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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In RAN1#116bis meeting, the following agreement were achieved on IoT NTN uplink capacity enhancement provided in [1] related to NPRACH and NPUSCH format 1.
	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.
Agreement
OCC multiplexing is not supported between a UE using NPUSCH format 1 with 3.75kHz SCS and another UE using NPUSCH format 1 with 15kHz SCS.
Agreement
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.
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
Agreement
For the NPUSCH evaluation assumptions, update the frequency error assumption, as follows.
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.
For GEO, the same frequency error is applied to each subframe of a transport block.
For LEO, the same frequency error is applied to each subframe of a segment (if applied in the evaluation). Companies to report their assumption on frequency error across segments.






In this contribution, we discuss and provide our considerations on IoT NTN NPUSCH format 1 and NPRACH capacity enhancement.
2. Discussions
NPUSCH format 1
For NPUSCH format 1, both single-tone and multi-tone could be considered for uplink capacity enhancement, and the supported combinations of sub-carriers spacing, number of sub-carriers in one RU, and the number of slots in one RU are listed as follows. 
Table 10.1.2.3-1 in TS36.211: Supported combinations of  , , and , for frame structure type 1
	NPUSCH format
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	1
	3.75 kHz
	1
	16
	7

	
	15 kHz
	1
	16
	

	
	
	3
	8
	

	
	
	6
	4
	

	
	
	12
	2
	

	2
	3.75 kHz
	1
	4
	

	
	15 kHz
	1
	4
	


According to the specification, a NPUSCH format 1 associated with a TB is transmitted in  NB-IoT UL slots associated with the TB, where , where  is the number of slots in a resource unit, which is listed for single-tone case and multi-tone case in the Table above.  is the number of resource units for the TB, and   is a repetition number where the TB shall be transmitted  times.
For resource mapping, the block of complex-valued symbols, after being scaled by the transmit power, should be mapped to resource elements  in increasing order of first the index , then the index, starting with the first slot in the assigned resource unit(s). After mapping the first  slots, the  slots are repeated -1 additional times. Then the mapping continues with the remaining data in the following slots in the assigned resource unit(s). For RV determination, the total  UL slots are separated into  slot blocks, and each slot block includes  consecutive slots and these slots share the same RV. The redundancy version  associated with the TB is determined by, , , where  is the number of slot block. As we can see, only RV0 and RV2 are supported.  
Where


For single-tone case, frequency domain OCC is not applicable, only time domain OCC could be considered. For multi-tone case, it is hard to apply a unified frequency domain OCC design for different numbers of tones. Due to the regular time domain resource structure between single-tone and multi-tone, time domain OCC could be preferable for unified OCC design. To reduce the workload, a unified design based on time domain OCC both for single-tone and multi-tone NPUSCH is preferred. Considering limited TUs for NTN, the discussion on OCC schemes for single-tone case should be prioritized. 
Proposal 1: A unified design based on time domain OCC both for single-tone and multi-tone NPUSCH is preferred. 
Proposal 2: Prioritize the discussion of OCC schemes for single-tone case.

Based on the resource mapping rules and RV determination above, the total  UL slots for  repetitions would be separated into  slot blocks, and each slot block includes  consecutive slots and these slots share the same RV. Since an OCC sequence cannot be applied to slots with different RV, the time spanning of applying an OCC sequence should not be across the slot block with the same RV. For convenience, the slots with same RV are called as RV block. Furthermore, due to the resource mapping rule with  and ,  slots of a TB is repeated  times. For example, the whole TB mapping consists of 8 slots for 3-tone case with , and each =2 slots is repeated 2 times within one RV block, as shown in Figure 1. For convenience, each  slots within a RV block is called as sub-TB block. And one RV block consists of one or more sub-TB block(s). Similarly, the OCC sequence should be applied to time resources within a sub-TB block. The OCC length should be no larger than   or  and the time spanning of applying an OCC sequence should not be across a sub-TB bloc, where the time spanning of applying an OCC sequence could be understood as the time resource corresponding to time unit for performing OCC multiplying OCC length.

