represents the KPIs when the link budget of the GEO scenario is satisfied, i.e. -5.44dB for 15kHz SCS and 0.58dB for 3.75kHz SCS, otherwise, it is remarked in brown blocks. The curves of BLER and aggregated throughput are also provided in Figure 6 and Figure 7 for 15kHz SCS, and in Figure 8 and Figure 9 for 3.75kHz SCS. As SNR@10% BLER for OCC4 with NRep=16 (8) for 15kHz (3.75kHz) SCS cannot reach the link budget, we further simulated the results with 32 (16) for the corresponding SCS. It can be observed that for both 3.75kHz SCS and 15kHz SCS, RV/repetition-level OCC has the worst BLER performance due to the longest time span of an OCC sequence. Symbol-level and slot-level OCC had similar BLER performance as baseline under the same repetition number for OCC-length =2, or under doubled repetition number for OCC-length=4. The aggregated throughputs for symbol-level OCC and slot-level OCC at required SNR are doubled for OCC-length=2, and even for OCC-length=4 when the repetition number are doubled. Due to the impact of CFO, TDM DMRS obtains better performance than CDM DMRS in all simulated cases.
Observation 1: For single-tone NPUSCH with either 3.75kHz or 15kHz SCS, TDM DMRS achieves better performance compared with CDM DMRS. 
Observation 2: For single-tone NPUSCH with either 3.75kHz or 15kHz SCS, symbol-level and slot level OCC have similar BLER performance with OCC length of L=2 and L=4. The RV/repetition-level OCC scheme has the worst BLER performance due to the longest time span of an OCC sequence (32 slots for L=2 and 64 slots for L=4). 

Observation 3: For single-tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 91.7% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 2.
Observation 4: For single-tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 100% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 4 and doubled repetition number.
Observation 5: For single-tone NPUSCH with 3.75kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 100% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 2.
Observation 6: For single-tone NPUSCH with 3.75kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 83.3% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 4 and doubled repetition number.

[bookmark: _Ref162903618]Table 3 Summary of SNR@10%BLER and Aggregated throughput@ required SNR for 15 kHz single tone
	
	
	RV/repetition-level
	Slot-level
	Symbol-level

	
	
	TDM
	CDM
	TDM
	CDM
	TDM
	CDM

	Baseline
(NRep=16)
	SNR @10%BLER
	-6.38

	
	Aggr thpt @required SNR
	0.12

	OCC2
(NRep=16)
	SNR @10%BLER
	-3.20
	--
	-6.02
	-2.74
	-6.08
	-2.76

	
	Aggr thpt @required SNR
	0.17
	0.04
	0.23
	0.17
	0.23
	0.17

	OCC4
(NRep=16)
	SNR @10%BLER
	-1.19
	--
	-4.54
	1.47
	-4.82
	-0.12

	
	Aggr thpt @required SNR
	0.24
	0.02
	0.39
	0.25
	0.41
	0.26

	OCC4
(NRep=32)
	SNR @10%BLER
	-3.34
	--
	-6.88
	-0.71
	-7.06
	-1.95

	
	Aggr thpt @required SNR
	0.17
	0.03
	0.24
	0.15
	0.24
	0.16
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(a) OCC-length=2 (NRep=16)
	[image: ]
(b) OCC-length=4 (NRep=16)
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(c) OCC-length=4 (NRep=32)
[bookmark: _Ref162699858]Figure 6 Performance of 15 kHz Single-tone NPUSCH format 1 w/ and w/o OCC
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[bookmark: _Ref162702077]Figure 7 Aggregated throughput of 15 kHz Single-tone NPUSCH format 1 w/ and w/o OCC
[bookmark: _Ref162904016]Table 4 Summary of SNR@10%BLER and Aggregated throughput@ required SNR for 3.75 kHz single tone 
	
	
	RV/repetition-level
	Slot-level
	Symbol-level

	
	
