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0 Introduction

[bookmark: _Toc97215355]0.1 Background
In RAN#102 [1], a new WID on NR NTN enhancements was endorsed for Release 19 [1]. 
This Feature Lead summary aims to discuss issues on Uplink Capacity/Throughput Enhancement for FR1-NTN based on companies contributions and discussions in Ran1#116. 
The related objective in the WID on NR NTN enhancements was endorsed for Release 19 is copied below:
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

0.2 Contact Information
Please help to fill in the contact information for the FL summary.
	Company
	Name
	E-mail

	CMCC
	Yi Zheng 
Ting Ke
Yongchang Liu
	Zhengyi@chinamobile.com
keting@chinamobile.com
liuyongchang@chinamobile.com 

	China Telecom
	
	

	DoCoMo
	
	

	OPPO
	Hao Lin
	v-linhao1@oppo.com 

	OPPO
	Zuomin Wu
	wuzuomin@oppo.com

	OPPO
	Nande Zhao
	zhaonande@oppo.com

	Huawei, HiSilicon
	
	

	ZTE
	Nan Zhang
	zhang.nan152@zte.com.cn

	ZTE
	Fangyu Cui
	cui.fangyu@zte.com.cn

	Nokia, NSB
	Frank Frederiksen
	Frank.frederiksen@nokia.com 

	Ericsson
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	Spreadtrum
	
	

	Qualcomm
	
	

	Lenovo
	
	

	Xiaomi
	
	

	Samsung
	
	

	Apple
	Chunxuan Ye
Chunhai Yao
	Chunxuan_ye@apple.com
Chunhai_yao@apple.com

	SONY
	
	

	LG
	
	

	Dell
	
	

	NEC
	
	

	Panasonic
	
	

	Sharp
	
	

	Google
	
	

	ETRI
	
	

	NICT
	Masafumi Moriyama
	m.moriyama@nict.go.jp

	NICT
	Michiharu Nakamura
	michi.nakamura@nict.go.jp

	InterDigital
	
	

	MediaTek (Moderator)
	Gilles Charbit
	Gilles.charbit@mediatek.com 



[bookmark: _Hlk159350936]1 [CLOSED] Evaluation Methodology
1.1 Company contributing views
	Contribution
	Observation/Proposals

	Ericsson [2]
	Proposal 1: Reuse assumptions on scenarios and simulation assumptions from the Rel-18 coverage enhancement study when relevant.
Proposal 2: Use LEO 600 as reference scenarios for performance evaluations of OCC.
Proposal 3: For link level evaluation of PUSCH with OCC in LEO 600, SNRs down to -2.7-10log10(#PRBs) dB should be considered.
Observation 1: The orthogonality of OCC applied in time domain will be degraded if the signals from multiplexed UEs are subject to different amounts of time drift.
Observation 2: The time drift due to satellite movement in a LEO 600 network can be up to 90.8 ppm.
Observation 3: The range of time drift due to satellite movement of received signals from UEs within one cell in a LEO 600 network can be up to ±63.3 ppm with a cell diameter of 1000 km.
Proposal 4: A randomly selected time drift per UE in the range [-63ppm,+63ppm] can be used in link level simulations of OCC.
Proposal 5: Pre-compensation can be used to maintain orthogonality of OCC in presence of time drift due to satellite and UE movement.
Proposal 6: RAN1 to agree on a power imbalance model to be used in link level simulations of OCC. The power imbalance levels should be derived from system level simulations.
Observation 4: OCC will increase the number of active UEs per UL radio resource, which will increase the levels of intra/inter-cell interference. At some load level, the limit of unacceptable quality of service is reached.
Proposal 7: System level simulations should be used to determine how the increased interference from OCC will impact the UL SINR distribution, in order to determine a feasible level of OCC multiplexing from a system point of view.

	Nokia [6]
	[bookmark: _Hlk163665086]Proposal 1: RAN1 to only consider enhancements to uplink capacity.
Proposal 2: RAN1 to exclude enhancements to single UE uplink throughput from further work.
Proposal 3: The following aspects should be considered when evaluating the OCC performance and related benefits for PUSCH NR NTN:
· Robustness against NTN specific features such as timing drift
· OCC size and elements
· Time or frequency domain application of OCC
· Signaling overhead
· Implementation complexity
· Power imbalance issue
Proposal 4: If adopted, the feature of OCC should focus on mechanisms that offers capacity gains, are simple to implement, and that ensure that multiple UEs would support the feature.


	Qualcomm [9]
	Proposal 3: RAN1 to consider the following aspects when developing specifications for OCC:
· Spreading factor(s) that are supported by the standard.
· Signaling of spreading factor (DG and CG)
· Signaling of OCC codeword to be used for a particular transmission.
· Determination of TBS when OCC is applied.
· Aspects related to UCI multiplexing.
· Resource allocation.

	Apple [8]
	Proposal 5: The maximum OCC size is selected such that it has negligible degradation of PUSCH BLER performance.

	Samsung [10]
	Proposal 2: If OCC PUSCH is concluded as beneficial, consider unified solution for NR NTN and IoT NTN. 
Proposal 3: When evaluating “KPI – SNR for a target BLER per UE”, RAN1 needs to consider SNR value based on link budget calculation.

	MediaTek [11]
	Observation 7: Inter-slot OCC with occ-length=2 enhances throughput over non-OCC single UE when repetitions are needed to close the UL link budget.

	CATT [12]
	[bookmark: _Hlk163734446]Observation 3: Total throughput with OCC is same as the case without OCC if assuming the repetion is not used for the baseline case. While for the repetition case, the total throughput is increased when OCC is used.
Proposal 5: It is necessary to clarify whether to use repetition as the baseline case without OCC.

	Xiaomi [13]
	

	Lenovo [15]
	

	Panasonic [16]
	Proposal 1: Supported OCC length should consider the DMRS capacity.
Proposal 2: UE pre-compensation of the phase rotation due to timing drift should be assumed for the OCC discussion like Rel.18 DMRS bundling.

	DoCoMo [17]
	Proposal 6: Identify the maximum length of OCC considering the number of DMRS port for PUSCH with OCC and the performance degradation brought by OCC.

	NEC [21]
	Proposal 1: Study the PAPR impact on the transmitter of a terminal to spread the PUSCH with OCC for NR-NTN uplink capacity/throughput enhancement.
Proposal 2: Study the complexity impact on the receiver of the network to despread the PUSCH with OCC and cancel inter-user interferences for NR-NTN uplink capacity/throughput enhancement.

	InterDigital [22]
	Observation 1: Wide satellite beams, large number of UEs, IoT support and spectrum scarcity all lead to very limited uplink resource availability per UE for uplink transmission.
Observation 2: Uplink enhancements standardized in Rel-17 Coverage Enhancement WID and Rel-18 NTN WIDs may lead to a large number of PUSCH repetitions, resulting in very poor uplink throughput and capacity.

	LG [23]
	

	ETRI [27]
	Proposal 1: Consider the following parameters for NR NTN UL capacity and throughput enhancements in addition to the agreed ones:
	Parameter
	Value

	Channel model
	· NTN-TDL-C Rural, {10°, 30°, 60°} elevation angle

	UE speed and altitude
	· 3 km/h, 1.5 m (i.e., pedestrian)
· 1200 km/h, 10 km (i.e., an aircraft)






	TCL [26]
	Proposal 6: The problem with the mismatch between the OCC size and repetition number should be studied.




The following agreements were made in RAN1#116

Agreement
Adopt the table below for assumptions for Evaluation parameters for link level evaluation in NR NTN UL capacity and throughput enhancements

	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
	Reported by companies, e.g.
· ≈184 bits payload @AMR 4.75kbps96 bits @Low data rate

	DMRS configuration / port / bundling
	1 port per UE
Reported by companies
· DMRS positions for single-symbol DMRS and optional double-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 respectively with ld=14, l0=2 and pos1 in [38.211].
· up to 8 DMRS Ports
Optional DMRS Bundling

	PRBs/MCS
	Reported by companies, e.g. 
· 1 PRB, 2 PRBs
· MCS in Table 6.1.4.1-2 in [TS 38.214]

	Max repetition number
	· Reported by companies – up to 20 for VoIP, up to 32 for low data rates

	OCC length 
	Reported by companies, e.g.
·  Up to 8

	OCC sequence
	Reported by companies, e.g.
· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211
· DFT sequence in Table 6.3.2.6.3-2 in TS38.211

	Antenna configuration at Satellite
	· 1Rx

	Antenna configuration at UE
	· 1Tx




Agreement
-
	Parameter
	Value

	TO
	Reported by companies
· With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts
· Optional without TO

	FO
	Reported by companies
· Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible.
· Optional: with lower maximum residual FO, to be reported by companies

	Timing drift 
	Optional

	Receiver algorithm
	To be reported by companies, e.g.
· MMSE

	Channel estimation
	· Real channel estimation



Agreement
Adopt the table below for assumptions for KPIs for link level evaluation in NR NTN UL capacity and throughput enhancements

	Parameter
	Value

	Number of code-division multiplexed users
	Reported by companies (up to 8)

	KPI – SNR for a target BLER per UE
	As in Rel-18 (otherwise reported by companies)
· VoIP: SNR @2% BLER
· For other cases: SNR @10% BLER

	KPI - Aggregated throughput
	Reported by companies
Total throughput according to number of code-division multiplexed users (up to 8)
Note: companies should also report the throughput for the case without OCC




Ericsson [2]  propose the following:
· Reuse assumptions on scenarios and simulation assumptions from the Rel-18 coverage enhancement study when relevant.
· Use LEO 600 as reference scenarios for performance evaluations of OCC.
· For link level evaluation of PUSCH with OCC in LEO 600, SNRs down to -2.7-10log10(#PRBs) dB should be considered.
· A randomly selected time drift per UE in the range [-63ppm,+63ppm] can be used in link level simulations of OCC.
· Pre-compensation can be used to maintain orthogonality of OCC in presence of time drift due to satellite and UE movement.
· RAN1 to agree on a power imbalance model to be used in link level simulations of OCC. The power imbalance levels should be derived from system level simulations.
· System level simulations should be used to determine how the increased interference from OCC will impact the UL SINR distribution, in order to determine a feasible level of OCC multiplexing from a system point of view.

Nokia [6] propose RAN1 to only consider enhancements to uplink capacity and exclude enhancements to single UE uplink throughput from further work. The following aspects should be considered when evaluating the OCC performance and related benefits for PUSCH NR NTN to ensure focus on mechanisms that offers capacity gains, are simple to implement, and that ensure that multiple UEs would support the feature:
· Robustness against NTN specific features such as timing drift
· OCC size and elements
· Time or frequency domain application of OCC
· Signaling overhead
· Implementation complexity
· Power imbalance issue

Qualcomm [9] RAN1 to consider the following aspects when developing specifications for OCC:
· Spreading factor(s) that are supported by the standard.
· Signaling of spreading factor (DG and CG)
· Signaling of OCC codeword to be used for a particular transmission.
· Determination of TBS when OCC is applied.
· Aspects related to UCI multiplexing.
· Resource allocation.

CATT [12] observed total throughput with OCC is same as the case without OCC if assuming the repetition is not used for the baseline case. While for the repetition case, the total throughput is increased when OCC is used. It is necessary to clarify whether to use repetition as the baseline case without OCC.
MediaTek [11] observed inter-slot OCC with occ-length=2 enhances throughput over non-OCC single UE when repetitions are needed to close the UL link budget.
Panasonic [16], DoCoMo [17] proposed supported OCC length should consider the DMRS capacity
Panasonic [16]proposed UE pre-compensation of the phase rotation due to timing drift should be assumed for the OCC discussion like Rel.18 DMRS bundling.
NEC [21] proposed study the PAPR impact on the transmitter of a terminal to spread the PUSCH with OCC and study the complexity impact on the receiver of the network to despread the PUSCH with OCC and cancel inter-user interferences.
Samsung [10] proposed if OCC PUSCH is concluded as beneficial, consider unified solution for NR NTN and IoT NTN. When evaluating “KPI – SNR for a target BLER per UE”, RAN1 needs to consider SNR value based on link budget calculation.
ETRI [27] proposed consider the following parameters for NR NTN UL capacity and throughput enhancements in addition to the agreed ones:
	Parameter
	Value

	Channel model
	· NTN-TDL-C Rural, {10°, 30°, 60°} elevation angle

	UE speed and altitude
	· 3 km/h, 1.5 m (i.e., pedestrian)
· 1200 km/h, 10 km (i.e., an aircraft)



TCL [26] proposed mismatch between the OCC size and repetition number should be studied.

Moderator view:
TBA

1.2 First Round Discussion
TBA

1.3 Summary of First Round Discussion
Further discussions on evaluation methodology were not discussed in RAN1#116bis

1.4 Conclusion
Interested companies can further contribute on evaluation methodology in RAN1#117.


2 [ACTIVE] Link performance of OCC across slots, symbols, and within a symbol
2.1 [bookmark: _Hlk163651362]Company contributing views
	Contribution
	Observation/Proposals

	Ericsson [2]
	Observation 9: OCC across slots performs well in the presence of RF impairments with two UEs but not with four UEs.
Observation 10: OCC across OFDM symbols performs well in the presence of RF impairments with both two UEs and four UEs.
Observation 11: OCC within an OFDM symbol with TB splitting performs well in the presence of RF impairments with both two UEs and four UEs.

	ZTE [4]
	Observation 5: For OCC across slots, at least 2 UEs in VoIP scenario and at least 4 UEs in Low data rate scenario can be supported without performance degradation.
Proposal 3: Considering the trade-off between performance and specification impact, OCC across slots should be supported.

	Hiawei, HiSilicon [5]
	Observation 1: With occ-length=2, both inter-slot OCC and intra-symbol OCC outperform inter-symbol OCC with the performance of approximately 0.8dB. 

Observation 2: With occ-length=2, although inter-slot OCC slightly outperforms intra-symbol OCC (less than 0.4dB), the performance gain gradually decreases with the increase of SNR and both of them achieve @1%BLER at SNR of -2.7dB. Then with the increase of SNR, intra-symbol OCC gradually outperforms inter-slot OCC, achieving @1BLER at SNR of 0.3dB, which is 0.5dB smaller than inter-slot OCC.

Observation 3: With occ-length=4, both inter-symbol OCC and intra-symbol OCC outperform inter-slot OCC and performance gains grows with the increase of SNR.
 
Observation 4: With occ-length=4, intra-symbol OCC slightly outperforms inter-symbol OCC with a performance gap of 0.4dB. 

Observation 5: The aggregated throughputs of OCC schemes are better than no OCC scheme in all SNR range simulated, even with frequency error and timing error according to existing RAN4 requirement. The more UE multiplexed with OCC, the larger the aggregated throughput is especially in high SNR range. 