Figure 1. Mapping example for 3-tone case with 1 RU
Regarding the uplink segment transmission, the segment duration where UL timing and frequency synchronization is expected to be maintained could be configured by NW, and UE can perform timing or frequency pre-compensation during pre-compensation gap between segments. Then, it is hard to ensure the orthogonality for multiplexed UEs between segments if a OCC sequence is applied to multiple segments. Therefore, the time spanning of applying an OCC sequence should not also be across segments if uplink segment is configured. 
In summary, the time spanning of applying an OCC sequence should not be across the any of RV block, sub-TB block and one segment (if configured). 
Observations 1: For NPUSCH format 1 OCC schemes, the time spanning of applying an OCC sequence should not be across the any of the following: a RV block(i.e., a slot block with the same RV), a sub-TB block(i.e., each  slots within a RV block), or one segment(if configured).

OCC schemes for single-tone case
In order to illustrate the candidate OCC schemes, we take an example with 15kHz SCS and , , , in Figure 2. For OCC schemes, assuming 2UEs multiplexing, the OCC sequence [w0, w1] is applied on different time domain granularity, e.g. symbol-level, slot-level, RV-level. Please note that in the following figures, w0/w1 of the same color belong to a same OCC sequence.

Figure 2. example of baseline with 15kHz SCS and single-tone
For inter-symbol OCC, shown in Figure 3, in order to support the OCC multiplying across OFDM symbols, it should be ensured that the consecutive symbols in the span of applying an OCC sequence are mapped with the same complex-valued symbols, thus requiring a resource mapping change. As one possible design, the complex-value symbols per OFDM symbol are repeated to perform inter-symbol OCC, in which case the available resources within a RV block for carrying information bits or symbols are reduced compared to the case without OCC. Such design would lead to a higher transmission code rate, resulting in performance loss after applying inter-symbol OCC. Alternatively, more RUs could be scheduled or configured for one TB within a RV block to keep the same code rate as the case without OCC, which could be up to NW implementation. However, the UL capacity can't be increased as the transmissions is prolonged.
Observations 2: For inter-symbol OCC under NPUSCH single-tone case, the resource mapping in time domain need to be changed.
Furthermore, the time spanning of applying an OCC sequence needs to be decided. For example, if inter-symbol OCC is performed within one slot, only 6 OS could be available and only OCC length 2 could be supported; if inter-symbol OCC is performed per 2 slots, 12 OS could be available and OCC length {2,4,6} could be supported, which can support at most 4 UEs multiplexing. What can be noted is that  equals to 2 in 15kHz SCS case, and such existing parameter could be reused to determine the time spanning of applying an OCC sequence. 


Figure 3. example of inter-symbol OCC for single-tone
An inter-slot OCC sequence cannot be directly applied to NPUSCH because the consecutive slots have different complex-value symbols, if the legacy resource mapping remains unchanged for single-tone case. In order to perform inter-slot(s) OCC, there should be resource mapping change to apply an OCC code over slot(s), as shown in Figure 4. Moreover, available resources within scheduled or configured RU(s) for mapping one TB are reduced, leading to a higher transmission code rate compared to the case without OCC. Predictably, performance loss due to code rate increasing would be larger than the obtained gain via combining after de-OCC at the receiver. Thus, in general, there would be a certain performance loss after applying inter-slot OCC with resource mapping change. Similarly, more RUs could be scheduled or configured for one TB to keep the same code rate as the case without OCC, which could be up to NW implementation.
Observations 3: For inter-slot OCC under NPUSCH single-tone case, the resource mapping in time domain would be changed.

Figure 4. example of inter-slot OCC for single-tone
For inter-RV OCC, shown in Figure 5, only slots with the same mapped complex-value symbols and with the same redundancy version could be multiplied by OCC sequence. At the receiver, the received signal with the same RV should be first de-OCC, and then the soft combining could be performed. In this way, the legacy resource mapping and RV determination could remain unchanged as much as possible. Since the time spanning of slots with the same mapped complex-value symbols and with the same redundancy version for inter-RV OCC keep the same as the slots for inter-repetition OCC, e.g. Rep#1(RV0) and Rep#3(RV0), or Rep#2(RV2) and Rep#4(RV2), inter-RV OCC is equivalent to inter-repetition OCC. In addition, in order to perform inter-RV/inter-repetition OCC, at least 4 RV blocks are needed to ensure that there are at least 2 RV block for each RV. Thus, the total repetition number  should not be less than 4. 