	TDM
	CDM
	TDM
	CDM
	TDM
	CDM

	Baseline
(NRep =8)
	SNR @10%BLER
	-2.75

	
	Aggr thpt @required SNR
	0.06

	OCC2
(NRep =8)
	SNR @10%BLER
	5.28
	--
	-1.52
	--
	-1.92
	--

	
	Aggr thpt @required SNR
	0.09
	0.01
	0.12
	0.07
	0.12
	0.07

	OCC4
(NRep =8)
	SNR @10%BLER
	--
	--
	3.26
	--
	2.74
	--

	
	Aggr thpt @required SNR
	0.02
	0.01
	0.17
	0.04
	0.19
	0.04

	OCC4
(NRep =16)
	SNR @10%BLER
	N/A
	N/A
	0.58
	--
	0.27
	--

	
	Aggr thpt @required SNR
	N/A
	N/A
	0.11
	0.02
	0.11
	0.02
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(a) OCC-length=2 (NRep=8)
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(b) OCC-length=4 (NRep=8)
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(c) OCC-length=4 (NRep=16)
[bookmark: _Ref162699865]Figure 8 Performance of 3.75 kHz Single-tone NPUSCH format 1 w/ and w/o OCC
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[bookmark: _Ref162702086]Figure 9 Aggregated throughput of 3.75 kHz Single-tone NPUSCH format 1 w/ and w/o OCC 

2.2. OCC schemes for multi-tone NPUSCH with 15kHz SCS
2.2.1. RV/repetition-level OCC
For multi-tone NPUSCH with , a TB with the same RV spans  and is repeated by  times. The elements of an OCC sequence are multiplied on every  slots sequentially, similar as those for single-tone NPUSCH in section 3.1.1. The OCC length should be 2 in this case. The RV cycling on the repeated  slots spread by the same OCC sequence should be switched off. 
For multi-tone NPUSCH with , a TB with same RV spans  slots, in which . These  slots are further repeated by  times. The elements of an OCC sequence are multiplied on every  slots sequentially. The OCC-length L should divide . The RV cycling on the repeated  slots spread by the same OCC sequence should be switched off as shown in Figure 10. 
[image: ]
[bookmark: _Ref162702825]Figure 10 Repetition-level OCC with  and L=2
2.2.2. Slot/N_slot-level OCC
The slot-level OCC for single-tone NPUSCH (described in section 3.1.2) can be used in multi-tone NPUSCH directly. In such case, the  repetitions of  for a TB with same RV is not necessary any more.
For multi-tone NPUSCH with , after mapping every  slots for a TB with same RV, the  slots will be additionally repeated by -1 times. The elements of an OCC sequence can be multiplied on the  repetitions of every  slots of the TB with same RV as shown in Figure 11. In such case, the existing resource mapping for NB-IoT can be reused if the OCC length is not larger than . 
[image: ]
[bookmark: _Ref162702843]Figure 11 -level OCC with  and L=4
2.2.3. Symbol-level OCC
The symbol-level OCC for single-tone NPUSCH (described in section 3.1.3) can be used in multi-tone NPUSCH directly. In such case, keep the  repetitions of  for a TB with the same RV is not necessary..
2.2.4. Intra-symbol pre-DFT spreading OCC 
When , it is possible to multiplex UEs within an DFT-S-OFDM symbol by block wise spreading as PUCCH format 4 in NR and is discussed in our companion paper for NR-NTN [4]. Every  BPSK/QPSK symbols are repeated  times and multiplied with elements of OCC sequence. After transform precoding, the signals are only mapped to a comb of subcarriers in frequency domain. In Figure 12 an example is given when =4 with 12 tones, each UE use different OCC sequence to spread 3 modulation symbols to 12 symbols, and then the data after DFT can be mapped to 3 of the 12 subcarriers. It can be observed that the OCC length should be divided by the number of subcarriers of UL resource unit. And then the whole TB should be allocated more slots with less repetition as shown in Figure 12.
 [image: ]