	Nokia [6]
	Proposal 17: The feature of OCC needs to be evaluated thoroughly in terms of robustness and efficiency prior to determining to specify it.
Proposal 18: Assess the performance impact of OCC-enabled PUSCH in comparison to PUSCH without OCC through link-level simulations. The evaluation involves the following steps:
· Step 1: Evaluate the single UE performance without OCC-enabled PUSCH and determine SNR for BLER at 10%
· Step 2: Evaluate BLER performance for OCC-enabled PUSCH where there are other OCC-enabled PUSCH transmissions overlapping but with different OCC. The evaluation is performed within the determined SNR range for single UE PUSCH.
· Step 3. Determine SNR gap at 10% BLER between the single UE PUSCH and OCC enabled PUSCH to identify any potential UE performance degradation.
· Step 4. Evaluate the overall network capacity enhancement with OCC.tness and efficiency prior to determining to specify it.
Proposal 19: The feature of OCC is considered only for cases with PUSCH repetitions configured.
Proposal 20: The length of the OCC being applied should match the number of repetitions used for PUSCH transmissions.
Proposal 21: RAN1 to investigate and assess the maximum number of UEs that can be supported by OCC.
Observation 3: The BLER performance depends on the value of the difference of FOs of the multiplexed UEs.
Observation 4: For longer OCC sequences, the sensitivity towards frequency offset increases.
Proposal 22: RAN1 to discuss and, if needed, define mechanisms for controlling the FO difference of UEs using OCC across PUSCH repetitions.

	Qualcomm [9]
	Observation 1: Cross symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 allows to multiplex up to 8 UEs with negligible per-user degradation even in the presence of impairments:
· For AMR 4.75 (TBS=184), the degradation is 0.7 dB @ 10% BLER, around 1.1 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 0.4 dB @ 10% BLER, around 0.5 dB @ 1 % BLER

Observation 2: Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 allows to multiplex up to 8 UEs, but suffers large degradation in the presence of impairments even with a complex MMSE de-OCC receiver:
· For AMR 4.75 (TBS=184), the degradation is 1.7 dB @ 10% BLER, around 4 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 1 dB @ 10% BLER, around 2.4 dB @ 1 % BLER

Proposal 2: RAN1 to specify the following techniques for PUSCH uplink capacity enhancements:
· Spreading factor of up to 2 based on cross-symbol OCC.
· Spreading factor of up to 4 based on pre-DFT-s OCC (comb structure, as PUCCH format 4).
· Both techniques can be used together to achieve a spreading factor of 8.

	OPPO [7]
	Observation 2: For VoIP with OCC length N = 2 at 2% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which slightly outperform the performance of inter-slot OCC.
Observation 3: For VoIP with OCC length N = 4 at 2% BLER point, the performance of intra-symbol OCC slightly outperforms the performance of intra-slot OCC, and the performance of intra-slot OCC outperforms the performance of inter-slot OCC.
Observation 4: For low data rate with OCC length N = 2 at 10% BLER point, intra-slot OCC, intra-symbol OCC and inter-slot OCC share similar performance.
Observation 5: For low data rate with OCC length N = 4 at 10% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which outperform the performance of inter-slot OCC.
Observation 6: For all the evaluated scenarios with OCC length N = 2, twice throughput can be obtained for PUSCH with OCC when compared to PUSCH without OCC.
Observation 7: For all the evaluated scenarios with OCC length N = 4, almost 4x throughput can be obtained for PUSCH with OCC when compared to PUSCH without OCC.
Proposal 1: Support inter-slot OCC, intra-slot OCC, and intra-symbol OCC for PUSCH transmission in NR-NTN.

	MediaTek [11]
	Observation 5: The inter-slot OCC scheme with occ-length=2 incurs only a 0.46dB SNR penalty at 2% BLER compared to a single UE without OCC, showcasing its effectiveness with minimal performance impact.
Observation 6: The inter-slot OCC scheme with occ-length=2 and fixed RV0 incurs 1.93 dB SNR penalty at 2% BLER compared to using RV cycling.
Proposal 4: PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and RV cycling is used in Time-Domain OCC mapping inter slot and inter symbol.
Observation 7: Inter-slot OCC with occ-length=2 enhances throughput over non-OCC single UE when repetitions are needed to close the UL link budget.

	CATT [12]
	Observation 4: the advantages of OCC within one symbol is not obvious.
Proposal 6: It is not recommended to use OCC within one OFDM symbol.

	Panasonic [16]
	Proposal 5: To be fair comparison, the number of slots used to transmit a transport block should be identical for all OCC options in the evaluation. TBoMS should be assumed for OCC within an OFDM symbol to keep the TBS irrespective of OCC length. 
Observation 3: With the same number of slots, BLER performance for OCC across slots and OCC within an OFDM symbol are almost same in case of no impairment.   

	CMCC [18]
	Observation 5: The required SINR losses of OCC multiplexed PUSCH repetitions may be acceptable under the consideration of the multiplied system throughputs. 
Observation 6: The legacy redundancy version cycling as defined in current specification of DG PUSCH repetition may not be workable as the repetition number increases. Some modifications of the RV cycling in PUSCH repetitions may be required. 
Proposal 5: Considering the acceptable SINR losses and the multiplied system throughputs, the slot-level OCC multiplexing in PUSCH repetitions can be supported.
Proposal 6: The redundancy version cycling of the PUSCH repetitions should be considered for the enhancements, as in some cases the performance of multiplexing would be decreased due to the change RV.

	Vivo [28]
	Observation 5: For OCC2/4 without TO/FO, compared with the baseline, the performance of the inter-repetition OCC/ inter-symbol OCC/intra-symbol OCC without power boosting is similar, which shows 0.7 dB loss when required BLER is 10% and TBS=96 bits.
Observation 6: For OCC2/4 without TO/FO, compared with the baseline, the inter-repetition OCC/ inter-symbol OCC/intra-symbol OCC without power boosting suffer 0.5 dB loss/around 1.6 dB loss /around 1.6 loss respectively, when required BLER is 10% and TBS=184bits.
Observation 7: When TO/FO is not considered, the inter-repetition OCC scheme has good robustness to different TBS.
Observation 8: Intra-symbol OCC with power boosting shows 1.55dB and 0.8dB gain over baseline for TBS=96bits and TBS=184bits, respectively.
Observation 9: The potential UL capacity gain of OCC schemes comes from allowing multiple UEs that only support single-layer transmission to be able to achieve simultaneous transmissions on the same resource in scenarios with restricted coverage.
Observation 10: Inter-repetition OCC has a better performance than intra-symbol OCC without boosting and inter-symbol OCC, and it has less spec impact.
Observation 11: The performance trends of OCC based on Walsh code and DFT code are quite similar.
Observation 12: When TO/FO is present but timing drift is not considered, inter-repetition OCC is worse than intra-symbol OCC without boosting and inter-symbol OCC when TBS=96 bits.
Observation 13: When TO/FO is present but timing drift is not considered, inter-repetition OCC still outperforms intra-symbol OCC without boosting and inter-symbol OCC when TBS=184 bits.
Observation 14: Inter-repetition OCC is more sensitive to timing drift than intra-symbol OCC without boosting and inter-symbol OCC.
Proposal 2: The following OCC scheme can be considered
· Time-domain OCC across slots/repetitions
· Pre-DFT frequency-domain OCC within symbols

	Xiaomi [13]
	Observation 3: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is ~1.1 dB and ~2.7 dB for 2 and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER. 
Observation 4: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0.9 dB and 1.6 dB for 2 multiplexed UEs and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER.
Observation 5: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is 1.7 dB and 3.6 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 6: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0.9 dB and 1.8 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 7: In general, pre-DFT based OCC spreading combining with TBoMS has better link performance than pre-DFT based OCC spreading with repetitions.
Observation 10: For repetition-based OCC multiplexing, the performance loss is 0.4 dB for 4 multiplexed UEs for VOIP with 2% BLER. 
Observation 11: For repetition-based OCC multiplexing, the performance loss is 0.3 dB and 1.7 dB for 4 and 8 multiplexed UEs for low data rate service with 10% BLER.
Observation 13: Repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading.

	Samsung [10]
	Proposal 4: Consider inter-slot or inter-PUSCH based OCC scheme in priority if performance results are similar.

	NICT [26]
	Observation 4: Little deterioration was observed in scenarios without TO and FO when employing the scheme of OCC across slots.
Observation 5: TO may not degrade BLER significantly, however, FO could greatly deteriorate BLER when employing the scheme of OCC across slots.

	Langbo [24]
	Proposal 3: RAN1 to discuss the set of supported OCC lengths for different OCC schemes.

	LG [23]
	



Ericsson [2] shows OCC across slots in the presence of RF impairments with two UEs has not significant SNR loss, with four UEs the SNR loss is significant (~1 dB @ 10% BLER< and error floor at %2 BLER); OCC across OFDM symbols performs well in the presence of RF impairments with both two UEs and four UEs. Observation 11	OCC within an OFDM symbol with TB splitting performs well in the presence of RF impairments with both two UEs and four UEs. When the MCS is increased, there is a significant degradation (i.e. ~6 dB SNR loss) with four UE due to the use of higher order modulation. Pre-DFT OCC within an OFDM symbol for 2 UEs across 2 PRBs has the same capacity and performance as 2 UEs allocated to one PRB each
[image: ]









[bookmark: _Ref163232058]Ericsson [2] Figure 1:   Link performance with OCC versus FDM.
ZTE [4] shows for OCC across slots, at least 2 UEs in VoIP scenario and at least 4 UEs in Low data rate scenario can be supported without performance degradation. Considering the trade-off between performance and specification impact, OCC across slots should be supported.
Huawei, HiSilicon [5] shows that OCC length 2 has similar performance for inter repetition, inter symbol, intra symbol and no significant loss compare to single UE without OCC. OCC length 4 has similar performance for inter symbol, intra symbol and no significant loss compare to single UE without OCC. OCC length 4 with inter repetition has SNR error floor with 10% BLER not met. 

	
	VoIP
	Inter-repetition
	Inter-symbol
	Intra-symbol

	baseline
	SNR@2%BLER
	-5.6dB

	
	Aggr thpt @required SNR
	10.2kbps

	OCC2
	SNR@2%BLER
	-5.2dB
	-5.4dB
	-5.6dB

	
	Aggr thpt @required SNR
	20.2kbps
	20.2kbps
	20.3kbps

	OCC4
	SNR@2%BLER
	~
	-5.2dB
	-5.6dB

	
	Aggr thpt @required SNR
	37.4dB
	40.4kbps
	40.7kbps




	
	Low data rates
	Inter-repetition
	Inter-symbol
	Intra-symbol

	baseline
	SNR@10%BLER
	-3.9dB

	
	Aggr thpt @required SNR
	12.3kbps

	OCC2
	SNR@10%BLER
	-3.6dB
	-3.6dB
	-3.8dB

	
	Aggr thpt @required SNR
	24.2kbps
	24.3kbps
	24.5kbps

	OCC4
	SNR@10%BLER
	~
	-3.5dB
	-3.7dB

	
	Aggr thpt @required SNR
	36.5kbps
	48.2kbps
	48.7kbps

	OCC8
	SNR@10%BLER
	~
	-2.2dB
	~

	
	Aggr thpt @required SNR
	20.8kbps
	89.7kbps
	~



[bookmark: _Hlk163820536]Nokia [6] showed inter-slot with OCC length 2 has significant SNR loss depending on case of 2 UEs having same or different FO values (up to 3 dB loss @ BLER 2%) if UE have FO of opposite sign) and 4 UEs having worst performance (with error floor @ BLER 2%). Propose RAN1 to discuss and, if needed, define mechanisms for controlling the FO difference of UEs using OCC across PUSCH repetitions.
Qualcomm [9] observed the following with pre-DFT-s OCC (comb structure) across symbols and pre-DFT-s OCC (comb structure) across slots with impairments and 8 UEs multiplexed simulated MMSE de-OCC receiver. Propose RAN1 to specify spreading factor of up to 2 based on cross-symbol OCC and spreading factor of up to 4 based on pre-DFT-s OCC (comb structure, as PUCCH format 4), where both techniques can be used together to achieve a spreading factor of 8:
· Cross symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4:
· For AMR 4.75 (TBS=184), the degradation is 0.7 dB @ 10% BLER, around 1.1 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 0.4 dB @ 10% BLER, around 0.5 dB @ 1 % BLER
· Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4:
· For AMR 4.75 (TBS=184), the degradation is 1.7 dB @ 10% BLER, around 4 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 1 dB @ 10% BLER, around 2.4 dB @ 1 % BLER
OPPO [7] observed when compared with no OCC, for all the evaluated scenarios with impairments for OCC length N = 2, twice throughput can be obtained; for OCC length N = 4, almost 4x throughput can be obtained. Propose to support inter-slot OCC, intra-slot OCC, and intra-symbol OCC for PUSCH transmission in NR-NTN.
· OCC length N = 2: 
· VoIP at 2% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which slightly outperform the performance of inter-slot OCC.
· Low data rate at 10% BLER point, intra-slot OCC, intra-symbol OCC and inter-slot OCC share similar performance.
· OCC length N = 4: 
· VoIP at 2% BLER point, the performance of intra-symbol OCC slightly outperforms the performance of intra-slot OCC, and the performance of intra-slot OCC outperforms the performance of inter-slot OCC.
· Low data rate at 10% BLER point, intra-slot OCC and intra-symbol OCC share similar performance, which outperform the performance of inter-slot OCC.