Figure 5. example of inter-RV/inter-repetition OCC for single-tone
Observations 4: Under NPUSCH single-tone case, inter-RV OCC is equivalent to inter-repetition OCC due to .
Observations 5: For support of inter-RV/inter-repetition OCC under NPUSCH single-tone case, the total repetition number  should not be less than 4.
For inter-repetition OCC, as the time spanning of repetition includes multiple slots, the accumulated phase error due to CFO over the OCC could be large, thus degrading the performance. To reduce the time spanning of applying an OCC sequence for inter-repetition OCC, the value of could be considered to be the same as the multi-tone case, i.e. . That means, the transmission per  slots should be repeated  times, then inter-repetition OCC can be performed within  repetitions, i.e. a sub-TB block. In this case, a slot is repeated several times in a RV block, the time spanning of applying an OCC sequence for inter-repetition OCC could be only  slots (one sub-TB block), not 2 RV blocks.

Figure 6. example of inter-repetition OCC for single-tone with modifying 
[bookmark: _Hlk166257821]Observations 6: For support of inter-repetition OCC under NPUSCH single-tone case, the value of  could be modified.
In summary, these observations and discussions are summarized in Table 1. 
Table 1. Summary of single-tone case
	
	Inter-symbol OCC
	Inter-slot OCC
	Inter-repetition OCC
	Inter-RV OCC

	Resource mapping
	Need to be changed
	Need to be changed
	No change
	No change

	Time spanning
	, or RV block
	, or RV block
	, or RV block
	2 RV blocks

	Other limitation
	/
	/
	
	



OCC schemes for multi-tone case
In order to illustrate the several candidate OCC schemes, we give an example with 15kHz SCS and , , , in Figure 7. For OCC schemes, assuming 2UEs are multiplexed on the same resource, and the OCC sequence [w0, w1] is applied on different time domain granularity, e.g. symbol-level, slot-level, repetition-level, RV-level. Please note that in the following figures, w0/w1 of the same color belong to a same OCC sequence.

Figure 7. example of NPUSCH with 15kHz SCS and 12-Tone, without OCC
[bookmark: _Hlk163149982]For inter-RV OCC, shown in Figure 8, considering the legacy RV determination, only the same redundancy version could be multiplied by OCC sequence. And at the receiver, de-OCC should be performed on the received signal with the same RV, and then the soft combining could be performed. In this way, the legacy resource mapping and RV determination could remain unchanged as much as possible.
Observations 7: For inter-RV OCC under NPUSCH multi-tone case, the legacy resource mapping and RV determination could remain unchanged.
In addition, in order to perform inter-RV OCC, at least 4 RV blocks are needed to ensure that there are at least 2 RV block for each RV. Thus, the total repetition number  should not be less than 16.
Observations 8: For support of inter-RV OCC under NPUSCH multi-tone case, the total repetition number  should not be less than 16.

[image: ]
Figure 8. example of inter-RV OCC for 12-tone
For inter-repetition OCC, shown in Figure 9, an OCC code could be applied to the consecutive repetitions. However, in order to reuse legacy RV determination, the time spanning of applying an OCC code should be limited in each sub-TB block. Considering other multi-tone case, e.g. 3-tone, 6-tone, the time spanning of applying an OCC code should be limited in each sub-TB block. Then, the legacy resource mapping would remain unchanged and the OCC length should not exceed .

Figure 9. example of inter-repetition OCC for 12-tone
Observations 9: For inter-repetition OCC under NPUSCH multi-tone case, if resource mapping remains unchanged, the OCC length should not exceed .

For inter-slot(s) OCC, shown in Figure 10, there are two examples illustrated: one applying an OCC code over slot(s) without resource mapping change(option 1), and another with resource mapping change(option 2). The example(option 1) in Figure 10(a) is equivalent to the example of inter-repetition OCC. In this case, the legacy resource mapping could be reused without modification. For the example in Figure 10(b), there is no benefit to performance due to the tiny span difference compared with Figure 10(a).
Observations 10: For inter-slot(s) OCC under NPUSCH multi-tone case, if resource mapping remains unchanged,  inter-slot OCC scheme could be equivalent to inter-repetition OCC scheme.


