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In the RAN1#116bis, there were some discussions on UL OCC schemes and simulation assumption for IoT NTN.  Some agreements with simulation assumptions were approved as following.

	Agreement
For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:
	DMRS configuration 
	For baseline evaluations:
OS#4per slot for 3.75kHz
OS#3per slot for 15kHz

For OCC evaluations:
Up to proponent

	For baseline evaluations:
OS#3per slot for 15kHz

For OCC evaluations:
Up to proponent




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
The following evaluation assumptions are used for the study of OCC for NPRACH:
	
	Parameter
	value

	Scenario
	Orbit and elevation angle
	GEO at 12.5 degrees; LEO600 at 30 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 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs
Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	Transmitter
	NPRACH format
	1 or 0

	
	MIMO scheme
	SISO

	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to proponent

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to proponent

	
	Velocity of UE
	3km/h

	
	Total NPRACH time / frequency resource utilisation
	To be reported by proponent. 


	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	SNR operating point
	Report SNR where target detection probability and false alarm probability are reached for baseline and OCC schemes



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.
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]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.






As discussed in past meeting, the NPUSCH format1 capacity enhancement was with high priority. The time domain OCC method has been treated as the baseline, such as symbol-level, slot-level, repetition-level and RV-level. In this document, following the assumptions decided in last meeting, the evaluation results of uplink capacity enhancements for NPUSCH format1 in IoT-NTN will be further discussed.
Enhancement to NPUSCH format 1
0. Performance analysis of NPUSCH with OCC 
In this section, we discuss the possible performance gain of NPUSCH format1 using OCC with slot level as an example. Figure 1 shows the simulation results for single user, two users, and four users without considering CFO and TO.
[image: ]
Figure 1 Comparison of slot-OCC and slot-OCC without CFO&TO
As can be seen from the figure above, when CFO and TO are not considered, the difference in the number of users, that is, whether OCC or not, has a negligible impact on the performance of NPUSCH.

Figures 2 and figure 3 are the performance simulation results for slot level OCC2 and OCC4 when considering CFO and TO.
[image: ]
Figure 2 Simulation results of slot level OCC2 of 2 UEs with CFO&TO

[image: ]
Figure 3 Simulation results of slot level OCC4 of 4 UEs with CFO&TO

As can be seen from figures 2 and 3, OCC2 and OCC4 will decrease BLER performance due to the presence of CFO and TO. 

Observation 1：The adoption of OCC degrades BLER performance to some extent when considering CFO and TO compared to single-user transmission.


Figure 4 shows the throughput simulation results of slot level OCC.
[image: ]
Figure 4 Simulation results of throughput for slot level OCC

As can be seen from the figure above, the addition of multi-user OCC has greatly increased the throughput performance of NPUSCH format1 compared to single-user. The presence of CFO and TO causes throughput performance to decline, but OCC4 performance is better than that of OCC2 overall. Considering BLER and throughput, an OCC sequence length of 4 might be the optimal choice.

Observation 2：Compared with single-user without OCC, the adoption of OCC greatly improves the throughput performance of NPUSCH format1.

Proposal 1：Depending on BLER and throughput performance, as well as implementation complexity, the OCC sequence length can be configured up to 4.
0. Time domain OCC schemes
In this section, the time domain OCC schemes of single-tone NPUSCH format1 and multi-tone NPUSCH format1 are discussed.
Single-tone NPUSCH format1
In this section, the slot level OCC scheme is taken as an example，the single-tone case is discussed with subcarrier space 15 kHz, 1RU, 2 repetitions and TBS-index0. The BLER performance is shown in following figure.

[image: ]
Figure 5 Simulation results of slot level OCC for single-tone

As can be seen from the figure above, slot-OCC2 has an SNR loss of about 0.5dB when the BLER target is 10% compared to single-user. The throughput performance is shown in the figure 6.