MediaTek [11] observed the inter-slot OCC scheme with occ-length=2 incurs only a 0.46dB SNR penalty at 2% BLER compared to a single UE without OCC, showcasing its effectiveness with minimal performance impact. The inter-slot OCC scheme with occ-length=2 and fixed RV0 incurs 1.93 dB SNR penalty at 2% BLER compared to using RV cycling. Propose PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and RV cycling is used in Time-Domain OCC mapping inter slot and inter symbol. Inter-slot OCC with occ-length=2 enhances throughput over non-OCC single UE when repetitions are needed to close the UL link budget.
Vivo [28] observed when TO/FO is present but timing drift is not considered, inter-repetition OCC is worse than intra-symbol OCC without boosting and inter-symbol OCC when TBS=96 bits, and outperforms it when TBS=184 bits. Inter-repetition OCC is more sensitive to timing drift than intra-symbol OCC without boosting and inter-symbol OCC.
Xiaomi [13] observed pre-DFT based OCC spreading combining with TBoMS has better link performance than pre-DFT based OCC spreading with repetitions, and repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading.
· For pre-DFT based OCC spreading with 8 repetitions
· [bookmark: _Hlk163821171]With 8 repetitions, the performance loss is ~1.1 dB and ~2.7 dB for 2 and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER. 
· With 8 repetitions, the performance loss is 1.7 dB and 3.6 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
· For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, , the performance loss is
· 0.9 dB and 1.6 dB for 2 multiplexed UEs and 4 multiplexed UEs respectively compared with single UE transmission for VOIP service with 2% BLER.
· 0.9 dB and 1.8 dB for 4 and 6 multiplexed UEs respectively for low data rate service with 10% BLER.
· For repetition-based OCC multiplexing, the performance loss is
· 0.4 dB for 4 multiplexed UEs for VOIP with 2% BLER. 
· 0.3 dB and 1.7 dB for 4 and 8 multiplexed UEs for low data rate service with 10% BLER.
CATT [12] observed when repetition is used with OCC length 2, the BLER performance of two users using inter slot OCC deteriorates by 0.4 dB compared to one user at 2%, and the total throughput of two users is twice that of one user.
Panasonic [16] proposed to be fair comparison, the number of slots used to transmit a transport block should be identical for all OCC options in the evaluation. TBoMS should be assumed for OCC within an OFDM symbol to keep the TBS irrespective of OCC length. It was observed that with the same number of slots 1, 2, or 4 , BLER performance for OCC across slots and OCC within an OFDM symbol are almost same in case of no impairment.   
CMCC [18] proposed considering the acceptable SINR losses and the multiplied system throughputs, the slot-level OCC multiplexing in PUSCH repetitions can be supported.
	Cases
	MU/SU
	Repetitions
	Redundancy 
Version #1
	SNR(dB)
 10% iBLER
	SINR losses (dB) of OCC multiplexing 
compared with SU PUSCH repetitions
	Redundancy 
Version #2
	SNR(dB)
 10% iBLER
	Redundancy Version #3
	SNR(dB)
 10% iBLER

	1
	1
	1
	RV = {0}
	-0.39
	　
	　
	　
	　
	　

	2
	1
	2
	RV = {0, 0}
	-2.65
	　
	　
	　
	　
	　

	3
	2
	2
	RV = {0, 0}
	-0.87
	1.78
	　
	　
	　
	　

	4
	1
	4
	RV = {0, 0, 0, 0}
	-4.9
	　
	　
	　
	　
	　

	5
	2
	4
	RV = {0, 0, 0, 0}
	-4.25
	0.65
	　
	　
	　
	　

	6
	4
	4
	RV = {0, 0, 0, 0}
	/
	　
	　
	　
	　
	　

	7
	1
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	-7.3
	　
	　
	　
	　
	　

	8
	2
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	-6.41
	0.89
	Case 19:
RV = {0,0,2,2,3,3,1,1}
	-6.45
	Case 22:
RV = {0,2,3,1}*2
	-2.15

	9
	4
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	-4.01
	3.29
	　
	　
	　
	　

	10
	8
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	/
	　
	　
	　
	　
	　

	11
	1
	16
	RV = {0}*16
	-9.18
	　
	　
	　
	　
	　

	12
	2
	16
	RV = {0}*16
	-8.8
	0.38
	　
	　
	　
	　

	13
	4
	16
	RV = {0}*16
	-6.77
	2.41
	Case 20:
RV = {0}*4, {2}*4, {3}*4, {1}*4, 
	-6.85
	Case 23:
RV = {0,2,3,1}*4
	/

	14
	8
	16
	RV = {0}*16
	/
	　
	　
	　
	
	　

	15
	1
	32
	RV = {0}*32
	-11.12
	　
	　
	　
	　
	　

	16
	2
	32
	RV = {0}*32
	-11.11
	0.01
	　
	　
	　
	　

	17
	4
	32
	RV = {0}*32
	-8.81
	2.31
	　
	　
	　
	　

	18
	8
	32
	RV = {0}*32
	-6.06
	5.06
	Case 21:
RV = {0}*4, {2}*4, {3}*4, {1}*4, 
	-6.58
	Case 24:
RV = {0,2,3,1}*4
	/



Samsung [10] proposed consider inter-slot or inter-PUSCH based OCC scheme in priority if performance results are similar.
NICT [25] observed little deterioration was observed in scenarios without TO and FO when employing the scheme of OCC across slots. TO may not degrade BLER significantly, however, FO could greatly deteriorate BLER when employing the scheme of OCC across slots.
Langbo [24] proposed RAN1 discuss the set of supported OCC lengths for different OCC schemes.

Moderator Summary: VoIP @ 2% BLER (X dB loss compare to no OCC indicated:
· OCC length N = 2 with impairments:
· Inter-slot: Huawei, HiSilicon [5] (0.4 dB), OPPO [7] (1 dB), ZTE [4] (0.4 dB), Ericsson [2] (0 dB), MediaTek [11] (0.46 dB), , CATT [12] (0.8 dB), Xiaomi [13] (1.1 dB), Vivo [28] (0.8 dB)  
· Across-symbols: Huawei, HiSilicon [5] (0.4 dB), OPPO [7] (0.6 dB), ZTE [4] (0.4 dB), Ericsson [2] (0 dB), Vivo [28] (1.6 dB)
· Within a symbol: Huawei, HiSilicon [5] (0 dB) OPPO [7] (0.5 dB), Ericsson [2] (-0.4 dB w/ TB splitting, 0.3 dB with MCC increase), CATT [12] (0.6 dB), Vivo [28] (1.6 dB)  
· [bookmark: _Hlk163815364]No OCC: OPPO [7] -1 dB, ZTE [4] -5.2 dB, Ericsson [2] -3.7 dB, MediaTek [11] -2.8 dB, CATT [12] -3.0 dB, Xiaomi [13] 4 dB (MCS 5), Vivo [28] 2.4 dB
· OCC length N = 4 with impairments (loss compare to no OCC): 
· Inter-slot: Huawei, HiSilicon [5] (N/A), OPPO [7] (3.4 dB), ZTE [4] (0.4 dB), Ericsson [2] (N/A), Xiaomi [13] (2.7 dB), Vivo [28] (0.8 dB)  
· Across-symbols: Huawei, HiSilicon [5] (0.4 dB), OPPO [7] (1.2 dB), ZTE [4] (0.4 dB), Ericsson [2] (0.2 dB), Vivo [28] (1.6 dB), Vivo [28] (1.6 dB)    
· Within a symbol: Huawei, HiSilicon [5] (0 dB), OPPO [7] (0.8 dB), Ericsson [2] (0.2 dB w/ TB splitting, 6.7 dB with MCC increase), Vivo [28] (1.8 dB)  
· No OCC: Huawei, HiSilicon [5] -5.6 dB, OPPO [7] -1 dB, ZTE [4] -5.2 dB, Ericsson [2] -3.7 dB, Xiaomi [13] 4 dB (MCS 5), Vivo [28] -0.6 dB

Moderator Summary Low data rates @ 10% BLER (X dB loss compare to no OCC indicated):
· OCC length N = 2 with impairments: 
· Inter-slot: Huawei, HiSilicon [5] (0.3 dB), OPPO [7] (0 dB), ZTE [4] (0.2 dB), Xiaomi [13] (0.5 dB, and 0.2 dB with TBoMS), Vivo [28] (0.7 dB)
· Across-symbols: Huawei, HiSilicon [5] (0.3 dB), OPPO [7] (0.4 dB), ZTE [4] (0.2 dB), Vivo [28] (0.5 dB)
· Within a symbol: Huawei, HiSilicon [5] (0.1 dB), OPPO [7] (0.4 dB)
· No OCC: Huawei, HiSilicon [5] -3.9, OPPO [7] -3.4 dB, ZTE [4] -11.5 dB, Nokia [6] -2.4 dB, Xiaomi [13] -2 dB, Vivo [28] -3.5 dB 
· OCC length N = 4 with impairments: 
· Inter-slot: Huawei, HiSilicon [5] (N/A), OPPO [7] (1.9 dB), ZTE [4] (0.2 dB), Xiaomi [13] (1.7 dB, and 0.9 dB with TBoMS), Vivo [28] (1 dB)
· Across-symbols: Huawei, HiSilicon [5] (0.3 dB), OPPO [7] (1 dB), ZTE [4] (0.2 dB), Vivo [28] (1 dB)
· Within a symbol: Huawei, HiSilicon [5] (0.2 dB), OPPO [7] (0.9 dB)
· No OCC: Huawei, HiSilicon [5] -3.9 dB, OPPO [7] -3.3 dB, ZTE [4] -11.5 dB, Nokia [6] -2.4 dB, Xiaomi [13] -2 dB, Vivo [28] -6.4 dB



Moderator View: 
Simulation results from contributing companies show overall the following:
· OCC code length =2 has negligible or marginal performance loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC inter across slots, OCC across symbols, and OCC within symbol.  
· OCC code length =4, OCC across symbol and OCC within symbol have similar performance and small loss compared to single UE with no OCC with impairments for VoIP and for low data rates
There is not enough simulations from contributing companies for OCC code length =8 at this stage.

2.2 First Round Discussion
Based on companies’ contributions and Moderator views above, the following initial proposals are made:

Initial Proposal 2.1
RAN1 to capture as observation the following:
· OCC code length =2 has negligible or marginal performance loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC inter across slots, OCC across symbols, and OCC within symbol.  
· OCC code length =4, OCC across symbol and OCC within symbol have similar performance and small loss compared to single UE with no OCC with impairments for VoIP and for low data rates


Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Qualcomm
	We agree in general ,but I think we have to be a bit careful about these conclusions.
For the case of inter-slot OCC, the performance will depend on the operating SNR. If we operate at low SNR, the loss of slot-OCC will be smaller since the mutual interference will not be large enough for observing large degradation. For instance, in our contribution we show how doing inter-slot OCC + intra-symbol is much worse than doing inter-symbol OCC + intra-symbol.
Having said this, could RAN1 conclude something as follows? It seems almost all companies seem to converge that there is some OCC technique that leads to almost no degradation while at the same time increasing the capacity:
Proposal 2.1v2: RAN1 will specify OCC of up to [4 or 8] UEs in Rel-19, based on one or more of the following techniques:
· Inter symbol OCC
· Intra-symbol pre-DFT-s OCC
· Inter-slot OCC

	Apple
	Agree. 

	vivo
	The observation is based on some assumptions (e.g., TO/FO and time drift are considered, but the timing drift values are up to companies reporting). Thus, instead of drawing a general observation conclusion, we prefer to either list all observations with specific assumptions from different sources, or to just conclude which OCC should be further specified (similar as QCM’s proposal)

	OPPO
	The observation on BLER and aggregated throughput w.r.t. different OCC length should be both captured in the proposal, as agreed in the last meeting. According to our evaluation results, the candidate OCC schemes, including OCC across slots, OCC across symbols, and OCC within symbol, can all bring significant gains on the aggregated throughput.

	LGE
	We are generally fine with the observations.
From the perspective of aggregated throughput, inter-slot OCC, inter-symbol OCC, and intra-symbol OCC all have been observed to have performance gains compared to single UE without OCC up to OCC length of 4, and this observation needs to be captured.
From the perspective of SNR for a target BLER per UE, some clarifications may be needed. In our understanding, for inter/intra-symbol OCC, most evaluations have shown the performance gain under the assumption of TBoMS. Therefore, whether the performance gain was observed with the use of TBoMS or not should be clarified in the observation. For example, if TBoMS is not applied, code rate of intra-symbol OCC can be high in some cases and the performance gain will not as good as the case with TBoMS as shown in [28]. In addition, when TBoMS is applied for OCC scheme, the baseline should also be applied with TBoMS for fair comparison.

	CATT
	Support OPPO view, for performance wise, the BLER and aggregated throughput should be described separately. In general, we observed that the BLER performance for OCC case will be degraded, but the throughput will be increased.

	Samsung
	Agree in principle. This proposal should be clarified on what performance metric is considered. That is, BLER degradation should be specified in the first part. Furthermore, it should be clarified what small/marginal/similar mean. It is ambiguous wording as observation. We prefer to capture relevant values. 

	ZTE
	We think the observation is not correct. 
For example, for Low code rate scenario, 3 companies [ZTE, Xiaomi, vivo] show that OCC across slot with OCC-4 has less than 1dB performance loss compared with single UE, while only 2 companies show marginal performance loss for OCC within symbol, and other companies show. 
In addition, some companies’ results are not correctly captured, e.g. for OCC-4 VoIP, [Xiaomi] shows [2.7dB] performance loss for OCC within symbol, and less than 1 dB loss for OCC across slots.
Therefore, we think the observation can be re-organized as:
Initial Proposal 2.1
RAN1 to capture as observation the following:
· OCC code length =2 has negligible or marginal performance loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC inter across slots, OCC across symbols, and OCC within symbol.  
· OCC code length =4,  has acceptableOCC across symbol and OCC within symbol have similar performance loss  and small loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC across slots, OCC across symbols, and OCC within symbol.
Regarding the supported number of OCC length, we don’t need to explicitly define a target at this stage, we need to consider the trade-off between the performance and spec impact.

	Ericsson
	We are fine with the conclusion. Aggregated throughput can be discussed separately.

	Panasonic
	Agree. Throughput aspects should also be mentioned as OPPO mentioned. 

	Nokia
	To our understanding, the OCC code length and potential performance loss is tightly coupled with the channel coding. While the content of the proposal above may be true, there are no considerations on the potential impact to the transport size. After all, we should remember that just applying OCC by “boosting” PRB allocations will not lead to any enhancements to the efficiency, and we are at best just adding complexity.
Only for the case where multiple slots are used (PUSCH repetition is active), there is a potential for re-gaining some lost capacity (through the application of OCC).

	Huawei, HiSilicon
	In general, we are fine to capture the observations in the study phase. The assumptions to obtain the observation for the individual scheme should also be clarified. In order to fairly reflecting the works done by companies, the observation OCC8 could also be captured based on the contributions. 
Both FL’s proposal and QC’s proposal can be discussed. Please also see our comment in section 4.2.

	Xiaomi
	For our simulation results summarized by the FL, we correct it as in the above context, which is also shown in our contribution[13]. According to our simulation results, we can observe that slot-based OCC multiplexing shows superior transmission performance either.



2.3 Summary of First Round Discussion

The gains of OCC with inter-slot, inter-symbol, and intra-symbol have been observed by several contributing companies. Overall, companies contributions suggested capacity and throughput enhancements with OCC length 2 and 4 can be achieved. The proposals 2.1a and 2.2 are provided based on company comments and suggested revisions.
Based on companies comments in first round, proposals were made for offline discussion in Section 7.1 and online discussion in 7.2.