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[bookmark: _Ref158301939]Figure 12 OCC spreading and RE mapping of intra-symbol OCC
2.2.5. DMRS for NPUSCH format 1 with OCC
In clause 10.1.4.1.2 of TS36.211, the DMRS sequence of multi-tone NPUSCH is defined as a cyclic shift α of a base sequence  according to . The base sequence  for 3-tone, 6-tone and 12-tone NPUSCH are either generated from cell ID or configured per cell by threeTone-BaseSequence, sixTone-BaseSequence, and twelveTone-BaseSequence in NPUSCH-ConfigCommon-NB-r13. The cyclic shift  for 3-tone and 6-tone are configured per cell by threeTone-CyclicShift and sixTone-CyclicShift in NPUSCH-ConfigCommon-NB-r13. For 12-tone NPUSCH, the cyclic shift is either with or configured by npusch-CyclicShift-r16 in PUR-Config-NB with value range of   for a UE. In order to differentiate DMRS ports for NPUSCHs multiplexed with different OCC sequences, UE in a cell can be configured with different cyclic shifts. For example, we assume  when 4 UE are multiplexed on the same RB in the simulation in section 3.2.6. 
Proposal 1: For multi-tone NPUSCHs multiplexed with OCC, DMRS ports with different cyclic shifts can be considered.  
2.2.6. Performance comparison among OCC schemes for multi-tone NPUSCH in LEO scenario
Table 5 provides the KPIs of different OCC schemes compared with the baseline according to the simulation assumption in the Appendix. Figure 13 presents the BLER curves for OCC with length of 2 and 4 respectively. It can be observed that, for OCC length of 2, the RV/repetition-level OCC scheme has the worst BLER performance because the orthogonally cannot be maintained over time span of the OCC sequence of 32 slots. The intra symbol, symbol-level, slot-level and Nslot-level OCC schemes achieve similar performance in all simulated SNR range because the time span of an OCC sequence is not larger than 4 slots. For OCC length of 4, BLER curve of Nslot is deviated from the other schemes because the time span of the OCC sequence is 8 slots on which orthogonally cannot be maintained due to residue CFO. Figure 14 provides the aggregated throughput for the evaluated OCC schemes which can meet the required SNR. The aggregated throughput is improved almost linearly with the number of UE multiplexed, as long as the orthogonally of OCC sequence can be maintained. 
Observation 7: For multi-tone NPUSCH with 15kHz SCS, RV/repetition-level OCC scheme has the worst BLER performance due to the longest time span of an OCC sequence (32 slots for L=2 and 64 slots for L=4).
Observation 8: For multi-tone NPUSCH with 15kHz SCS, Nslot-level OCC, Slot-level OCC, Symbol-level and intra-Symbol OCC achieve similar BLER performance with OCC length of L=2.
Observation 9: For multi-tone NPUSCH with 15kHz SCS, with the increasing of OCC length to 4, the BLER performance of Nslot-level OCC deviates from slot-level OCC, symbol-level OCC and intra-Symbol OCC schemes due to the increased time span of an OCC sequence with L=4 (8 slots).
Observation 10: For multi -tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 88.9% with Nslot-level OCC scheme, by 91.9% with Slot-level OCC scheme, by 94.0% with Symbol-level OCC scheme and by 94.0% with Intra-symbol-level OCC scheme, assuming OCC length of 2 and same repetition number.
Observation 11: For multi -tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 89.6% with Nslot-level OCC scheme, by 100.3% with Slot-level OCC scheme, by 104.4% with Symbol-level OCC scheme and by 103.2% with Symbol-level OCC scheme, assuming OCC length of 4 and doubled repetition number.