(a). example of inter-slot OCC without resource mapping change(option 1)

(b). example of inter-slot OCC with resource mapping change(option 2)
Figure 10. example of inter-slot OCC for 12-tone
For inter-symbol OCC, shown in Figure 11, in order to support the OCC multiplying across OFDM symbols, it should be ensured that the consecutive symbols in the span of applying an OCC code are mapped with the same complex-valued symbols, thus requiring the resource mapping change. Moreover, applying inter-symbol OCC reduces the available resources within a sub-TB block for carrying information bits or symbols, leading to a higher transmission code rate. Predictably, performance loss due to code rate increasing would be larger than the obtained gain via combining after de-OCC at the receiver. Thus, in general, there would be a certain performance loss after applying inter-symbol OCC. Alternatively, more RU could be scheduled for one TB to keep the same code rate as the case without OCC, which could be up to NW implementation.
Observations 11: For inter-symbol OCC under NPUSCH multi-tone case, the resource mapping in the time domain would be changed.


Figure 11. examples of inter-symbol OCC for 12-tone
For intra-symbol OCC, in order to support the OCC multiplying within one OFDM symbol, it should be ensured that the SCs in the span of applying an OCC code are mapped with the same complex-valued symbols, which is similar to NR PUCCH format 4 block-wise spreading, shown in Figure 12. Compared with the case without OCC multiplied, available SCs in frequency domain for carrying information bits or symbols are reduced within one OFDM symbol, leading to a higher transmission code rate. As depicted in Figure 12, after pre-DFT transforming, one UE only occupies half SCs of 12 tones. Thus, power boosting in frequency domain could be considered, which could provide impressive performance improvement. Similarly, more RUs could be scheduled or configured for one TB to keep the same code rate as the case without OCC, which could be up to NW implementation.
Observations 12: For intra-symbol OCC under NPUSCH multi-tone case, the resource mapping in frequency domain would be changed.
What can be noted is that only 12-tone case can support intra-symbol OCC with length 4, however, 6-tone case and 3 tone case could not support. Even 3-tone case cannot support intra-symbol OCC with length 2. Thus, intra-symbol OCC seems unsuitable for unified design under NPUSCH multi-tone case. 
Observations 13: Under NPUSCH multi-tone case, there is no unified design for intra-symbol OCC for different tone case.

Figure 12. example of intra-symbol OCC for 12-tone
In summary, these observations and discussions are summarized in Table 2. 
Table 2. Summary of multi-tone case
	
	Intra-symbol OCC
	Inter-symbol OCC
	Inter-slot OCC
	Inter-repetition OCC
	Inter-RV OCC

	Resource mapping
	Need changes
	Need changes
	Option 1: no change
Option 2: changes
	No change
	No change

	Time spanning
	one slot, or  slots
	 slots
	 slots, or  slots
	 slots
	2 RV blocks

	Other limitation
	No unified design for different tone case
	/
	/
	, and OCC length  no more than  
	



Consideration on NDMRS
When OCC is applied to NPUSCH format 1 single-tone case, the resource mapping of NDMRS should take the compatibility with legacy UEs into account. In other words, multiplexing between a R19 UE and a legacy UE should be supported. Within this principle, for NDMRS TDM scheme, no new location for NDMRS is expected. For a UE, no NDMRS is transmitted in some slots while for some other UEs, NDMRS is transmitted in these slots, as shown in Figure 13(a). In this case, at least 2 slots are required to perform TDMed NDMRS. As for NDMRS CDM scheme, time domain locations of NDMRS for different UEs should be the same, and no new location for NDMRS is expected as well. For example, NDMRS in different slots can multiply OCC code, as shown in Figure 13(b). Similarly,  at least 2 slots are required to perform CDMed NDMRS.
Observation 14: When OCC is applied to NPUSCH format 1 single-tone case, at least 2 slots are required to perform TDMed NDMRS or CDMed NDMRS.
Proposal 3: When OCC is applied to NPUSCH format 1 single-tone case, the symbols for placing NDMRS symbol should be unchanged to take the compatibility with legacy UEs into account.