2.4 Conclusion
The following observations on link-level performance of OCC for PUSCH are made:
For the SNR to achieve target BLER :
· OCC code length =2 has negligible or marginal performance loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC across slots, OCC across symbols, and OCC within symbol.  


3 [CLOSED] System-level performance of OCC across slots, symbols, and within a symbol

3.1	Company contributing views

	Contribution
	Observation/Proposals

	Ericsson [2]
	Observation 14: Pre-DFT OCC within an OFDM symbol for 2 UEs across 2 PRBs has the same capacity and performance as 2 UEs allocated to one PRB each.
Observation 15: With FRF=1, system simulations show that the system is interference limited. This indicates that OCC will likely not bring any significant gains with FRF=1.
Observation 16: With FRF=3, system simulations show that the system is partly interference limited. OCC levels of 2 and 4 give only limited reductions in SINR (0.5 and 1.5 dB compared to no OCC, respectively), while an OCC level of 8 gives a SINR reduction of 3 dB compared to no OCC. This indicates that OCC might bring capacity gains in FRF=3 but also that the additional gains of OCC level 8 are limited.
Proposal 8: Down-prioritize OCC level 8.

	Nokia [6]
	Proposal 9: For inter-symbol OCC further discussions are needed with respect to whether this brings a net system gain when considering the impact to single UE performance by increased coding rate and very small payloads.
Proposal 14: For uplink capacity enhancements RAN1 should only consider OCC schemes in the time domain.

	Spreadtrum [14]
	[bookmark: _Hlk163737380]Observation 1: From a system perspective, PUSCH transmission with OCC can increase the capacity of PUSCH transmission in the system with spread spectrum gain. 
Proposal 1: Support DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes to increase UL capacity.

	OPPO [7]
	

	Apple [8]
	 

	Xiaomi [13]
	Observation 8: In general, pre-DFT based OCC spreading can effectively enhance system throughput, even in the case of degraded link performance for a single UE.
Observation 9: Pre-DFT based OCC spreading with TBoMS provides a better increase in system throughput compared to pre-DFT based OCC spreading with repetitions at low SNR.
Observation 12: In general, repetition-based OCC multiplexing can effectively enhance system throughput, even at low SNR.
Observation 13: Repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading.

	Spreadtrum [14]
	

	Interdigital [22]
	

	LG [23]
	



Ericsson [2] proposed to Down-prioritize OCC level 8 based on observations: (i) observed Pre-DFT OCC within an OFDM symbol for 2 UEs across 2 PRBs has the same capacity and performance as 2 UEs allocated to one PRB each; (ii) With FRF=1, system simulations show that the system is interference limited. This indicates that OCC will likely not bring any significant gains with FRF=1; (iii) With FRF=3, system simulations show that the system is partly interference limited. OCC levels of 2 and 4 give only limited reductions in SINR (0.5 and 1.5 dB compared to no OCC, respectively), while an OCC level of 8 gives a SINR reduction of 3 dB compared to no OCC. This indicates that OCC might bring capacity gains in FRF=3 but also that the additional gains of OCC level 8 are limited. For OCC within a symbol, to keep the legacy TBS design, two possible ways can be implemented (i) increasing the MCS or (ii) enabling TBoMS. If MCS is pushed to higher modulation order, the performance loss will be significant. For TBoMS, it is required that the UE has this capability. Another option is to split the TB and reduce the number of slot repetitions per TB.
[image: ]


[bookmark: _Ref163177492]Ericsson [2] Figure 10: SINR CDFs with FRF=1; Figure 2: SINR CDFs with FRF=3

[bookmark: _Hlk163823889]Nokia [6] proposed for inter-symbol OCC further discussions are needed with respect to whether this brings a net system gain when considering the impact to single UE performance by increased coding rate and very small payloads. For uplink capacity enhancements RAN1 should only consider OCC schemes in the time domain.
Spreadtrum [14] observed from a system perspective, PUSCH transmission with OCC can increase the capacity of PUSCH transmission in the system with spread spectrum gain. Support DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes to increase UL capacity.
Xiaomi [13] observed pre-DFT based OCC spreading can effectively enhance system throughput, even in the case of degraded link performance for a single UE. Pre-DFT based OCC spreading with TBoMS provides a better increase in system throughput compared to pre-DFT based OCC spreading with repetitions at low SNR. Repetition-based OCC multiplexing can effectively enhance system throughput, even at low SNR. Repetition-based OCC multiplexing shows superior transmission performance compared to pre-DFT OCC spreading. Proposed to consider repetition-based OCC solution with maximum of 4 UEs multiplexing together.

Moderator view: 
[bookmark: _Hlk163824285]Further discussions on system-level performance of OCC schemes will be needed. It is not clear whether all the OCC schemes can bring a net system gain when considering the impact to single UE performance assuming increased coding rate, very small payloads, bandwidth requirements and limited device power in shorter transmission duration. The OCC length determination will be an important issue to optimize capacity while keeping impact on the specifications reasonable. 

3.2 First Round Discussion

FL Recommendation 3-1:
Companies are encouraged to further contribute on system-level performance of OCC across slots, across symbols, and within symbol 
· Increased coding rate
· Very small payloads
· Bandwidth requirements
· Limited device power in shorter transmission duration.
· OCC length

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Qualcomm
	We do not think system-level evaluations are needed for this objectives.

	Apple
	Agree

	OPPO
	We can firstly discuss the maximal OCC length supported in R19 NTN. As per the WID in R19 IoT NTN, the max OCC length is 4. In the case, we do not see the motivation to support the OCC length larger than 4 in NR NTN.

	LGE
	We are generally fine with the proposal.
It can be considered as further study scopes, not limited to system-level performance.

	CATT 
	System level evaluation is not needed.

	Samsung
	System level evaluation is not necessary.

	ZTE
	We don’t think system level simulation is needed. The system throughput can be well justified by link level simulation with aggregated throughput calculation, while other factors such as code rate, bandwidth, OCC length have also been considered in the simulation assumption of LLS.

	Ericsson
	We are fine with the recommendation to evaluate system-level performance but think the bullet list can be omitted since some of the items are better studied on link-level.

	Panasonic
	Fine to discuss above aspects, but system level performance evaluations are not necessary. 

	Nokia
	OK

	Huawei, HiSilicon
	We are not sure how to use the SLS. Is it just used for determination of required SNR for LLS or we need to evaluate per cell UPT and average UPT?

	Xiaomi 
	Based on system-level evaluation, we can observe that even the link-level performance is degraded somehow, the system-level throughput can also be improved. We don’t know whether it is necessary to make a compromise between this two metrics. If companies agree that we only pursue the link-level performance for this study, it is also ok for us not considering system-level performance. 

	NTT DOCOMO
	OK

	
	

	
	

	
	

	
	



3.3 Summary of First Round Discussion
[bookmark: _Hlk164257472]Based on first round discussions, there is no consensus on need for companies to contribute on system-level performance of OCC. 


3.4 Conclusion
Interested companies in RAN1 can further contribute on system-level performance of OCC.




4 [CLOSED] Mapping of OCC across slots, symbols, within a symbol

4.1 Company contributing views
	Contribution
	Observation/Proposals

	Ericsson [2]
	Observation 5: For inter-slot OCC, one of the OCC multiplexed UEs can potentially be a UE without Rel-19 OCC capability.
Observation 6: For inter-symbol OCC, one of the OCC multiplexed UEs can potentially be a UE without Rel-19 OCC capability.
Observation 8: OCC within an OFDM symbol requires updates of the TBS/rate matching design while OCC across slots or OFDM symbols do not.
Observation 12: OCC within an OFDM symbol, when applied prior to the DFT precoder, is equivalent to a sub-PRB allocation where every nth subcarrier is used by a given UE.
Observation 13: When more than one PRB is available, multiplexing can also be achieved with FDM using separate PRBs per UE.

	ZTE [4]
	Observation 1: OCC across slots can provide the promising gain with limited spec effort and implementation complexity considering the tolerance to frequency offset.
Proposal 2: In NR NTN with OCC across slots, the redundancy versions for different repetitions should be kept the same.
Observation 2: OCC across symbols requires significant change on the legacy resource mapping.
Observation 3: OCC across symbols has higher tolerance to frequency offset.
Observation 4: OCC within symbol may have impact on the required frequency resources, coding rate, PAPR and transmission power.

	Huawei, HiSilicon [5]
	Proposal 1: The following aspects could be considered when comparing different OCC schemes for PUSCH in Rel-19 NR NTN
· Robustness to timing/phase error and channel fluctuation in NTN scenario
· Flexibility of scheduling and multi UE multiplexing
· Complexity of transmission at UE and reception at gNB
· Impacts on PUSCH repetition schemes
· Impacts on the TBS determination
· Impacts on the UCI multiplexing on PUSCH
· [bookmark: _Hlk164101268]Impacts on the frequency hopping, e.g. intra/inter-repetition
· Impacts on the uplink power control on PUSCH

Proposal 2: The following OCC schemes can be further evaluated:
· Inter-symbol OCC, according to equation (1) and figure 1
· Inter-repetition OCC, according to equation (2) and figure 2
· Intra-symbol OCC, according to equation (3) and figure 3


	Nokia [6]
	Proposal 5: RAN1 to discuss the advantage and use case of intra-symbol OCC vs. frequency domain multiplexing.
Proposal 6: In case RAN1 selects intra-symbol OCC, the power control mechanism of PUSCH may need to be re-visited.
Proposal 7: RAN1 to consider the significant impact of inter-symbol OCC to the specification.
Proposal 8: RAN1 to evaluate the supported payload size with inter-slot OCC.
Observation 1: From specification point of view, Inter-slot OCC would seem to have the most similarities to existing configuration.
Proposal 10: RAN1 to further investigate how to reduce or mitigate the impact of frequency offset to inter-slot OCC between scheduled UEs.
Proposal 12: RAN1 to introduce RV grouping to allow application of OCC across PUSCH repetitions.
Proposal 13: Examine and explore the benefits and challenges associated with various OCC spreading schemes. Challenges related to spec impact should be detailed for each scheme.
Proposal 15: Uplink capacity enhancements via OCC should only consider PUSCH repetition type A.
Observation 2: It is crucial that the codes used for OCC are aligned to maintain orthogonality between the UEs using the same physical resources.
Proposal 16: RAN1 should study how to ensure that codes for OCC are aligned between UEs scheduled on the same physical resources.

	Qualcomm [9]
	Proposal 1: RAN1 to study at least the following OCC techniques (including combinations of both):
· Cross-symbol and cross-symbol cluster OCC
· Intra-symbol pre-DFT-s OCC (comb structure)

	OPPO [7]
	Observation 1: Inter-slot OCC, intra-slot OCC, and intra-symbol OCC can be considered as candidate schemes for PUSCH with OCC if the corresponding PUSCH performances are acceptable.

	Apple [8]
	Proposal 2: For the scheme of spreading PUSCH with across OFDM symbols OCC, study at least the total number of PUSCH OFDM symbols after OCC spreading and the handling of orphan PUSCH symbols under OCC spreading.
Proposal 3: For the scheme of spreading PUSCH with across slots OCC, consider the following options for PUSCH repetition:
· Option 1: Pause RV cycling in PUSCH repetition
· Option 2: Keep RV cycling over every X PUSCH repetitions, where X is OCC size. 
· FFS: ordering between OCC cycling and RV cycling
Proposal 4: For the scheme of spreading PUSCH with OCC within an OFDM symbol, study the block size of OCC spreading.
Observation 1: In fast fading, the BLER performance of PUSCH with across slots OCC spreading may be degraded.
Observation 2: The PUSCH spreading with across symbols OCC and OCC within an OFDM symbol have large specification impact on resource mapping.

	MediaTek [11]
	Observation 1: The orthogonality of OCC codes with Time Domain inter-slot OCC mapping or inter-symbol OCC mapping with OCC code length up to 8 can be maintained assuming max timing drift <=  0.8 us which is a fraction of CP length.
Proposal 1: Use inter-slot OCC with PUSCH repetition Type A for lengths 2, 4, or 8.
Proposal 2: Use inter-symbol OCC with continuous symbols and PUSCH repetition Type B.
Proposal 3: OCC scheme requires PUSCH scrambling should be the same for each repetition / slot.


	CATT [12]
	Observation 1: The latency in non terrestrial networks contradicts the original design intention of type B.
Proposal 1: It is necessary to clarify whether to enhance repetition type B.
Observation 2: The additional specification impact to TBS and resource allocation for symbol level OCC should be taken into account.  
Proposal 2: It is recommended that symbol level is with low priority.
Proposal 3: OCC aross slot can be conducted through the following options:
· Option1: OCC is applied to all repetitions, where the OCC length is equal to the number of repetitions
· Option2: Divide multiple repetitions into groups and OCC applied across groups
· Option3: Divide multiple repetitions into groups and OCC applied within each group
Proposal 4: For inter slot OCC, the same length of OCC sequence should be used for Multi-user with CDM.
Observation 3: Total throughput with OCC is same as the case without OCC if assuming the repetition is not used for the baseline case. While for the repetition case, the total throughput is increased when OCC is used.
Proposal 5: It is necessary to clarify whether to use repetition as the baseline case without OCC.

	Spreadtrum [14]
	Proposal 2: For PUSCH enhancements via Orthogonal Cover Codes, OCC across slots should be prioritized.

	Panasonic [16]
	Proposal 3: For OCC within an OFDM symbol, OCC before DFT-spreading should be considered.
Proposal 4: OCC within an OFDM symbol would be most preferable from UCI, OCC length and intra-slot FH point of view.

	DoCoMo [17]
	Proposal 1: Support DFT-s-OFDM PUSCH enhancements via OCC for Rel-19 NR NTN.
[bookmark: _Hlk163740423]Proposal 4: For inter-slot time-domain OCC, study how to assign inter-slot OCC sequence to repetitions, how to handle the inter-slot FH, how to handle RV for repetitions, etc.
Proposal 5: For intra-symbol pre-DFT OCC, study with which unit to apply an OCC, how many subcarriers/RBs a bit of an OCC sequence (e.g., +1 or -1) is assigned with, etc
Proposal 6: Identify the maximum length of OCC considering the number of DMRS port for PUSCH with OCC and the performance degradation brought by OCC.
Proposal 7: Study how to determine OCC length, e.g., in consideration of repetition factor determination for inter-slot time-domain OCC.

