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Introduction
For the WI Non-Terrestrial Networks (NTN) for NR Phase 3[1], in RAN1#116bis, the following agreements have been made.
	[bookmark: _Hlk164098130]Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS
Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects


In this contribution, the views on UL capacity enhancement are further elaborated based on the progress.
Discussion on UL capacity enhancement
Analysis on OCC techniques
Inter-slot time domain OCC
In NR specification, the PUSCH transmission of repetitions with repetition type A are configured in slot. Then, for the application of OCC in time domain, the most straightforward way is to associate the OCC sequence with repetitions, i.e., each element of the OCC sequence is mapped to each repetition(s) as shown in Figure 1. In this way, the legacy resource mapping method will be maintained which is also aligned with the processing of repeated transmission with limited efforts to support the de-OCC operation, i.e., OCC combination among repetitions can be done with the knowledge of different OCC sequences for different UEs, then the per UE signal can be extracted from the superimposed signal. Therefore, the spec effort and implementation complexity are limited for inter-slot time domain OCC. However, when frequency offset exists, the accumulated phase error may have impacts on the performance with large number of multiplexed UE, which highly depends on the requirements for enhancement. 
Regarding combination of TBoMS with inter-slot OCC scheme, after the application of TBoMS, the granularity for performing OCC is increased, i.e. each OCC code has to be applied for more than 1 slots, which brings more difficulty on maintaining the orthogonality among the time domain units for performing OCC, so it’s not appropriate to consider TBoMS along with inter-slot time domain OCC.
In addition, OCC application requires the content of each repetition is exactly the same, so the redundancy version for different repetitions should be kept the same, e.g. always 0.
Observation 1: Inter-slot time domain OCC can provide the promising gain with limited spec effort and implementation complexity considering the tolerance to frequency offset.
Observation 2: TBoMS is not required to be configured along with inter-slot time domain OCC.
Proposal 1: In NR NTN with inter-slot time domain OCC, the redundancy versions for different repetitions should be kept the same.
Inter-symbol time domain OCC
For the in inter-symbol time domain OCC, as the example shown in Figure 1, different OCC elements are applied on the symbols in a slot by assuming same content is carried over the repeated symbols within one slot.  In this way, the repetition is in symbol level so that the phase error due to frequency offset would be quite small in different symbols, then the channel information among different OCC elements, i.e. symbols, has much smaller gap than inter-slot time domain OCC. 
However, to achieve it, it requires the content of multiple adjacent symbols to be the same, and the legacy resource mapping cannot be reused. In this new resource mapping, we need to first decide on a total duration of transport block, the transport block can then be divided into multiple individual symbols, if repetition is configured, each symbol will be repeated and mapped in adjacent positions, then different symbol groups are connected with each other. In short, the repetition is performed in granularity of symbols instead of slots compared with inter-slot time domain OCC.
Then, to avoid the case that the coding rate would exceed 1, the TBoMS (i.e., mapping one TB over multiple slots) will be mandated along with the updates of resource mapping within one slot, i.e., enhanced TBoMs, in which, one transport block has to be mapped to multiple slots, and in each slot, per symbol repetition with OCC is performed
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[bookmark: _Ref166051327]Figure 1Illustration of inter-slot time domain OCC and inter-symbol time domain OCC
Observation 3: Inter-symbol time domain OCC requires significant change on the legacy resource mapping.
Observation 4: Inter-symbol time domain OCC has higher tolerance to frequency offset.
Observation 5: Inter-symbol time domain OCC is feasible only if the enhanced TBoMS is jointly supported to maintain reasonable coding rate.
Intra-symbol pre-DFT-s OCC
Intra-symbol pre-DFT-s OCC refers to application of OCC across REs, that is to say, different OCC element can be applied on different REs with the same content, it requires the original data mapping to be further spreading in frequency domain, which is not allowed in current specification. 