(a) example of TDMed NDMRS

(b) example of CDMed NDMRS
Figure 13. examples of NDMRS schemes when OCC is applied

NPRACH
In Rel-18 IoT NTN, only FDD mode is considered. According to WID above, OCC is considered for NPRACH with 3.75kHz SCS. Based on the specification, one NPRACH preamble repetition unit consists of multiple symbol groups. The structure of a symbol group is illustrated in Figure 14, it consists of a CP of length  and a sequence of  identical symbols with total length. The total number of symbol groups in a preamble repetition unit is denoted by . 
 [image: ]
Figure 14. example of a symbol group for NPRACH preamble
According to Table 10.1.6.1-1 in TS36.211, one NPRACH preamble for format 0 and format 1 consists of 4 symbol groups, with each symbol group comprising one CP and 5 symbols. 
[bookmark: _Hlk159167533][bookmark: _Hlk515117179]Table 10.1.6.1-1 in TS36.211: Random access preamble parameters for frame structure type 1
	Preamble format
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	0
	4
	4
	5
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	1
	4
	4
	5
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	2
	6
	6
	3
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	3



The CP length is 66.67 us (format 0) for cell radius up to 10 km and 266.7 us (format 1) for cell radius up to 40 km. Each symbol is modulated on a 3.75 kHz tone  with fixed symbol value 1 and symbol duration of 266.67 us. However, the tone frequency index changes from one symbol group to another. An example of NPRACH frequency hopping is illustrated in Figure 15. 
[image: ]
Figure 15. example of a preamble
Due to the single-subcarrier frequency-hopping waveform, frequency domain OCC is not applicable for NPRACH. 
Time domain OCC can be considered for NPRACH instead. However, in initial access, it is challenging to maintain the orthogonality of OCCs among different UE due to varying timing offsets among the UEs. Implementing OCC among UEs with asynchronous timing would result in interference, defeating the purpose of employing OCC to improve capacity. Furthermore, in our understanding, the legacy IoT-NTN already allows 12 orthogonal NPRACH within a single RB, thus NPRACH is not a bottleneck channel limiting UL capacity. 
As agreed in last meeting, the granularity of time domain OCC for NPRACH could be intra-symbol group, inter-symbol group(s), and inter-repetition, and NPRACH format 2 is not considered for OCC. For intra-symbol group OCC, 5 symbols length in one symbol group would require a new OCC sequence with a length of 5. Alternatively, intra-symbol group OCC can be achieved by reusing existing OCC-4 with one symbol without OCC. However, compared to legacy NPRACH, which carries all ‘1’ in each symbol to ensure robust detection performance via signal combination, the performance of NPRACH with OCC will degrade. For inter-symbol group OCC and inter-repetition OCC, in order to ensure the orthogonality among a set of multiplexed UEs, the same frequency pattern should be ensured, e.g. same starting sub-carriers. Moreover, after signal superposition from multiplexed UEs, some signal cancellation could occur at the receiver. For example, a superimposed signal in a symbol group with two opposite OCC code can be canceled when inter-symbol group OCC is applied, or the superimposed signal in a repetition unit with two opposite OCC codes can be canceled when inter-repetition OCC is applied. 
In conclusion, whether to support NPRACH OCC enhancement should be further evaluated and justified, and enhancement via OCC for NPRACH could be de-prioritized in Rel-19 IoT NTN. 
Observation 15: The following issues for NPRACH OCC schemes should be resolved.
· asynchronous timing among multiplexed UEs
· potential new OCC sequence with a length of 5
· detection performance loss
· how to ensure the same hopping pattern
· potential signal cancellation

3. Simulations for NPUSCH OCC
To evaluate the above schemes, simulations based on the following assumptions are performed.
Table 1. Link-level simulation assumptions for NPUSCH transmission
	
	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
For GEO, no variation of frequency error
For LEO, consider frequency error drift: 80us/s