	CMCC [18]
	Observation 1: For multiple PRB transmission in uplink, TBoMS can achieve similar power boosting gain to increase the date rate and uplink capacity as pre-DFT-OCC. And TBoMS is less sensitive to the frequency drift or synchronization error, compared with pre-DFT-OCC.
Observation 2: For single PRB transmission case, no sub-PRB transmission is supported. In this case, the benefits of pre-DFT-OCC is clear. But the using scenario of sub-PRB should be further discussed and clarified.
Proposal 1: Further study pre-DFT OCC scheme in frequency domain for PUSCH transmission with a single RB.
Observation 3: Compared with Pre-DFT OCC scheme in frequency domain, Post-DFT OCC scheme in frequency domain may have more rigorous RF requirement (e.g., frequency flatness within a RB), less capability (e.g., no power boosting gain), which may result in worse performance.
Proposal 2: Deprioritize the study of Post-DFT OCC scheme in frequency domain.
Proposal 3: Slot-level OCC schemes need more studies with the consideration of realistic impairments.
Observation 4: Compared with slot-level OCC, the symbol level OCC has larger specification impact at least for RE mapping.
Proposal 4: It should further study the symbol level OCC considering both technical performance and the specification impacts.

	China Telecom [19]
	Observation 1: Intra-symbol pre-DFT OCC is not sensitive to timing offset and frequency offset.
Observation 2: With the increasing number of multiplexed UEs, intra-symbol pre-DFT OCC may degrade the uplink performance of each UE, causing the transmit power to be allocated to more frequency resources.
Observation 3: Considering VoIP with ≈184 bits payload, intra-symbol pre-DFT OCC may require a higher MCS when the multiplexed UE number increases.
Observation 4: For PUSCH, different number of RBs maybe allocated for different UE considering different uplink transmission requirements. In this case, it may be a problem to perform frequency domain OCC.
Proposal 1: For frequency domain OCC, it needs to study whether different number of RBs can be scheduled among multiplexed UEs.
Observation 5: For inter-slot time domain OCC, coherent combining is needed, which makes it sensitive to phase deviation. 
Observation 6: The receiver cannot decode the data unless all the data is received for inter-slot time domain OCC. When it fails to decode the data, all the UEs need to retransmit the whole repetition.
Proposal 2: For inter-slot OCC, it needs to clarify whether RV-level OCC can be used. Considering the impact of TO and FO, inter-slot OCC having the same RV should be prioritized.
Proposal 3: For the mapping of OCC with PUSCH, at least the following can be studied.
· Inter-slot time-domain OCC with continuous symbols
· Inter-symbol time domain OCC with continuous symbols
· Intra-symbol pre-DFT OCC similar to OCC scheme of PUCCH format 

	Google [20]
	Proposal 1: For the capacity enhancement for PUSCH, consider the following OCC granularities:
· Repetition-level OCC: One OCC group includes multiple PUSCH repetitions 
· Symbol-level OCC: One OCC group includes multiple PUSCH repetitions 
· Pre-DFT sample level OCC: One OCC group includes multiple samples before transform precoder
Proposal 2: For pre-DFT sample level OCC, the enhancement should not increase the PAPR significantly.
Proposal 3: For symbol-level and repetition-level OCC, it is necessary to minimize the power im-balancing for different transmission ports.

	Xiaomi [13]
	Observation 1: In theory, post-DFT frequency domain OCC spreading is more sensitive to delay spread than pre-DFT base solution. Besides, it may have impact on the Low PAPR characteristic of DFT-s-OFDM waveforms.
Observation 2: In theory, post-FFT time domain OCC spreading is sensitive to the doppler shift. Compare with pre-DFT based OCC spreading, time domain OCC spreading may experience non-negligible performance degradation.
Proposal 1: Study and evaluate the following two potential solutions for NR-NTN PUSCH capacity enhancements.
· Pre-DFT OCC spreading
· Repetition-based OCC multiplexing

	InterDigital [22]
	Proposal 3: Inter-slot OCC is used for slot based PUSCH repetitions.
Observation 3: Intra-symbol and inter-symbol OCC based PUSCH transmissions can involve higher specification impact and effort compared to inter-slot OCC based PUSCH transmissions.
Observation 5: Sub-slot OCC based PUSCH transmissions will result in less parity bits being repeated in each PUSCH repetition.
Proposal 6: Support OCC based PUSCH transmissions with TBoMS where OCC length is equal to the TBoMS length in number of slots.

	LG [23]
	Proposal 1: In Rel-19 NR NTN, study the following two options as PUSCH uplink capacity/throughput enhancement via OCC considering the specification impact and feasibility:
· Option 1: Apply OCC within PUSCH
· Option 2: Apply OCC between PUSCH repetitions
Observation 1: For OCC within PUSCH (Option 1), specification changes on PUSCH DM-RS may be required to enhance DM-RS multiplexing capacity accordingly.
Proposal 2: In Rel-19 NR NTN, for OCC within PUSCH (Option 1), discussion is needed whether the enhancement of PUSCH DM-RS multiplexing capacity can be included in the scope of WID or not considering the followings notes:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
Proposal 3: In Rel-19 NR NTN, the benefits of OCC within an OFDM symbol should be clarified when RB allocation is greater than 1 PRB in terms of uplink/throughput enhancement.
Observation 2: For OCC within an OFDM symbol (within PUSCH) (Option 1-1), sub-PRB allocation and/or non-integer PRB allocation may occur, which may have an impact on TBS calculation.
Observation 3: For OCC within an OFDM symbol (within PUSCH) (Option 1-1), RE grouping for OCC can be complicated according to PT-RS configuration.
Observation 4: For OCC within an OFDM symbol (within PUSCH) (Option 1-1), application of OCC after TF precoding may result in higher PAPR.
Proposal 4: In Rel-19 NR NTN, study OCC within an OFDM symbol (within PUSCH) considering the following aspects:
· Sub-PRB and/or non-integer PRB allocation
· TBS calculation
· PT-RS configuration
· OCC before/after TF precoding
Observation 5: For OCC across OFDM symbols (within PUSCH) (Option 1-2), symbol grouping for OCC can be complicated according to DM-RS configuration.
Observation 6: For OCC across OFDM symbols (within PUSCH) (Option 1-2), symbol grouping and/or symbol group alignment for OCC may depend on the symbol indexing (e.g., physical/relative symbol indexing).
Proposal 5: In Rel-19 NR NTN, study OCC across OFDM symbol(s) (within PUSCH) considering the following aspects:
· DM-RS configuration
· Symbol indexing (e.g., physical/relative)
Observation 7: For OCC with PUSCH repetition Type A (Option 2-1), OCC orthogonality may not be guaranteed without pre-requisites such as phase continuity, power consistency, delay/Doppler pre-compensation, etc.
Observation 8: For OCC with PUSCH repetition Type A (Option 2-1), changes in RV and/or PUSCH DM-RS sequences through slots may not be suitable for OCC application.
Observation 9: For OCC with PUSCH repetition Type A (Option 2-1), the enhancement can be also applied to Msg3 PUSCH with repetition(s).
Proposal 6: In Rel-19 NR NTN, study OCC with PUSCH repetition Type A considering the following aspects:
· Phase continuity and/or power consistency
· Time/Frequency shift pre-compensation
· RV (redundancy version) cycling
· DM-RS sequence initialization
· Msg3 PUSCH enhancement

Observation 10: For OCC PUSCH repetition Type B (Option 2-2), OCC applicability may be affected by the length/number of actual PUSCH repetition(s).
Proposal 7: In Rel-19 NR NTN, study OCC with PUSCH repetition Type B considering the following aspects in addition to Type A case:
· Nominal/actual PUSCH repetition(s)


	Vivo [28]
	[bookmark: _Hlk163759565]Observation 1: When PUSCH Type A repetition is enabled, inter-slot/repetition OCC can be easily supported, but the UL capacity gain brought by OCC is achieved at the cost of sacrificing the benefits of the incremental redundancy relying on different RVs.
Observation 2: Time-domain OCC across symbols requires significant modifications on resource mapping of PUSCH, as well as restriction on applicable PUSCH TDRA.
Observation 3: If intra-symbol OCC is performed after the DFT, it would destroy the phase continuity within symbols and would result in high PAPR.
Observation 4: Pre-DFT OCC is equivalent to comb-based resource mapping after DFT.
Proposal 1: Post-DFT frequency-domain OCC within symbols is not considered.

	NICT [25]
	Observation 1: Applying OCC across slots represents one of the simplest ways, effectively minimizing the impact on the specifications. However, the extended duration of signals in time brings the risk that variations in channel conditions and timing drift may lead to a degradation in BLER.
Observation 2: The scheme of OCC across OFDM symbols may reduce BLER degradation. However, it has a larger impact on specifications than the scheme of OCC across slots.
Observation 3: In OCC within an OFDM symbol, the scheme of post-DFT OCC may be unsuitable for DFT-s-OFDM transmission due to high PAPR.

	TCL [26]
	Proposal 3: The following OCC scheme for DFT-s-OFDM PUSCH can be considered :
· Across RV
· Across symbol group
· Across slot group

	Langbo [24]
	[bookmark: _Hlk163767034]Proposal 4: For a PUSCH transmission of PUSCH repetition type A with OCC, if the number of repetitions is greater than the length K of the OCC in use, the redundancy version can be changed every K repetitions; otherwise, all repetitions have the same redundancy version.
Proposal 5: RAN1 to discuss how to support time domain OCC for PUSCH repetition type B.

	Lenovo [15]
	Proposal 2: RAN1 to support the inter-slot OCC (OCC across slots) with fixed redundancy version and shorter length codes.
Proposal 3: RAN1 to consider the intra-slot OCC as the candidate scheme for PUSCH by considering the specification impact of the scheme and only if the PUSCH performance gain are considerably high.
Proposal 4: RAN1 to discuss and evaluate the symbol mapping types for intra-slot OCC application.
Proposal 5: For intra-slot OCC, consider the following methods to provide full flexibility to the network to schedule the resources.
· Variable length OCC sequences, e.g., DFT based sequences for PUCCH format 1.
· Multiple length OCC application in a slot

Proposal 6: RAN1 to deprioritize the intra-symbol OCC scheme.



OCC Group in OCC schemes:
OPPO [7] has a useful description of OCC Group that can be applied for the OCC schemes. For inter-slot OCC or intra-slot OCC, OCC is performed across slots/symbols, and one OCC group is the smallest number of slots/symbols on which all OCC factors of one OCC are scrambled. For intra-symbol OCC, OCC factors are scrambled on modulation symbols before DFT operation, and one OCC group is the allocated PRBs for PUSCH transmission within which different OCC factors are scrambled. Inter-slot OCC, intra-slot OCC, and intra-symbol OCC can be considered as candidate schemes for PUSCH with OCC if the corresponding PUSCH performances are acceptable.
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OPPO [7] Figure 1. Mapping of OCC across slots, symbols, and within a symbol

OCC across slots:
Ericsson [2] observed for inter-slot OCC, one of the OCC multiplexed UEs can potentially be a UE without Rel-19 OCC capability. A potential solution for OCC across OFDM symbols is to use OCC across Type B PUSCH repetitions.

MediaTek [11] observed the orthogonality of OCC codes with Time Domain inter-slot OCC mapping with OCC code length up to 8 can be maintained with max timing drift smaller than CP length. Proposed to use inter-slot OCC with PUSCH repetition Type A for lengths 2, 4, or 8, also use inter-symbol OCC with continuous symbols (i.e. mini slot) with PUSCH repetition Type B. OCC scheme requires PUSCH scrambling should be the same for each repetition / slot.

Nokia [6] proposed RAN1 to further investigate how to reduce or mitigate the impact of frequency offset to inter-slot OCC between scheduled UEs. 

Nokia [6], Apple [8], MediaTek [11], ZTE [4], CMCC [18], LG [23] discussed RV aspects. This include RV grouping to allow application of OCC across PUSCH repetitions, PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and RV cycling is used in Time-Domain OCC mapping inter slot (it was observed by one company that inter-slot OCC scheme with occ-length=2 and fixed RV0 incurs 1.93 dB SNR penalty at 2% BLER compared to using RV cycling).
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Nokia [6]Figure 2. Example of RV grouping in case of 8 PUSCH repetitions and RV group of size 4.

CATT [12] propose to use same length of OCC sequence for Multi-user with CDM and options for OCC across slot.
· Option1: OCC is applied to all repetitions, where the OCC length is equal to the number of repetitions
· Option2: Divide multiple repetitions into groups and OCC applied across groups
· Option3: Divide multiple repetitions into groups and OCC applied within each group
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[bookmark: _Ref161831498]Apple [8] Figure 3: Exemplary OCC = [1 -1] across slots


Huawei, HiSilicon [5] proposed formulation for inter-slot OCC:
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Huawei, HiSilicon [5] Figure 2 An example of inter-repetition OCC with occ-length=2


LG [23] propose study OCC with PUSCH repetition Type A considering Phase continuity and/or power consistency, Time/Frequency shift pre-compensation, DM-RS sequence initialization. For OCC with PUSCH repetition Type B considering in addition to Type A case the nominal/actual PUSCH repetition(s).

DoCoMo [17] proposed for inter-slot time-domain OCC, study how to assign inter-slot OCC sequence to repetitions, how to handle the inter-slot FH, how to handle RV for repetitions, etc. and study how to determine OCC length, e.g., in consideration of repetition factor determination for inter-slot time-domain OCC.

CMCC [18] proposed slot-level OCC schemes need more studies with the consideration of realistic impairments.

Vivo [28] When PUSCH Type A repetition is enabled, inter-slot/repetition OCC can be easily supported, but the UL capacity gain brought by OCC is achieved at the cost of sacrificing the benefits of the incremental redundancy relying on different RVs.

Xiaomi [28] observed post-DFT frequency domain OCC spreading is more sensitive to delay spread and timing drift  than pre-DFT base solution. Besides, it may have impact on the Low PAPR characteristic of DFT-s-OFDM waveforms. Proposed to study and evaluate Pre-DFT OCC spreading and repetition-based OCC multiplexing.

Interdigital [22] observed sub-slot OCC based PUSCH transmissions will result in less parity bits being repeated in each PUSCH repetition. Proposed OCC based PUSCH transmissions with TBoMS where OCC length is equal to the TBoMS length in number of slots.

Langbo [24] proposed for PUSCH transmission of PUSCH repetition type A with OCC, if the number of repetitions is greater than the length K of the OCC in use, the redundancy version can be changed every K repetitions; otherwise, all repetitions have the same redundancy version. RAN1 to discuss how to support time domain OCC for PUSCH repetition type B.

Lenovo [15] proposed RAN1 support the inter-slot OCC (OCC across slots) with fixed redundancy version and shorter length codes.