[image: ]
Figure 6 Comparison of throughput simulation results for slot level OCC

As can be seen from the figure above, the throughput performance of slot-OCC2 increases rapidly compared with that of single-user, and the adoption of OCC will significantly improve the throughput performance. 
In addition, the adoption of OCC for single-tone NPUSCH should consider the problem of DMRS. There are already two options at the #116bis meeting: TDM and CDM. For the TDM scheme, the DMRS time domain positions of different UEs are different, and the DMRS symbols do not use OCC. In the CDM scheme, the DMRS symbols need to be extended together with the data symbols, and the DMRS time-domain positions of different UE are the same, so it is not necessary to introduce different DMRS sequences for different UE. From the perspective of minimal spec impact, CDM can be used as a DMRS enhancement scheme.   
               
Observation 3：Single-tone NPUSCH with OCC2 results in a 0.5dB loss in SNR and a significant increase in throughput.
Observation 4：When NPUSCH format1 adopts single-tone transmission, TDM based DMRS solution can be implemented by assigning different DMRS time domain locations to different terminals, while CDM employs the same OCC operations for DMRS symbols as for data symbols. CDM scheme seems simpler since OCC can be used for data symbols and DMRS symbols together.
Proposal 2：For single-tone NPUSCH format1, DMRS symbols using CDM scheme is preferred.

Multi-tone NPUSCH format1
In this section, for multi-tone NPUSCH format1, the symbol level OCC scheme and slot level OCC scheme are discussed respectively. For the multi-tone case, the 12 SCS with 2RU and 8 repetitions are simulated. The TBS index is 8 for example. The performance simulation of multi-tone NPUSCH format1 with symbol level OCC is shown in Figure 7.
[image: ]
Figure 7 Simulation results of symbol level OCC of 2 UEs with CFO &TO
As can be seen from the figure above, multi-tone NPUSCH adopts symbol-level OCC scheme, the introduction of CFO and TO will worsen the BLER performance of NPUSCH, and the different change frequency of CFO will also have different effects on the performance. Because NPUSCH format1 has six symbols except DMRS symbols in one slot, when the length of OCC sequence is 4, it needs to be transmitted across slots, OCC orthogonality will be destroyed, the implementation complexity is high, and the performance will be greatly degraded.
Observation 5：Multi-tone NPUSCH using symbol level OCC scheme will bring loss of BLER performance.
The performance simulation of multi-tone NPUSCH format1 with slot level OCC is shown in Figure 2, Figure 3 and Figure 4. It is observed that the introduction of CFO and TO will also destroy the OCC orthogonality and lead to poor performance. In addition, compared with slot level OCC4 and slot level OCC2, the increase in the number of users on the one hand causes the decline of BLER performance, but on the other hand, regardless of whether CFO and TO are considered, there will be a significant improvement in throughput performance. Repetition/RV-level OCC has the worst performance compared to symbol-level OCC and slot-level OCC due to its long time span. Although slot level OCC will have BLER performance loss, its throughput will be greatly increased and the implementation is simple, then we can consider the slot level OCC as the enhancement scheme of multi-tone NPUSCH format1.
Observation 6：Multi-tone NPUSCH using slot level OCC scheme will bring loss of BLER performance, but with obvious throughput improvement.
Proposal 3: For multi-tone NPUSCH, the slot level OCC scheme is simple to implement, and it is considered as the baseline scheme of IoT-NTN.  

Possibility of a common scheme
From the above research, it can be found that both single-tone and multi-tone NPUSCH format1 can be enhanced by OCC. Therefore, it should not simply decide to study only single-tone or multi-tone, the optimal solution is to propose a common scheme to support single-tone and multi-tone both. According to the agreement reached at the last meeting, the length of the OCC sequence should not exceed 4. Through the above analysis, it is found that repetition/RV-level OCC is more susceptible to time migration and has poor performance due to the longer time span. Symbol-level OCC has only 6 data symbols per slot, and OCC4 requires transmission across slots to introduce higher complexity. Although slot-level OCC is also affected by CFO and TO, its implementation is simpler, which does not need to modify the existing NPUSCH architecture, and has minimal impact on the spec, so the slot level OCC scheme is considered as the common scheme of single-tone and multi-tone. 
Observation 7：For NPUSCH, the slot-level OCC scheme is simpler to implement and will have less impact to specification.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 4：RAN1 considers the slot level OCC scheme as a common scheme for single-tone NPUSCH format1 and multi-tone NPUSCH format1.
Enhancement to NPRACH 
At the #116bis meeting, the agreement regarding the NPRACH OCC scheme were:
· Intra-symbol group OCC
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Inter-symbol group(s) OCC
· Inter-repetition OCC 
For intra-symbol group OCC scheme, originally a symbol group contains exactly the same 5 symbols except CP, if OCC is adopted, the length of 5 OCC sequence is required, and the 5 symbols will also be changed, which will have a greater impact on the spec. As shown in the figure 8, because there is no CP between adjacent symbols in a symbol group, there will be greater interference when multiple users share the same subcarrier.