[bookmark: _Ref162942012][bookmark: _Ref162703534]Table 5 Summary of SNR@10%BLER and Aggregated throughput@ required SNR for 15 kHz multi-tone
	
	
	RV/repetition-level
	-level
	Slot-level
	Symbol-level
	Intra symbol

	Baseline
(Rep8)
	SNR @10%BLER
	-4.14

	
	Aggr thpt @required SNR
	15.53

	OCC2
(Rep8)
	SNR @10%BLER
	--
	-2.97
	-3.20
	-3.42
	-3.35

	
	Aggr thpt @required SNR
	13.75
	29.33
	29.80
	30.13
	30.13

	OCC4
(Rep8)
	SNR @10%BLER
	N/A
	4.29
	-1.57
	-3.63
	-3.37

	
	Aggr thpt @required SNR
	N/A
	44.20
	54.23
	60.87
	60.12

	OCC4
(Rep16)
	SNR @10%BLER
	N/A
	-3.43
	-5.24
	-5.99
	-5.31

	
	Aggr thpt @required SNR
	N/A
	29.45
	31.10
	31.75
	31.56
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(a) OCC-length=2 (Rep8)
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(b) OCC-length=4 (Rep8)


[bookmark: _Ref162703570][image: ]
(c) OCC-length=4 (Rep16)
Figure 13 Performance Multi-tone NPUSCH format 1 w/ and w/o OCC
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[bookmark: _Ref162703651]Figure 14 Aggregated throughput of Multi-tone NPUSCH format 1 w/o and w/ OCC
2.3. Comparisons of OCC schemes for NPUSCH format 1 
The potential standard impacts are summarized in Table 6. For IoT NTN, as the TB size is determined by the number of RU and the MCS index indicated in DCI, the number of RU corresponding to index IRU may be scaled with the length of OCC for slot level and symbol level OCC if the legacy TBS table is reused. Alternatively, if OCC spreading factor is also counted into repetition number, the legacy TBS table can be reused. Except for the N_slot level OCC for multi-tone and repetition/RV level OCC, all the other candidate schemes require changes on the resource mapping. For Nslot-level OCC, the OCC length should be restricted to the value of  with that scheme. 
UL segmentation was introduced in R17 for UE to adjust TA after a period time of UL transmission. The phase continuity may not be guaranteed after TA adjustment. In addition, some DFT-S-OFDM symbols might be dropped if they are overlapped with previous symbols after TA adjustment. How to maintain the orthogonality of OCC sequence after segmentation should be further investigated for different candidate OCC schemes.
[bookmark: _Ref165230641]Table 6 Comparison of different OCC schemes
	Spec impact
	RV cycling
	Resource mapping
	Scheduling restriction
	Resource allocation
	DMRS

	RV/Repetition-level
	ST
	Same RV across time span of an OCC sequence
	No change
	time span of an OCC sequence within a segmentation
	No change
	TDM/CDM

	
	MT
	
	
	
	
	Additional CS

	Nslot/ Slot level
	ST
	No change
	repeat slot by occ-length before mapping new slot
	time span of an OCC sequence within a segmentation
	scale NRU or TBS
	TDM/CDM

	
	MT
	Slot-level
	
	
	
	
	Additional CS

	
	
	Nslot level
	No change
	No change
	OCC length may be restricted to 
Time span of an OCC sequence within a segmentation
	No change
	

	Symbol level
	ST
	No change
	repeat DFT-s-OFDM symbol by occ-length before mapping new symbol
	Time span of an OCC sequence within a segmentation
OCC length should divide number of data symbols per slot
	scale NRU or TBS
	TDM/CDM

	
	MT
	
	
	
	
	Additional CS

	Intra-symbol
	ST
	N/A
	N/A
	N/A
	N/A
	N/A

	
	MT
	No change
	pre DFT spreading
	OCC length should divide allocated number of subcarriers
	scale NRU or TBS
	Additional CS



By comparing the specification impacts and performance, we have following proposals. 
Proposal 2: Support to have a common design of OCC scheme for single tone and multi tone NPUSCH.
Proposal 3: Slot-level and symbol-level OCC can be considered with higher priority for further study when repetition number is larger than 1 for R19 IoT NTN. 
3 Necessity of NPRACH enhancement with OCC
In the objective of UL capacity / throughput enhancement for IoT NTN, NPRACH is also listed. The following agreements were achieved in RAN1#116bis. Transmission of NPRACH is based on the unit of symbol groups. Every symbol group consist of a CP with length of  and N same symbols, in which N=5 for format 0 and format 1 [2]. One preamble consists of P symbol groups, P=4 for format 0 and format 1. Then, the preamble is repeated by  times. The symbol groups will be transmitted via different subcarrier with defined hopping pattern and an example for NPRACH format 0 is shown in Figure 15. Agreement
At least the following NPRACH OCC schemes are considered by RAN1 for study:
· Intra-symbol group OCC
· Inter-symbol group(s) OCC
· Inter-repetition OCC 
Agreement
The study of OCC for NPRACH does not consider NPRACH format 2.

[image: C:\Users\y00595888\AppData\Roaming\eSpace_Desktop\UserData\y00595888\imagefiles\7A9D923A-028F-49E5-9E9F-4FE8818E6A96.png]
Figure 15 Preamble in NB IoT
In RAN1#116bis, there were three candidate OCC schemes proposed by RAN1 for study, i.e. inter-repetition OCC, inter-symbol group(s) OCC, or intra-symbol group OCC, as plotted in Figure 16. For inter-repetition OCC and inter-symbol group(s) OCC, the elements of an OCC sequence are spread across multiple repetitions and symbol groups with frequency hopping. The phase continuity and power consistency may be destroyed between adjacent symbols groups. Some potential RAN4 involvement may be needed. In addition, due to long time span of inter-repetition OCC and inter-symbol group(s) OCC, the orthogonality of OCC sequence can not be guaranteed due to the phase rotation from residue CFO, which degrades the detection performance. Furthermore, eNB usually estimates the timing advance from the frequency hopping between symbol groups. Such implementation might not be reused when NPRACHs are multiplexed with inter-repetition OCC and inter-symbol group(s) OCC. 