Moderator view on OCC across slots: In existing NR specification, the resource mapping is done before the repetitions – i.e. multiple different symbols are mapped in a slot, then the slot is copied in multiple repetitions each with multiple different symbols. Mapping OCC to slot can be done re-using legacy specifications with PUSCH repetition Type A or PUSCH repetition Type B, or TBoMS. PUSCH encoding of transport block requires a fixed redundancy version number for repetitions over each OCC block, how to use RV cycling across OCC blocks can be discussed. The UCI multiplexed on a slot/repetition should also be repeated across the slots/repetitions and multiplied with the same OCC sequence. The interval of frequency hopping for inter-slot frequency hopping should be extended to every OCC-length slots. The span of OCC sequence is across slots / repetitions. The specification change is limited to application of slot-wise multiplication with a cover code. The legacy TBS determination procedure in clause 6.1.4.2 of TS38.214 can be reused.

OCC across OFDM symbols:
Ericsson [2] mention a potential solution for OCC across OFDM symbols is to use OCC across Type B PUSCH repetitions. Further, for inter-symbol OCC, one of the OCC multiplexed UEs can potentially be a UE without Rel-19 OCC capability

Nokia [6] proposed RAN1 consider the significant impact of inter-symbol OCC to the specification and evaluate the supported payload size with inter-slot OCC.

Qualcomm [9] discussed generalization of cross-symbol OCC is cross-symbol cluster OCC. In cross-symbol cluster OCC, the cover is applied to a group OFDM symbols (a symbol cluster) i.e., one cluster after doing OCC becomes M clusters. Cross-slot OCC can be considered a case of cross-symbol cluster OCC where the duration of the cluster is equal to that of the slot duration e.g., cluster length of 14 symbols with OCC is equal to cross-slot OCC
Apple [8] propose for spreading PUSCH with across OFDM symbols OCC, study at least the total number of PUSCH OFDM symbols after OCC spreading and the handling of orphan PUSCH symbols under OCC spreading.

MediaTek [11] observed the orthogonality of OCC codes with Time Domain inter-symbol OCC mapping with OCC code length up to 8 can be maintained with max timing drift smaller than CP length.

CATT [12] observed the latency in non terrestrial networks contradicts the original design intention of type B and whether it is necessary to clarify to enhance repetition type B. The additional specification impact to TBS and resource allocation for symbol level OCC should be taken into account. Propose to recommend symbol-level OCC is with low priority.
CMCC [18] observed compared with slot-level OCC, the symbol level OCC has larger specification impact at least for RE mapping. It should further study the symbol level OCC considering both technical performance and the specification impacts.

Vivo [28] Time-domain OCC across symbols requires significant modifications on resource mapping of PUSCH, as well as restriction on applicable PUSCH TDRA.

Huawei, HiSilicon [5] proposed formulation for inter-symbol OCC.
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Huawei, HiSilicon [5] Figure 1 An example of inter-symbol OCC with occ-length=2.
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ZTE [4] Figure 1. Comparison between OCC across slots and OCC across symbols
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Qualcomm [9] Fig. 2: Cross-symbol cluster OCC with M=2 and L=2

Moderator view on OCC across symbols: Inter-symbol OCC applies different OCC elements across symbols, which requires the content of multiple adjacent symbols to be the same. This means the legacy resource mapping cannot be reused. The repetition in inter-symbol OCC is in symbol level resulting in a smaller phase error due to frequency offset in different symbols compare to inter-slot OCC. This means the channel information among different OCC elements, i.e. symbols, has much smaller gap than OCC across slots. Similar to PUCCH format 1 as defined in clause 6.3.2.4.1 of TS38.211. Each group of DFT-s-OFDM symbols in a PUSCH is repeated by the times of OCC length after block-wise spreading. New TBS calculation is needed, where the number of DFT-s-OFDM symbols allocated per repetition and the number of REs available to a repetition of the PUSCH in a slot (NRE), as defined in clause 6.1.4.2 of TS38.214, should be divided by the length of OCC. The UCI multiplexed on the PUSCH in a slot, if any, should be block-wise spread. The span of OCC sequence should be within a frequency hop. On OCC across symbols or cross-symbol cluster OCC, a potential solution could be to use PUSCH repetition B where a mini slot of one or several symbols can be repeated and OCC is applied to one or several symbols accordingly.

OCC within an OFDM symbol:
Huawei HiSilicon [5], discuss OCC within a DFT-s-OFDM symbol. The complex-valued symbols are repeated before transform precoding by the length of OCC . New TBS calculation is needed, where the number of allocated subcarriers for PUSCH and the number of REs available to a PUSCH repetition in a slot (NRE), as defined in clause 6.1.4.2 of TS38.214, should be divided by the length of OCC. The UCI multiplexed with a PUSCH in a slot should be block-wise spread before transform precoding. Intra-slot and inter-slot frequency hopping can be used without change.
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Huawei, HiSilicon [5] Figure 3 An example of intra-symbol OCC with occ-length=2

Ericsson [2] observed OCC within an OFDM symbol, when applied prior to the DFT precoder, is equivalent to a sub-PRB allocation where every nth subcarrier is used by a given UE. When more than one PRB is available, multiplexing can also be achieved with FDM using separate PRBs per UE. Pre-DFT OCC within an OFDM symbol for 2 UEs across 2 PRBs has the same capacity and performance as 2 UEs allocated to one PRB each. For intra-symbol OCC, multiplexing with a UE without OCC capability is not possible. 
Vivo [28]  If intra-symbol OCC is performed after the DFT, it would destroy the phase continuity within symbols and would result in high PAPR. Pre-DFT OCC is equivalent to comb-based resource mapping after DFT. Post-DFT frequency-domain OCC within symbols is not considered.
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Ericsson [2] Figure 8: FDM multiplexing versus OCC within an OFDM symbol.

[bookmark: _Hlk163666876]Nokia [6], MediaTek [11], CATT [12] discussed the advantage and use case of intra-symbol OCC vs. frequency domain multiplexing. In case RAN1 selects intra-symbol OCC, the power control mechanism of PUSCH may need to be re-visited. Although such a scheme might not suffer from channel uncorrelation in time or frequency for a limited number of UEs, it requires an expansion of the transmission bandwidth directly proportional to the number of UEs to multiplex, e.g. if two UEs are to be multiplexed both transmitting data occupying one PRB (12 REs), two PRBs are necessary for such multiplexing. However, considering that a gNB can schedule the two UEs separately and orthogonally in the two distinct PRBs, the motivation for introducing such a scheme needs to be further discussed.
[bookmark: _Hlk158823862]Panasonic [16] proposed for OCC within an OFDM symbol, OCC before DFT-spreading should be considered. OCC multiplexing is possible for symbols containing UCI because OCC is applied after UCI multiplexing. Intra-slot frequency hopping can work with OCC because OCC is applied within an OFDM symbol.
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Panasonic [16] Figure 3 Within an OFDM symbol (example of SF=4)

Apple [8], DoCoMo [17] proposed study aspects of intra-symbol pre-DFT OCC , including block size of OCC spreading for OCC within an OFDM symbol, which unit to apply an OCC, how many subcarriers/RBs a bit of an OCC sequence (e.g., +1 or -1) is assigned with, etc

CMCC [18] observed for multiple PRB transmission in uplink, TBoMS can achieve similar power boosting gain to increase the date rate and uplink capacity as pre-DFT-OCC. And TBoMS is less sensitive to the frequency drift or synchronization error, compared with pre-DFT-OCC. For single PRB transmission case, no sub-PRB transmission is supported. In this case, the benefits of pre-DFT-OCC is clear. But the using scenario of sub-PRB should be further discussed and clarified. Propose to study pre-DFT OCC scheme in frequency domain for PUSCH transmission with a single RB. Compared with Pre-DFT OCC scheme in frequency domain, Post-DFT OCC scheme in frequency domain may have more rigorous RF requirement (e.g., frequency flatness within a RB), less capability (e.g., no power boosting gain), which may result in worse performance. Deprioritize the study of Post-DFT OCC scheme in frequency domain.

Lenovo[15] discussed variable length OCC sequences (e.g., DFT based sequences for PUCCH format 1) and multiple length OCC application in a slot should be considered for scheduler flexibility. Propose RAN1 deprioritize the intra-symbol OCC scheme.

Moderator view on OCC within a symbol: OCC within an OFDM symbol requires updates of the TBS/rate matching design with high impact on the specifications, where TBS size and/or rate matching (RM) needs to be adapted to the spreading factor for OCC. It is relatively more robust to timing drift, but Power control mechanism of PUSCH and expansion of the transmission bandwidth may need further discussion. OCC multiplexing is possible for symbols containing UCI because OCC is applied after UCI multiplexing. Intra-slot frequency hopping can work with OCC because OCC is applied within an OFDM symbol.

Comparison of OCC schemes:
Moderator view on comparisons of OCC schemes:
Several companies discussed comparison of OCC schemes. We combined the main points discussed by these companies in a table based on the companies discussions (Huawei, HiSilicon [5], Ericsson [2], Nokia [6], Spreadtrum [14], Panasonic [16], DoCoMo [17], MediaTek [11], NICT [25], Mitsubishi [29], LG [23]). The table summarizing comparison of OCC schemes as in above can be proposed as a RAN1 observation.
	OCC scheme
	Pros
	Cons

	Across slots 
(After transform precoding)
(Type A and Type B PUSCH repetitions, TBoMS)
	· Small specification impact 
· OCC multiplexing possible with one UE without Rel-19 OCC capability
· Enables multiplexing gain by spreading codes across repetitions in the time domain, potentially boosting capacity.
	· More sensitive to frequency errors and timing drift
· UCI and RV handlings are required.
· OCC spreading should be restricted within a hop 
· OCC length restricted by PRACH, SRS and/or measurement gap

	Across OFDM symbols 
(After transform precoding)
	· Less sensitive to frequency errors and timing drift
· OCC multiplexing possible with one UE without Rel-19 OCC capability
	· Large specification impact
· Requires updates of the rate matching
· Limited multiplexing gain compared to inter-slot OCC, potentially impacting capacity enhancement.
· Alignment of multiple UEs with different TBSs not straight forward.
· Transport block size will be scaled with OCC length.
· The hopping interval of inter-slot FH should be extended to X slot, where X=OCC-length
· OCC length depends on DMRS/SRS configuration

	Within an OFDM symbol
(before transform precoding)
	· Less sensitive to frequency errors and timing drift
· No restriction of frequency hopping
	· Large specification impact
· Requires updates of the rate matching
· Transport block size will be scaled with OCC length.
· OCC multiplexing with non-OCC UE not possible
· larger BW necessary decreasing PSD for power limited UEs.
· Impacts on transmission power, low PAPR.




Potential candidates for study of OCC:
Moderator view on study of OCC schemes:
Several companies mentioned study OCC schemes:
· Inter-slot time-domain OCC: Huawei, HiSilicon [5], China Telecom [19], DoCoMo [17], Vivo [28], Google [20], Interdigital [22], TCL [26], 
· Inter-symbol time domain OCC: Huawei, HiSilicon [5], Qualcomm [9], China Telecom [19], DoCoMo [17], Google [20], TCL [26], 
· Intra-symbol pre-DFT OCC: Huawei, HiSilicon [5], Qualcomm [9], China Telecom [19], Vivo [28], Google [20], Mitsubishi [29]

At least the following can be studied with RAN1 companies aligning understanding on comparisons for the OCC schemes (as listed above)  
· Inter-slot time-domain OCC including PUSCH repetition Type A, PUSCH repetition Type B, TBoMS
· Inter-symbol time domain OCC with continuous symbols 
· Intra-symbol pre-DFT OCC (comb-like structure)

4.2 First Round Discussion

Initial Proposal 4-1:
For the mapping of OCC with PUSCH, at least the following can be studied in RAN1  
· Inter-slot time-domain OCC including PUSCH repetition Type A, PUSCH repetition Type B, TBoMS
· Inter-symbol time domain OCC with continuous symbols 
· Intra-symbol pre-DFT OCC (comb-like structure)

Initial Proposal 4-2:
Support PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block
· FFS Whether to use RV cycling across OCC blocks

Initial Proposal 4-3:
Adopt table summarizing comparison of OCC schemes as a RAN1 observation:
	OCC scheme
	Pros
	Cons

	Across slots 
(After transform precoding)
(Type A and Type B PUSCH repetitions, TBoMS)
	· Small specification impact 
· OCC multiplexing possible with one UE without Rel-19 OCC capability
· Enables multiplexing gain by spreading codes across repetitions in the time domain, potentially boosting capacity.
	· More sensitive to frequency errors and timing drift
· UCI and RV handlings are required.
· OCC spreading should be restricted within a hop 
· OCC length restricted by PRACH, SRS and/or measurement gap

	Across OFDM symbols 
(After transform precoding)
	· Less sensitive to frequency errors and timing drift
· OCC multiplexing possible with one UE without Rel-19 OCC capability
	· Large specification impact
· Requires updates of the rate matching
· Limited multiplexing gain compared to inter-slot OCC, potentially impacting capacity enhancement.
· Alignment of multiple UEs with different TBSs not straight forward.
· Transport block size will be scaled with OCC length.
· The hopping interval of inter-slot FH should be extended to X slot, where X=OCC-length
· OCC length depends on DMRS/SRS configuration

	Within an OFDM symbol
(before transform precoding)
	· Less sensitive to frequency errors and timing drift
· No restriction of frequency hopping
	· Large specification impact
· Requires updates of the rate matching
· Transport block size will be scaled with OCC length.
· OCC multiplexing with non-OCC UE not possible
· larger BW necessary decreasing PSD for power limited UEs.
· Impacts on transmission power, low PAPR.




Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Qualcomm
	Proposal 4-1: We would like to modify as follows:
· Intra-symbol pre-DFT OCC (comb-like structure as in PUCCH format 4)
Proposal 4-2: This is concluding that slot-level OCC is supported implicitly, which we are not sure if it’s the best way to achieve multiplexing. As mentioned in the proposal of Section 2, we should first agree to specify something and then list the set of techniques for further evaluation.
Proposal 4-3: Similar comment, we do not agree with some of the comments. For instance, it is unclear why pre-DFT-s spreading has large specification impact, why it has impact on transmit power, why we need to modify the TBS size determination for this scheme but not for e.g. across slots.

	Apple
	Agree in general. 
For Proposal 4-2, we think it applies to only across-slot OCC. 

	Vivo
	Initial Proposal 4-1:
[vivo] we support Type A; however, due to the high flexibility and complexity of Type B, we propose to deprioritize the study of OCC for Type B. Type B is primarily introduced for URLLC services, which are not typically considered in NTN where significant delays are inevitable.
Initial Proposal 4-1(modified):
For the mapping of OCC with PUSCH, at least the following can be studied in RAN1  
· Inter-slot time-domain OCC including PUSCH repetition Type A, PUSCH repetition Type B, TBoMS
· Inter-symbol time domain OCC with continuous symbols 
· Intra-symbol pre-DFT OCC (comb-like structure)
Initial Proposal 4-2:
[vivo] In our understanding, the same RV restriction is only needed for inter-slot OCC. For intra-symbol OCC/inter-symbol OCC, the OCC block must be within a PUSCH, thus share the same RV.
Initial Proposal 4-3:
[vivo] not support. 
We are confused by this proposal. What is the purpose of including the table in RAN1? This table will not be formally captured (neither in the specifications nor the SR) if it summarizes some understandings of the OCC schemes; moreover, some of the observations are based on different or specific assumptions. E.g., for inter-symbol OCC, if each symbol is repeated one by one, it is not possible to support OCC multiplexing with one UE without Rel-19 OCC capability. one the other hand, we don’t agree with some of the observations, .e.g., it is not clear why intra-symbol OCC has higher spec efforts and PAPR issue, and why changes on power is needed.