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[bookmark: _Ref166052596]Figure 2 An example of length 2 Intra-symbol Pre-DFT OCC
As shown in Figure 2, the Intra-symbol Pre-DFT OCC procedure is between the modulation module and DFT module, assuming that the OCC length is 2, the allocated frequency domain resource is 1 RB, the modulated symbols will be mapped in half of the frequency domain resources, i.e. 6 REs, then frequency domain spreading would be performed to repeat the 6 REs into 1 RB, each 6 REs are multiplied with an element of the OCC sequence.
Actually, the Intra-symbol Pre-DFT OCC is a method of comb-like frequency domain multiplexing, in case of limited frequency resources, the Intra-symbol Pre-DFT OCC would require the coding rate to be much larger than inter-slot OCC, since the actual utilized frequency domain resource is only half of the total frequency domain resource. Furthermore, the total spectrum resources available to the network will be limited especially in the early phases of NR NTN deployments, but the frequency domain spreading would probably need more frequency domain resource when maintaining the reasonable code rate. In addition, the frequency domain spreading may also have impact on the PAPR since multiple repeated symbols are mapped in the different REs. Frequency domain spreading also poses higher requirements for transmission power, which is not desirable for NTN UEs.
Similarly, to maintain reasonable coding rate, intra-symbol Pre-DFT OCC may also have to be jointly configured with TBoMS in some scenarios, e.g. VoIP scenario with relatively higher coding rate, otherwise, error floor may occur when multiplexing more than 2 UEs. 
Observation 6: OCC within symbol may have impact on the required frequency domain resources, coding rate, PAPR and transmission power.
Observation 7: Intra-symbol Pre-DFT OCC is feasible only if the TBoMS is jointly supported to maintain reasonable coding rate in some scenarios.
Simulation on OCC techniques
In the following, the evaluations are conducted according to the assumption listed in Appendix for performance comparison cross following schemes:
· Inter-slot time domain OCC without TBoMS
· Inter-symbol time domain OCC with enhanced TBoMS
· Intra-symbol pre-DFT OCC without TBoMS
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[bookmark: _Ref166052622]Figure 3 Performance of OCC techniques in VoIP scenario(left) and low data rate scenario(right)
From BLER’s perspective, as shown in Figure 3, it can be observed that:
· In VoIP scenario
· For inter-slot time domain OCC without TBoMS, at least 2 UEs can be supported without performance degradation @2% BLER.
· For inter-symbol time domain OCC with TBoMS, at least 4 UEs can be supported without performance degradation @2% BLER.
· For intra-symbol pre-DFT OCC without TBoMS, more than 3dB performance degradation can be observed for multiplexing 2 UEs. For 4 UE multiplexing, the BLER is always 1 since the coding rate is larger than 1.
· In Low data rate scenario
· For inter-slot time domain OCC without TBoMS, at least 4 UEs can be supported without performance degradation @10% BLER.
· For inter-symbol time domain OCC with TBoMS, at least 4 UEs can be supported without performance degradation @10% BLER.
· For intra-symbol pre-DFT OCC without TBoMS, 2 UE multiplexing has 1.5dB performance degradation compared to single UE @10% BLER, 4 UE multiplexing has 2.5dB performance degradation compared to single UE @10% BLER. 
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Figure 4. Aggregated throughput of OCC techniques in VoIP scenario(left) and low data rate scenario(right)
From throughput’s perspective, as shown in Figure 4, it can be observed that:
· In VoIP scenario, when SNR =  -5.1 dB, i.e. SNR@ single UE 2% BLER, 
· For 2 UE multiplexing, inter-slot time domain OCC without TBoMS and inter-symbol time domain OCC with enhanced TBoMS have similar aggregated throughput(i.e. 18kbps), intra-symbol pre-DFT OCC without TBoMS(i.e. 16kbps) is slightly worse than the other 2 schemes, but all three schemes can significantly improve the aggregated throughput compared to single UE baseline(i.e. 9kbps). 
· For 4 UE multiplexing, inter-slot time domain OCC without TBoMS(i.e. 35kbps) and inter-symbol time domain OCC with enhanced TBoMS(i.e. 36kbps) have similar aggregated throughput, these 2 schemes can significantly improve the aggregated throughput compared to single UE baseline(i.e. 9kbps). Intra-symbol pre-DFT OCC cannot work due to the coding rate exceeding 1.