	
	Timing error
	0

	
	Power imbalance
	0

	transmitter 
	SCS
	15kHz
	15kHz

	
	Number of tones
	Single tone 
	12 tones

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

	
	DMRS configuration 
	OS#4 per slot for 15kHz
	OS#4 per slot for 15kHz

	
	Number of resource unit () 
	1

	1

	
	Modulation order 
	QPSK

	QPSK

	
	TBS ()
	16bits

	208bits

	
	Number of repetitions ()
	16 repetitions


	
	OCC length 
	2

	
	OCC sequence
	[-1 -1]

	
	Number of UE
	2

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation



Multi-tone case (12 tones)
In the simulation, the baseline for evaluating the above OCC schemes is as below:
· ‘Baseline’: one UE scheduled with 1RU and 16 repetitions, no UE multiplexing. 
· ‘Intra-symbol OCC’: 2 UEs apply intra-symbol OCC (pre-DFT block-wise spreading), note that power boosting is not considered in this case. 
· ‘Inter-symbol OCC’: 2 UEs apply inter-symbol OCC.
· ‘Inter-slot OCC’: 2 UEs apply inter-slot OCC.
· ‘Inter-repetition OCC’: 2 UEs apply inter-repetition OCC.
· ‘Inter-RV OCC’: 2 UEs apply inter-RV OCC.
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	Figure 16. simulation results for GEO
	Figure 17. simulation results for LEO600


For GEO, there is no significant difference in performance for inter-RV/inter-repetition/inter-slot OCC schemes, and the performance of inter-RV/inter-repetition/inter-slot OCC shows almost 1.61 dB loss @10% BLER compared with the baseline. However, the performance of intra-symbol OCC and inter-symbol OCC shows almost 2.98dB and 3.74dB loss @10% BLER compared with the baseline, respectively.
For LEO, there is no significant difference in performance for inter-RV/inter-repetition/inter-slot OCC schemes, and the performance of inter-RV/inter-repetition/inter-slot OCC shows almost 1.72dB loss @10% BLER compared with the baseline. However, the performance of intra-symbol OCC and inter-symbol OCC is similar and shows almost 2.52dB loss @10% BLER compared with the baseline, respectively.
Observation 16: For GEO NPUSCH 12-tone case, compared with the baseline, the performance of inter-RV/inter-repetition/inter-slot OCC is similar and shows almost 1.61 dB loss @10% BLER, while intra-symbol and inter-symbol OCC shows almost 2.98dB and 3.74dB performance loss @10% BLER, respectively.
Observation 17: For LEO NPUSCH 12-tone case, compared with the baseline, the performance of inter-RV/inter-repetition/inter-slot OCC is similar and shows almost 1.72dB loss @10% BLER, while intra-symbol/inter-symbol OCC shows almost 2.52dB performance loss @10% BLER.

Single-tone case
In the simulation, the baseline for evaluating the above OCC schemes is as below:
· ‘Baseline’: one UE scheduled with 1RU and 16 repetitions, no UE multiplexing 
· ‘Inter-symbol OCC’: 2 UEs apply inter-symbol OCC.
· ‘Inter-slot OCC’: 2 UEs apply inter-slot OCC.
· ‘Inter-repetition OCC’: 2 UEs apply inter-repetition OCC, note that the value of  is set to 2.
· ‘Inter-RV OCC’: 2 UEs apply inter-RV OCC.
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	Figure 18. simulation results for GEO
	Figure 19. simulation results for LEO600


For GEO, the performance of inter-repetition/inter-slot/inter-symbol OCC schemes is similar, while inter-RV OCC schemes show slightly worse performance. Compared with the baseline, inter-repetition/inter-slot/inter-symbol OCC shows almost 3.36dB performance loss @10% BLER, while inter-RV OCC shows almost 3.84dB performance loss @10% BLER.
For LEO, inter-slot OCC shows slightly better performance than inter-repetition/inter-symbol OCC schemes, while inter-RV OCC schemes show slightly worse performance. Compared with the baseline, inter-slot/inter-repetition/inter-symbol/inter-RV OCC shows almost 2.57dB, 2.78dB, 3.19dB, 3.89dB performance loss @10% BLER, respectively.
Observation 18: For GEO NPUSCH single-tone case, compared with the baseline, the performance of inter-repetition/inter-slot/inter-symbol OCC is similar and shows almost 3.36dB loss @10% BLER, while inter-RV OCC shows almost 3.84dB performance loss @10% BLER.
Observation 19: For LEO NPUSCH single-tone case, compared with the baseline, inter-slot/inter-repetition/inter-symbol/inter-RV OCC shows almost 2.57dB, 2.78dB, 3.19dB, 3.89dB performance loss @10% BLER, respectively. 