[image: C:\Users\s00813212\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\F8544BB4.tmp]
(a) Inter-repetition OCC
[image: C:\Users\s00813212\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\46A974E2.tmp]
(b) Inter-symbol group(s) OCC
[image: C:\Users\s00813212\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6B68C740.tmp]
(c) Intra-symbol group OCC
Figure 16 Inter-repetition and Inter/Intra-symbol group OCC
For intra-symbol group OCC, it may significantly increase the requirement on timing error for NPRACH transmission after UE pre-compensates TA estimated from satellite ephemeris and its own GNSS in order to keep orthogonality across multiple OCCs, as shown in Figure 17. Due to lack of CP between symbols in a symbol group, interference from UEs sharing the same subcarrier and in adjacent subcarrier result increased false alarm rate if detection threshold for NPRACH without OCC is used. In consequence, the miss detection rate degrades if same false alarm rate requirement is kept. In Figure 18, we provide LLS results for intra-symbol group OCC based on the assumption in Table 8 of Appendix. The degradation is exaggerated when power imbalance is considered. In addition, how to address the NPRACH preamble with different OCC index in RAR also requires RAN2 involvement. On the other hand, NPRACH is usually used by UE to acquire UL synchronization during initial access and Out-of-Sync, or transmit SR when there is no HARQ-ACK feedback. It is not the bottle neck for UL capacity because it is not frequently used from a single UE perspective. Thus, we propose to prioritize enhancement of NPUSCH over enhancement of NPRACH considering the limited TU in Rel-19. 
[bookmark: _Hlk166154136]Observation 12: For inter-repetition OCC and inter-symbol group(s) OCC, whether the phase continuity and power consistency across the frequency hopping between symbol groups should be determined by RAN4. Whether eNB can estimate the timing advance should also be revisited by RAN1. 
Observation 13: For intra-symbol group OCC scheme, the missed detection rate degrades significantly due to the interference of multiplexing preamble on same subcarriers and the interference of preamble on adjacent subcarriers. In addition, if the power imbalance is considered, the degradation is exaggerated.
Proposal 4: Prioritize enhancement of NPUSCH over NPRACH in Rel-19 IoT NTN, considering the limited TU and work load in the WI.
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Figure 17 Timing difference between different UEs
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Figure 18 LLS results for intra-symbol group OCC


4 Conclusion
The observations and proposals made in this contribution are summarized below:
· [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]For NPUSCH format 1
Observation 1: For single-tone NPUSCH with either 3.75kHz or 15kHz SCS, TDM DMRS achieves better performance compared with CDM DMRS. 
Observation 2: For single-tone NPUSCH with either 3.75kHz or 15kHz SCS, symbol-level and slot level OCC have similar BLER performance with OCC length of L=2 and L=4. The RV/repetition-level OCC scheme has the worst BLER performance due to the longest time span of an OCC sequence (32 slots for L=2 and 64 slots for L=4). 