· In Low data rate scenario, when SNR =  -11.5 dB, i.e. SNR@ single UE 10% BLER, 
· For 2 UE multiplexing, inter-slot time domain OCC without TBoMS and inter-symbol time domain OCC with enhanced TBoMS have similar aggregated throughput(i.e. 5.3kbps), intra-symbol pre-DFT OCC without TBoMS(i.e. 4.8kbps) is slightly worse than the other 2 schemes, but all three schemes can significantly improve the aggregated throughput compared to single UE baseline(i.e. 2.7kbps). 
· For 4 UE multiplexing, inter-slot time domain OCC without TBoMS(i.e. 10.7kbps) and inter-symbol time domain OCC with enhanced TBoMS(i.e. 10.7kbps) have similar aggregated throughput, intra-symbol pre-DFT OCC without TBoMS(i.e. 8.6kbps) is worse than the other 2 schemes, but all three schemes can significantly improve the aggregated throughput compared to single UE baseline(i.e. 2.7kbps). 
It can be seen from the results that, for inter-slot time domain OCC, at least 4 UEs can be supported in VoIP scenario and  Low data rate scenario with significant throughput improvement compared to single UE performance For inter-symbol time domain OCC and intra-symbol pre-DFT OCC, significant performance degradation can be observed if TBoMS is not configured, however, the joint configuration of TBoMS and these OCC techniques would further increase the overall spec impact and complexity. Then, given the potential complexity on the spec changes as mentioned in section 2.1, OCC across slots should be considered. 
Observation 8: For inter-slot time domain OCC without TBoMS, at least 2 UEs in VoIP scenario and at least 4 UEs in Low data rate scenario can be supported without BLER performance degradation.
Observation 9: For inter-slot time domain OCC without TBoMS, at least 4 UEs can be supported in VoIP scenario and  Low data rate scenario with significant throughput improvement compared to single UE performance.
Proposal 2: Considering the trade-off between performance and specification impact, inter-slot time domain OCC should be supported.
Conclusion
In this contribution, the simulation assumption and OCC design are discussed with following observations and proposals.
Observation 1: Inter-slot time domain OCC can provide the promising gain with limited spec effort and implementation complexity considering the tolerance to frequency offset.
Observation 2: TBoMS is not required to be configured along with inter-slot time domain OCC.
Observation 3: Inter-symbol time domain OCC requires significant change on the legacy resource mapping.
Observation 4: Inter-symbol time domain OCC has higher tolerance to frequency offset.
Observation 5: Inter-symbol time domain OCC is feasible only if the enhanced TBoMS is jointly supported to maintain reasonable coding rate.
Observation 6: OCC within symbol may have impact on the required frequency domain resources, coding rate, PAPR and transmission power.
Observation 7: Intra-symbol Pre-DFT OCC has to be jointly configured with TBoMS to maintain reasonable coding rate in some scenarios.
Observation 8: For inter-slot time domain OCC without TBoMS, at least 2 UEs in VoIP scenario and at least 4 UEs in Low data rate scenario can be supported without BLER performance degradation.
Observation 9: For inter-slot time domain OCC without TBoMS, at least 4 UEs can be supported in VoIP scenario and  Low data rate scenario with significant throughput improvement compared to single UE performance.
Proposal 1: In NR NTN with inter-slot time domain OCC, the redundancy versions for different repetitions should be kept the same.
Proposal 2: Considering the trade-off between performance and specification impact, inter-slot time domain OCC should be supported.
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Appendix
	Parameter
	Value

	Channel model
	NTN-TDL-C Rural, 30° elevation angle

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	UE speed
	3 km/h

	Frequency hopping
	No frequency hopping

	PUSCH mapping type A with
	14 OS- for OCC across slots including DMRS

	HARQ configuration
	No HARQ

	Channel coding
	LDPC

	TBS
	184 bits for VoIP, 96 bits for Low data rate

	DMRS configuration
	1 port per UE
Double-symbol DMRS

	PRBs
	2 PRBs

	Max repetition number
	20 for VoIP, 32 for low data rate

	OCC length
	2, 4

	OCC sequence
	DFT sequence in Table 6.3.2.6.3-2 in TS38.211

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	TO
	Uniform selection from [-0.94us, 0.94us]

	FO
	Uniform selection from [-0.1 ppm, +0.1 ppm]

	Receiver algorithm
	MMSE

	Channel estimation
	Real channel estimation
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