	LGE
	For Initial Proposal 4-1:
Since PUSCH repetition Type B is not a slot-based repetition, “inter-slot” should be generalized to “inter-repetition”. Could proponents clarify the reason of including TBoMS for the time-domain OCC? 

For Initial Proposal 4-2:
We are OK with Apple’s clarification.

For Initial Proposal 4-3:
We are generally fine with the proposal.

	CATT
	For proposal 4-1, can we narrow down the candidate the schemes based on this meeting result?  For example, the intra-symbol OCC can be precluded.
For the proposal 4-2, we agreed.
For the proposal 4-3, agreed in principle. Many details need to be checked.

	TCL
	Proposal 4-1: Fine with the proposal.
Proposal 4-2: The slot or repetition with OCC require to use the same content, so the RV for different repetition should be same.
Proposal 4-3: We do not agree with this proposal. There exists some ambiguity within the table. We are confused that OCC can multiplexing possible with one UE without Rel-19 OCC capability for inter-symbol OCC.

	Samsung
	For proposal 4-1, open to discuss. We wonder what difference between inter-symbol time domain OCC with continuous symbols and PUSCH repetition type B. The reason is that PUSCH repetition type B is also kind of PUSCHs including multiple symbols in contiguous manner. 
For proposal 4-2, we are not supportive of the proposal because it is premature to support this one in study phase. We are okay to have this one as one of evaluation assumptions. 
For proposal 4-3, it needs more discussion based on further evaluation results and more discussion so that all companies are on the same page. 

	ZTE
	Proposal 4-1
We are fine to study these 3 schemes, however, we don’t think TBoMS needs to be considered with OCC across slots, it would enlarge the unit for performing the OCC.
Proposal 4-2
Support. 
Proposal 4-3
We think it’s OK to take a table to illustrate the pros and cons of these schemes, but the organization of the table is not clear, the common restriction and the OCC scheme specific cons should be differentiated, e.g. the following cons of OCC across slots should be removed:
OCC length restricted by PRACH, SRS and/or measurement gap
We think this is the common restriction for the total available resources for all of these 3 OCC schemes, not for the OCC length.  

	Ericsson
	4-1: We are fine to keep a wide scope of the study. PUSCH repetition Type B does not necessarily have to be inter-slot OCC. Type B could be more generally described as inter-symbol group OCC and put in a separate bullet.
4-2: Wait with this until it has been agreed which OCC scheme(s) to support.
4-3: We don’t see a need to agree on this table. Possibly, some of the pros and cons can be discussed individually.

	Panasonic
	Initial Proposal 4-1
It is not clear why TBoMS is mentioned only in the inter-slot time-domain OCC. In our understanding, repetition (repeating the same RV) is necessary for inter-slot OCC, but TBoMS is not the case. Repetition and TBoMS need to be used together for inter-slot OCC. Furthermore, TBoMS can also be applied to inter-symbol and intra-symbol.
· Inter-slot time-domain OCC including PUSCH repetition Type A, PUSCH repetition Type B, TBoMS
Initial Proposal 4-2:
As other companies pointed out, this is only for inter-slot OCC which is not agreed to adopt. 
Initial Proposal 4-3:
This table may be useful for discussion, but we don’t need an agreement on this. 

	Nokia
	In principle OK with the above proposals.

	Spreadtrum
	For proposal 4-1:
We are fine with the proposal.
For proposal 4-2:
We can postpone this issue.
For proposal 4-3:
We are fine to illustrate the pros and cons of these schemes.

	Huawei, HiSilicon
	For proposal 4.1, it can be discussed together with QC’s proposal in section 2.2 on how to define different OCC schemes accurately. It would be beneficial to align the definition of each scheme. For example, as for repetition type B, it cannot use with inter slot OCC. It should be either categorized into inter symbol OCC, or the name of inter slot OCC should be changed to inter repetition OCC. For inter symbol OCC, the definition should also be clarified whether it is just for spreading the DFT-S symbol by symbol or symbol group by symbol group. For intra symbol OCC, we support the clarification from QC.
For proposal 4.2, the impacts on RV cycling may only be applied to inter-slot OCC. Maybe we can try to list all potential standard impact on individual scheme for comparison.
For proposal 4.3, we agree the intention to collecting the pro and con. We should compare not only the BLER/throughput performance but also other aspects, like standard efforts, implementation complexity, scheduling flexibility and etc. the content in the table should be discussed individually.

	Xiaomi
	Proposal 4-1: 
First, share the same view as vivo that we can’t see the necessity to support OCC multiplexing based on PUSCH repetition type B. 
Second, we share the same view with ZTE that TBoMS shouldn’t apply for repetition-based OCC multiplexing.
Besides, in theory, compared with pre-DFT based OCC spreading, OCC spreading across symbols is more sensitive to the delay spread and doppler shift. We think only study the pre-DFT based OCC spreading and repetition-based OCC multiplexing is necessary. 
At last, actually the pre-DFT based OCC solution can also be combined with TBoMS to obtain more coded bits, as shown in our contributions. 
In conclusion, we suggest to revise proposal 4-1 as follows:
Initial Proposal 4-1:
For the mapping of OCC with PUSCH, at least the following can be studied in RAN1  
· Inter-slot time-domain OCC including PUSCH repetition Type A, PUSCH repetition Type B, TBoMS
· Inter-symbol time domain OCC with continuous symbols 
· Intra-symbol pre-DFT OCC (comb-like structure) based on PUSCH repetition type A, and/or TBoMS

Proposal 4-2: 
Before discuss this proposal, maybe it should be clarified that what is the definition of OCC block at first. 

Proposal 4-3: 
1. For pre-DFT based OCC spreading and across symbols solution, we can’t understand why TBS should be scaled with the length of OCC sequence? If it is limited, how to increase the system level throughput? 
2. Besides, for pre-DFT based OCC spreading, we think it is less sensitive to delay spreading and doppler shift than across symbols solution, which is also should be captured in the observations. Besides, we suggest to wait the conclusion on proposal 4-1 at first before concluding this table.
3. UCI multiplexing on PUSCH is also should be considered for pre-DFT based occ spreading and across symbols solutions. 

	NTT DOCOMO
	Proposal 4-1: OK
Proposal 4-2: Generally fine with the proposal, it’s applicable for inter-slot OCC schemes.
Proposal 4-3: Fine to formulate the pros and cons of each OCC scheme considering specification impact, details can be further discussed.

	HONOR
	Proposal 4-1: OK
Proposal 4-2: Wait with this until it has been agreed which OCC scheme(s) to support. 
Proposal 4-3: it needs more discussion based on further evaluation results and more discussion so that all companies are on the same page.

	
	



4.3 Summary of First Round Discussion
Based on companies comments in first round, proposals were made for offline discussion in Section 7.1 and online Session in 7.2.

4.4 Conclusion
The following agreement was made in online session
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




5 [CLOSED] OCC sequence design
TBA
5.1Company contributing views
	Contribution
	Observation/Proposals

	ZTE [4]
	Proposal 1: To ensure a unified sequence design for NR PUSCH, IoT NPUSCH and NPRACH, the existing sequence for PUCCH format 1 in TS 38.211 can be used as baseline sequence.

	Apple [8]
	Proposal 1: RAN1 is to determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.

	Spreadtrum[14]
	Proposal 3: The sequence design for PUCCH format 1 can be used as baseline OCC sequence for PUSCH transmission.

	NEC [21]
	Proposal 3: Study the feasibility of reusing the legacy PUCCH format 3 or format 4 block-wise spreading mechanism for DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC), at least for double and/or quadruple the capacity improvement.

	Langbo [24]
	Proposal 1: RAN1 to consider DFT sequences and Walsh sequences as baseline and study the feasibility of Zadoff-Chu sequences for designing OCC sequences for PUSCH.
Proposal 2: Different types of OCC sequences can be used for different OCC length or for different OCC schemes.

	TCL [26]
	Proposal 5: Both Walsh sequences and DFT sequences can be considered for PUSCH with OCC.

	DoCoMo [17]
	Proposal 2: Consider cyclic shift as baseline for generating OCC for PUSCH.



ZTE [4] propose for the OCC sequence type for NR PUSCH, the existing sequences types for PUCCH in TS 38.211 can be used as baseline for unified sequence design for NR PUSCH, IoT NPUSCH and NPRACH.
Apple [8] propose RAN1 determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.
Spreadtrum [14] proposed the sequence design for PUCCH format 1 can be used as baseline OCC sequence for PUSCH transmission.
DoCoMo [17] propose cyclic shift as baseline for generating OCC for PUSCH.
NEC [21] proposed to study the feasibility of reusing the legacy PUCCH format 3 or format 4 block-wise spreading mechanism for DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC), at least for double and/or quadruple the capacity improvement.
TCL [26] proposed both Walsh sequences and DFT sequences can be considered for PUSCH with OCC.
Langbo [24] proposed RAN1 consider DFT sequences and Walsh sequences as baseline and study the feasibility of Zadoff-Chu sequences for designing OCC sequences for PUSCH. Different types of OCC sequences can be used for different OCC length or for different OCC schemes.

Moderator View: 
RAN1#116 agreed to use the legacy sequences in the evaluation
· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211
· DFT sequence in Table 6.3.2.6.3-2 in TS38.211
There seems to be no consensus on whether only one type of sequence should be used as baseline, and whether new sequences could also be considered. This seems not to be a high priority at this early stage in the Work Item.

5.2 First Round Discussion

FL Recommendation 5-1
Companies are encouraged to further discuss on use of the legacy sequences in the evaluation, whether only one type of sequence should be used as baseline, and whether new sequences could also be considered
· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211
· DFT sequence in Table 6.3.2.6.3-2 in TS38.211

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Apple
	Agree

	vivo
	Agree, according to our simulation, both OCCs have the similar performances. For simplicity, we suggest to consider only one of them as baseline, and there is no need to consider new sequence.

	OPPO
	The legacy sequences can be reused. Considering the repetition number of PUSCH can be configured n1, n2, n3, n4, n7, n8, n12, n16, n20, n24, n28, n32, the DFT sequence can be used as baseline due to the flexible OCC granularity.

	LGE
	We prefer to keep the existing two types of sequences as baseline.
Since proper sequence type may be different according to OCC scheme, we’d like to keep both options. For example, for intra-symbol OCC, DFT sequence would be appropriate to support comb-like structure. As another example, for inter-slot OCC, Walsh code would be appropriate to support orthogonality between transmissions with different repetition numbers.
Once the candidates for OCC scheme in the normative phase are determined, we can discuss the appropriate sequence together when discussing the OCC schemes.

	CATT
	If limit OCC length to be 2 or 4, so the only Walsh code can be considered.  

	TCL
	Agree. We are fine to ues the legacy OCC sequence as a baseline.

	Samsung
	No need to consider new sequence. 

	ZTE
	We think we can firstly discuss and determine these OCC schemes, the DFT and Walsh sequence are both legacy sequences and the the cross-correlation are both 0. So the sequence discussion can be at later stage.

	Ericsson
	We think legacy sequences can be reused but are fine to discuss different sequences. Is the purpose of the bullet list to limit the legacy sequences that can be discussed or just examples?

	Nokia
	OK to further discuss, but our preference is to use the Walsh sequences. There is no need to have extended granularity in the “code domain” – we would anyway need to have UEs with similar properties (and support for the feature) to mix-and-match for applying the OCC for UL transmissions.

	Huawei, Hisilicon
	It is not urgent to determine the sequence type for now. companies can report for evaluation. We think the performance between these two sequences are similar. The choice of sequence should also consider the implementation and flexibility.
The reference of sequence may need update
The Walsh may be Table 6.3.2.5A-1 for OCC2 and Table 6.3.2.5A-2 for OCC4.
The DFT may be Table 6.3.2.4.1-2 except for SF=4. The DFT sequence for SF=4 is defined in Table 6.3.2.6.3-2 


	Xiaomi
	The OCC sequence is based the UE multiplexing method. In our simulation, Walsh sequence is used for repetition-based OCC multiplexing solution. For pre-DFT based OCC multiplexing, DFT sequences are used for 2, 4, 6 and 8 UEs multiplexing respectively. 

	NTT DOCOMO
	Agree in general, no need to consider new sequence. 

	HONOR
	Agree

	
	

	
	

	
	



5.3 Summary of First Round Discussion
There was no consensus on the discussed proposals on baseline for OCC sequence design. 

5.4. Conclusion
Companies are encouraged to further contribute on OCC sequence design in RAN1#117. 

6 [bookmark: _Hlk164088134][bookmark: _Hlk159594636][CLOSED] Signalling aspects of PUSCH with OCC

6.1 Company contributing views
	Contribution
	Observation/Proposals

	Nokia [6]
	Proposal 11: RAN1 to study and potentially modify the procedures related to UCI multiplexing on PUSCH, with focus on how to integrate the UCI multiplexing into the inter-slot OCC scheme.

	Apple [8]
	Proposal 6: For PUSCH enhancement via OCC spreading, RAN1 to consider dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH.               
· RAN1 to clarify whether or not Msg 3 PUSCH capacity enhancement via OCC is to be supported.
Proposal 7: RAN1 to study the signaling to support PUSCH with OCC spreading.  

	Spreatrum [14]
	Proposal 4: For PUSCH transmission with DCI dynamic scheduling, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the scheduling DCI.
Proposal 5: For configured grant type 1, the OCC used for PUSCH transmission can be configured through RRC.
Proposal 6: For configured grant type 2, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the CS-RNTI scrambled DCI.

	Panasonic [16]
	Observation 1: OCC across slots would have a problem on UCI transmission because UCI is transmitted only in the first slot of the repetition.
Observation 2: OCC across OFDM symbol would have a problem on the setting of OCC length because possible OCC length depends on the number of PUSCH symbols in a slot, which is affected by DMRS configuration and/or SRS symbol(s).

	DOCoMo [17]
	Proposal 8:  Study whether the indication of OCC index is semi-static or dynamic.