Figure 8 Symbol level OCC based PRACH format
For inter-symbol group(s) OCC and inter-repetition OCC schemes, although they will not affect the symbol group architecture, the time span becomes longer after adopting OCC, and it is susceptible to synchronization error. In addition, arrival timing of different UE will accelerate the deterioration of OCC orthogonality, causing higher error probability of receiver detection, thus affecting the reliability. As shown in the figure 9, the OCC sequence is frequency-hopping within the NPRACH symbol group, which may affect the phase continuity and timing advance accuracy.


Figure 9 Group level OCC based PRACH format
Generally, in the initial access stage, the NPRACH capacity is not very shortage due to user random distribution. 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. 
Moreover, the OCC is hard to use under existing structure of NPRACH, it may require new NPRACH format design. So it will incur significant working load. In current NPRACH format, only one CP is used for multiple preamble repetition. In the initial access, UL timing error would be large, so in order to use OCC, one additional CP will be inserted for each preamble symbol. Then it will require much standardization efforts.
Overall, though in study phase, simulation evaluation and scheme analysis are not precluded, we don’t expect change the PRACH format to address the synchronization error in PRACH transmission. We propose to deprioritize enhancement of NPRACH considering the limited TU in Rel-19.
Proposal 5: Considering the workload and necessity, it is suggested to deprioritize the NPRACH enhancement of IoT NTN. 
Conclusion
In this contribution, the preliminary simulation resutls of OCC for NPUSCH format 1 in IoT-NTN are discussed, and a few of observations and proposals are made as following:
Observation 1：The adoption of OCC degrades BLER performance to some extent when considering CFO and TO compared to single-user transmission.
Observation 2：Compared with single-user without OCC, the adoption of OCC greatly improves the throughput performance of NPUSCH format1.
Observation 3：Single-tone NPUSCH with OCC2 results in a 0.5dB loss in SNR and a significant increase in throughput.
Observation 4：When NPUSCH format1 adopts single-tone transmission, TDM based DMRS solution can be implemented by assigning different DMRS time domain locations to different terminals, while CDM employs the same OCC operations for DMRS symbols as for data symbols. CDM scheme seems simpler since OCC can be used for data symbols and DMRS symbols together. 
Observation 5：Multi-tone NPUSCH using symbol level OCC scheme will bring loss of BLER performance.
Observation 6：Multi-tone NPUSCH using slot level OCC scheme will bring loss of BLER performance, but with obvious throughput improvement.
Observation 7：For NPUSCH, the slot-level OCC scheme is simpler to implement and will have less impact to specification. 

Proposal 1：Depending on BLER and throughput performance, as well as implementation complexity, the OCC sequence length can be configured up to 4.
Proposal 2：For single-tone NPUSCH format1, DMRS symbols using CDM scheme is preferred.
Proposal 3: For multi-tone NPUSCH, the slot level OCC scheme is simple to implement, and it is considered as the baseline scheme of IoT-NTN.  
Proposal 4: RAN1 considers the slot level OCC scheme as a common scheme for single-tone NPUSCH format1 and multi-tone NPUSCH format1.
Proposal 5: Considering the workload and necessity, it is suggested to deprioritize the NPRACH enhancement of IoT NTN.
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