4. Conclusion
In this contribution, we provide our views on IoT NTN uplink capacity enhancement. According to the discussions, we have the following observations and proposals: 
Observations 1: For NPUSCH format 1 OCC schemes, the time spanning of applying an OCC sequence should not be across the any of the following: a RV block(i.e., a slot block with the same RV), a sub-TB block(i.e., each  slots within a RV block), or one segment(if configured).
Observations 2: For inter-symbol OCC under NPUSCH single-tone case, the resource mapping in time domain need to be changed.
Observations 3: For inter-slot OCC under NPUSCH single-tone case, the resource mapping in time domain would be changed.
Observations 4: Under NPUSCH single-tone case, inter-RV OCC is equivalent to inter-repetition OCC due to .
Observations 5: For support of inter-RV/inter-repetition OCC under NPUSCH single-tone case, the total repetition number  should not be less than 4.
Observations 6: For support of inter-repetition OCC under NPUSCH single-tone case, the value of  could be modified.
Observations 7: For inter-RV OCC under NPUSCH multi-tone case, the legacy resource mapping and RV determination could remain unchanged.
Observations 8: For support of inter-RV OCC under NPUSCH multi-tone case, the total repetition number  should not be less than 16.
Observations 9: For inter-repetition OCC under NPUSCH multi-tone case, if resource mapping remains unchanged, the OCC length should not exceed .
Observations 10: For inter-slot(s) OCC under NPUSCH multi-tone case, if resource mapping remains unchanged,  inter-slot OCC scheme could be equivalent to inter-repetition OCC scheme.
Observations 11: For inter-symbol OCC under NPUSCH multi-tone case, the resource mapping in the time domain would be changed.
Observations 12: For intra-symbol OCC under NPUSCH multi-tone case, the resource mapping in frequency domain would be changed.
Observations 13: Under NPUSCH multi-tone case, there is no unified design for intra-symbol OCC for different tone case.
Observation 14: When OCC is applied to NPUSCH format 1 single-tone case, at least 2 slots are required to perform TDMed NDMRS or CDMed NDMRS.
Observation 15: The following issues for NPRACH OCC schemes should be resolved.
· asynchronous timing among multiplexed UEs
· potential new OCC sequence with a length of 5
· detection performance loss
· how to ensure the same hopping pattern
· potential signal cancellation
Observation 16: For GEO NPUSCH 12-tone case, compared with the baseline, the performance of inter-RV/inter-repetition/inter-slot OCC is similar and shows almost 1.61 dB loss @10% BLER, while intra-symbol and inter-symbol OCC shows almost 2.98dB and 3.74dB performance loss @10% BLER, respectively.
Observation 17: For LEO NPUSCH 12-tone case, compared with the baseline, the performance of inter-RV/inter-repetition/inter-slot OCC is similar and shows almost 1.72dB loss @10% BLER, while intra-symbol/inter-symbol OCC shows almost 2.52dB performance loss @10% BLER.
Observation 18: For GEO NPUSCH single-tone case, compared with the baseline, the performance of inter-repetition/inter-slot/inter-symbol OCC is similar and shows almost 3.36dB loss @10% BLER, while inter-RV OCC shows almost 3.84dB performance loss @10% BLER.
Observation 19: For LEO NPUSCH single-tone case, compared with the baseline, inter-slot/inter-repetition/inter-symbol/inter-RV OCC shows almost 2.57dB, 2.78dB, 3.19dB, 3.89dB performance loss @10% BLER, respectively. 
[bookmark: _GoBack]Proposal 1:  A unified design based on time domain OCC both for single-tone and multi-tone NPUSCH is preferred. 
Proposal 2: Prioritize the discussion of OCC schemes for single-tone case.
Proposal 3: When OCC is applied to NPUSCH format 1 single-tone case, the symbols for placing NDMRS symbol should be unchanged to take the compatibility with legacy UEs into account.
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