Observation 3: For single-tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 91.7% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 2.
Observation 4: For single-tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 100% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 4 and doubled repetition number.
Observation 5: For single-tone NPUSCH with 3.75kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 100% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 2.
Observation 6: For single-tone NPUSCH with 3.75kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 83.3% by Slot-level OCC scheme or Symbol-level OCC scheme with TDM DMRS with OCC length of 4 and doubled repetition number.
Observation 7: For multi-tone NPUSCH with 15kHz SCS, RV/repetition-level OCC scheme has the worst BLER performance due to the longest time span of an OCC sequence (32 slots for L=2 and 64 slots for L=4).
Observation 8: For multi-tone NPUSCH with 15kHz SCS, Nslot-level OCC, Slot-level OCC, Symbol-level and intra-Symbol OCC achieve similar BLER performance with OCC length of L=2.
Observation 9: For multi-tone NPUSCH with 15kHz SCS, with the increasing of OCC length to 4, the BLER performance of Nslot-level OCC deviates from slot-level OCC, symbol-level OCC and intra-Symbol OCC schemes due to the increased time span of an OCC sequence with L=4 (8 slots).
Observation 10: For multi -tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 88.9% with Nslot-level OCC scheme, by 91.9% with Slot-level OCC scheme, by 94.0% with Symbol-level OCC scheme and by 94.0% with Intra-symbol-level OCC scheme, assuming OCC length of 2 and same repetition number.
Observation 11: For multi -tone NPUSCH with 15kHz SCS, when compared to single UE w/o OCC at the required SNR, the aggregated throughput can be improved by 89.6% with Nslot-level OCC scheme, by 100.3% with Slot-level OCC scheme, by 104.4% with Symbol-level OCC scheme and by 103.2% with Symbol-level OCC scheme, assuming OCC length of 4 and doubled repetition number.

Proposal 1: For multi-tone NPUSCHs multiplexed with OCC, DMRS ports with different cyclic shifts can be considered.  
Proposal 2: Support to have a common design of OCC scheme for single tone and multi tone NPUSCH.
Proposal 3: Slot-level and symbol-level OCC can be considered with higher priority for further study when repetition number is larger than 1 for R19 IoT NTN. 

· For NPRACH
Observation 12: For inter-repetition OCC and inter-symbol group(s) OCC, whether the phase continuity and power consistency across the frequency hopping between symbol groups should be determined by RAN4. Whether eNB can estimate the timing advance should also be revisited by RAN1. 
Observation 13: For intra-symbol group OCC scheme, the missed detection rate degrades significantly due to the interference of multiplexing preamble on same subcarriers and the interference of preamble on adjacent subcarriers. In addition, if the power imbalance is considered, the degradation is exaggerated.
Proposal 4: Prioritize enhancement of NPUSCH over NPRACH in Rel-19 IoT NTN, considering the limited TU and work load in the WI.
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Appendix

[bookmark: _Ref162942365]Table 7 Link level assumptions for NPUSCH
	
	Parameter
	value

	scenario
	orbit
	GEO
	LEO600

	
	Elevation angle 
	12.5 degree
	30degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs
Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Pimb=0

	transmitter 
	SCS
	3.75kHz and 15kHz
	15kHz

	
	Number of tones
	Single tone 
	12 tone

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

	
	DMRS configuration 
	OS#4 per slot for 3.75kHz
OS#3 per slot for 15kHz
CDM / TDM DMRS
	OS#3 per slot for 15kHz
Multiple UEs are allocated with different cyclic shift.

	
	Number of resource unit () 
	1
	2

	
	Modulation order 
	BPSK
	QPSK

	
	TBS ()
	0 (16bits) in Table 16.5.1.2-2 of TS36.213
	8 (256 bits) in Table 16.5.1.2-2 of TS36.213

	
	Number of repetitions ()
	16 and 32 for 15kHz SCS
8 and 16 for 3.75kHz SCS
	8 for 15kHz SCS

	
	OCC length 
	2 and 4

	
	OCC sequence
	In Table 6.3.2.6.3-1 and 6.3.2.6.3-2 in TS38.211

	
	Number of UE
	2 and 4 with same transmit power

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation

	KPI
	BLER per UE
	10% BLER.

	
	Aggregated throughput 
	Total throughput of 2 and 4 UEs multiplexed
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[bookmark: _Ref162942341][bookmark: _Ref162518191]Table 8 Link level simulation assumptions for NPRACH
	
	Parameter
	value

	Scenario
	Orbit and elevation angle
	GEO at 12.5 degrees

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs
Timing drift 0 for GEO.

	
	Power imbalance
	The power of target UE is unchanged. Uniformly distributed between +Pimb and -Pimb for other UEs. Pimb is 3dB or 5dB

	Transmitter
	NPRACH format
	0

	
	MIMO scheme
	SISO

	
	Number of repetitions ()
	8

	
	OCC length 
	5

	
	OCC sequence
	DFT sequence

	
	Index of the symbol in SG for CP 
	5

	
	Number of UE
	Max 4

	
	Velocity of UE
	3km/h

	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	ToA estimation tolerance
	3.646us
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