	CMCC [18]
	Proposal 7: The discussion on the OCC application to the Msg 3 PUSCH with repetitions should be deprioritized.
Proposal 8: The OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s) can be discussed in the later phase.
Observation 7: The UE grouping for OCC based PUSCH transmission to prevent near-far problem is an implementation issue.
Observation 8: Based on current specifications, the UCI multiplexing with PUSCH repetition and the dropping of PUSCH repetition happens, which will break the orthogonality of the OCC enhanced PUSCH repetitions.
Proposal 9: It should be discussed in the later phase the enhancements for the cases of PUSCH repetition dropping and the UCI multiplexing when the time domain based OCC enhancements are applied.

	InterDigital [22]
	Proposal 1: Uplink capacity enhancements are supported for both dynamic grant and configured grant types of uplink transmissions.
Proposal 2: The signaling for OCC can be dynamic and/or semi-static. The use of dynamic vs semi-static can be based upon the type of uplink PUSCH transmission.
Observation 4: Re-defining the UCI multiplexing rules for OCC based PUSCH transmissions may involve significant complexity and specification effort.
Proposal 5: UCI is transmitted via higher layer signalling when UCI overlaps with an OCC based PUSCH transmission.

	TCL [26]
	Proposal 1: The OCC for configured grant Type 1 PUSCH can be accomplished through RRC.
Proposal 2: Special fields of the CS-RNTI scrambled DCI can be utilized for explicit indication of OCC for configured grant Type 2 PUSCH.
Proposal 4: The scheme of OCC should be indicated.

	LG [23]
	Proposal #9: In Rel-19 NR NTN, study OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s).
Proposal #10: In Rel-19 NR NTN, study UE grouping for OCC based PUSCH transmission to prevent near-far problem.

	Lenovo [15]
	Proposal 1: RAN 1 to study the OCC schemes for uplink capacity enhancements while considering legacy dynamic grant and configured grant-based resource allocation procedures as baseline.




Spreadtrum [14] provided a useful diagram for PUSCH scheduling in NR













Spreadtrum [14] Figure: PUSCH scheduling in NR

UCI multiplexing on PUSCH with OCC:
Nokia [6], Panasonic [16], CMCC [18], Interdigital [22], LG [23] discussed UCI multiplexing on PUSCH with OCC. In NR specifications UCI is only multiplexed in the one slot where the PUCCH single slot transmission would overlap with the PUSCH repetitions, and not replicated across multiple slots alongside each PUSCH repetition. Applying OCC across slots may not preserve orthogonality across multiplexed UEs as the PUSCH repetitions do not contain the same information/structure as the PUSCH repetition carrying the UCI. Potential solutions should consider UCI overhead and UCI handling.
Indication / configuration of OCC for DG and CG:
Apple [8], Interdigital [22], Spreadtrum [14], TCL [26], Lenovo [15] discussed dynamic grant and configured grant types of uplink transmissions for PUSCH enhancement via OCC spreading. Dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH were considered in the discussions. To avoid misunderstandings between UE and gNB, indicating the scheme of OCC is necessary because UE may support multiple OCC schemes. The use of dynamic indication or RRC configuration can be based upon the type of uplink PUSCH transmission. 
Msg 3 PUSCH with OCC:
Apple [8], CMCC [18], Samsung [10], LG [23] discussed whether OCC application to the Msg 3 PUSCH with repetitions should be supported / deprioritized.        
OCC configuration aspects:
Spreadtrum [14] discussed UE grouping for OCC based PUSCH transmission in RRC connected state can be implemented based on the network.
Panasonic [16] observed OCC across OFDM symbol would have a problem on the setting of OCC length because possible OCC length depends on the number of PUSCH symbols in a slot, which is affected by DMRS configuration and/or SRS symbol(s).
[image: ]





Panasonic [16] Figure 2 Across OFDM symbols (example of SF=4)
ETRI [27], DoCoMo [17] discuss OCC sequence configuration/indication:
· Details on OCC sequence book configuration, including sequence type (e.g., DFT or Walsh), sequence spread (e.g., symbol-level, slot-level, or repetition-level, etc.), sequence length, and signalling method (e.g., RRC or MAC CE), etc.
· Details on OCC sequence indication, including sequence index allocation, implicit/explicit OCC ON-OFF, basis OCC resource grid (time-freq. resource size for 1 OCC element), and signalling method (e.g., RRC, MAC CE or DCI), etc.

Moderator view: RAN1 may need to study and potentially modify the procedures related to UCI multiplexing on PUSCH in case UCI is considered as part of the PUSCH repetitions.
On whether OCC can also be applied to Msg3 PUSCH with repetition(s), to the moderator understanding it may not be in scope of the WID considering the note in the WID “ no enhancement for initial access”. 
Companies can comment on study of the following:
· OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s)
· UE grouping for OCC based PUSCH transmission to prevent near-far problem
· UCI multiplexing rules for PUSCH with OCC

6.2 First Round Discussion

Initial Proposal 6-1
[bookmark: _Hlk160178872]On whether OCC can also be applied to Msg3 PUSCH with repetition(s), it is not in scope of study considering the note in the WID “ no enhancement for initial access”?

Initial Proposal 6-2
Companies are encouraged to comment on whether the following can be studied:
· OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s)
· UE grouping for OCC based PUSCH transmission to prevent near-far problem
· UCI multiplexing rules for PUSCH with OCC



Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Apple
	Proposal 6-1: We think it is not crystal clear whether “no enhancement for initial access” in WID refers to initial access procedure only or refer to OCC-based Msg3 PUSCH transmissions. We are open to extend to OCC-based Msg3 PUSCH transmissions if it does not have big specification impact. This may be determined in a later stage of the work phase. 
Proposal 6-2: We are fine to study OCC indication/configuration bullet, while the other two bullets are related to the actual OCC scheme (i.e., across slot, across symbol or intra symbol) and can be considered once OCC scheme is determined. 

	vivo
	
Initial Proposal 6-1
On whether OCC can also be applied to Msg3 PUSCH with repetition(s), it is not in scope of study considering the note in the WID “ no enhancement for initial access”?
[vivo] Agree, we believe this agenda should focus on connected UE only
Initial Proposal 6-2
Companies are encouraged to comment on whether the following can be studied:
· OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s)
· UE grouping for OCC based PUSCH transmission to prevent near-far problem
· UCI multiplexing rules for PUSCH with OCC
[vivo]we suggest focusing on the study of UL capacity first, UL interference issues can be discussed after OCC is agreed to be supported. Regarding the near-far problem, this can be handed by NW. NW should pick a group of UEs without large power imbalance for OCC. The UCI multiplexing are further spec level details, which should be considered when NW decides which OCC to use.

	OPPO
	In principle, we support the proposal, but it can be discussed at later stage. In this phase, we should firstly discuss and evaluate the candidate OCC schemes.

	LGE
	For Proposal 6-1:
We are also open to study Msg3 PUSCH with repetition(s) if the specification work is not large. Since inter-slot OCC with OCC length of 2 has negligible performance degradation, it can be considered to use inter-slot OCC even for Msg3 PUSCH.

For Proposal 6-2:
We are fine to study. For second bullet, even with the LOS environments of NTN, the difference between received signal strengths from different UEs can be large according to the satellite beam pattern. In the case of DG PUSCH, NW may able to manage the near-far problem by its own implementations, but in the case of CG PUSCH, this may not possible or inefficient due to the large delay of RRC (re)configuration.

	CATT
	For msg3 PUSCH, we agree it is not in the scope.
For the proposal 6-2, generally we are fine. Maybe other issues can be considered as well.

	TCL.
	Proposal 6-1: If there are no significant changes to the existing specification,  Msg3 PUSCH with OCC can be studied.
Proposal 6-2: We are fine with the proposal. For third bullet, UCI can be considered as part of the repetition and block-wise spread.

	Samsung
	For proposal 6-1, support. 
For proposal 6-2, open to discuss. However, clarification is necessary. In study phase, what potential outcomes are expected with considering above ones?

	ZTE
	Proposal 6-1
We think for the msg3 during initial access stage, it’s not in the scope of WID, but for msg3 in connected state, e.g. during handover, if the signalling does not requires additional effort compared to other DG PUSCH, it’s OK to support it with unified solution.
Proposal 6-2
This can be discussed in later phase.

	Ericsson
	6-1: We agree that the note in the WID excludes Msg3 PUSCH from the scope.
6-2: Fine to study.

	Panasonic
	Initial Proposal 6-1: Agree. 
Initial Proposal 6-2: we think such details should be discussed after basic OCC scheme is agreed. 

	Nokia
	Proposal 6-1: Support
Proposal 6-2: No need for the coordination or UE grouping (apart from the normal UE grouping that would be needed based on traffic situation and UE support of feature). The UCI multiplexing rules would definitely need to be discussed under this topic.

	Spreadtrum
	For Proposal 6-1:
For msg3 PUSCH, we agree it is not in the scope.
For Proposal 6-2:
UE grouping for OCC based PUSCH transmission in RRC connected state can be implemented based on the network.

	Huawei, HiSilicon
	For proposal 6-1, the msg 3 repetition can also be applied for CONNECTED UE. We do not see the necessity to exclude it if the standard effort is marginal. In addition to msg 3, we think OCC can also be applied to SDT PUSCH for INACTIVE UE.
For proposal 6-2, the 1st and 3rd bullet can be discussed together with other standard impacts corresponding to individual OCC schemes. For 2nd bullet, it may be based on gNB’s configuration/scheduling.

	Xiaomi
	Initial Proposal 6-1
For Msg3 PUSCH in all RRC modes, we agree it is not in the scope. 
Initial Proposal 6-2
We are fine with the first and third sub-bullet. For the near-far problem, we share the similar view with vivo that it can be solved by gNB’s proper scheduling. Anyway, this proposal can be deferred after the discussion on study of the performance evaluation is settle-down. 

	NTT DOCOMO
	Proposal 6-1: Agree.
Proposal 6-2: We share the same view with Xiaomi that near-far problem can be resolved by implementation. Okay with other two bullets. 

	HONOR
	Proposal 6-1：For Msg3 PUSCH in all RRC modes, we agree it is not in the scope. 
Proposal 6-1：Fine to study



6.3 Summary of First Round Discussion
A proposal was prepared for offline discussion in Section 7.1 and for online discussion in Section 7.2

6.4 Conclusion
Based on offline discussions, the following proposal was prepared for online discussion. Hence, a FL recommendation is made for RAN1#117

FL Recommendation 6.2a
Companies in RAN1 are encouraged to further study at least the potential aspects/impacts for the OCC techniques:
· TBS calculation
· Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra/inter-repetition
· (Others)
 


7 Proposals 
7.1 Proposals for First Offline Sessions
Link performance of OCC across slots, symbols, and within a symbol:
Proposal 2.1a
RAN1 to capture the following observation:
For the SNR to achieve a target BLER:
· OCC code length =2 has negligible or marginal performance loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC across slots, OCC across symbols, and OCC within symbol.  
· OCC code length =4 has acceptable performance loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC across slots, OCC across symbols, and OCC within symbol.

Mapping of OCC across slots, symbols, within a symbol:
Proposal 4.1a
Support OCC with code length 2 or 4 in Rel-19:
· Code length 8 is FSS
· At least 1 or 2 RBs, greater than 2 RBs is FFS
· Potential OCC techniques listed below are FFS 
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol time domain OCC including inter-symbol group 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Including combinations is FFS
· TBoMS is FFS

Initial Proposal 4-2a:
PUSCH encoding of transport block with a fixed redundancy version number for repetitions across slots over each OCC block
· FFS Whether to use RV cycling across OCC blocks







Proposal 6-1a
There is no consensus in RAN1 on whether OCC can also be applied to Msg3 PUSCH with repetition(s) based on the understanding of the note in the WID “ no enhancement for initial access”?

7.2 Proposal for First Online session
Mapping of OCC across slots, symbols, within a symbol:
[bookmark: _Hlk164098130]Proposal 4.1b
Support OCC for PUSCH in Rel-19 NR NTN:
· At least code length 2 or 4, FFS code length 8 
· At least 1 or 2 RBs, FFS greater than 2 RBs
· Potential OCC techniques listed below are FFS 
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol time domain OCC including inter-symbol group 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques is FFS
· TBoMS for OCC techniques is FFS

Signalling aspects of PUSCH with OCC:
Initial Proposal 6-2
RAN1 to at least further study the potential aspects on OCC techniques:
· TBS calculation
· Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra/inter-repetition
· (Others)

Link performance of OCC across slots, symbols, and within a symbol:
Proposal 2.1a
RAN1 to capture the following observation:
For the SNR to achieve target BLER :
· OCC code length =2 has negligible or marginal performance loss compared to single UE with no OCC with impairments for VoIP and for low data rates for OCC across slots, OCC across symbols, and OCC within symbol.  

7.3 Proposals for Second Offline Session
Signalling aspects of PUSCH with OCC:
Initial Proposal 6-2
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
· (Others)h

Link performance of OCC across slots, symbols, and within a symbol:
Proposal 2.1b
RAN1 to capture the following observations from contributing companies on SNR performance loss of OCC techniques compare to single UE with no OCC simulated with link-level evaluation methodology impairments  
For VoIP @ 2% BLER:
· For OCC length N = 2:
· Inter-slot: (0.4 dB, 1 dB, 0.4 dB, 0 dB, 0.46 dB, 0.8 dB, 1.1 dB, 0.8 dB)  
· Across-symbols: (0.4 dB, 0.6 dB, 0.4 dB, 0 dB, 1.6 dB)
· Within a symbol: (0 dB, 0.5 dB, 0.3 dB, 0.6 dB, 1.6 dB)  
· OCC length N = 4 with impairments: 
· Inter-slot: (floor, 3.4 dB, 0.4 dB, floor, 2.7 dB, 0.8 dB)  
· Across-symbols: (0.4 dB, 1.2 dB, 0.4 dB, 0.2 dB, 1.6 dB, 1.6 dB}    
· Within a symbol: (0 dB, 0.8 dB, 0.2 dB, 1.8 dB}
 For Low data rates @ 10% BLER:
· For OCC length N = 2: 
· Inter-slot: (0.3 dB, 0 dB, 0.2 dB, 0.5 dB, 0.7 dB)
· Across symbols: (0.3 dB, 0.4 dB, 0.2 dB, 0.5 dB)
· Within a symbol: (0.1 dB, 0.4 dB)
· OCC length N = 4: 
· Inter-slot: (floor, 1.9 dB, 0.2 dB, 1.7 dB, 1 dB)
· Across-symbols: (0.3 dB, 1 dB, 0.2 dB, 1 dB)
· Within a symbol: (0.2 dB, 0.9 dB)

7.4 Proposals for Second Online Sessions

8 Conclusions
The following agreement was made in online session.
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
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